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PREFACE
The monographs contained in this volume were prepared at the sixty-first
meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA),
which met at FAO Headquarters in Rome, Italy, 10–19 June 2003. These monographs summarize the safety data on selected food additives reviewed by the
Committee.
The sixty-first report of JECFA has been published by the World Health
Organization as WHO Technical Report No. 922. Reports and other documents
resulting from previous meetings of JECFA are listed in Annex 1. The participants
in the meeting are listed in Annex 3 of the present publication; a summary of the
conclusions of the Committee is given in Annex 4. Some of the substances listed
in Annex 4 were evaluated at the meeting only for specifications.
Specifications that were developed at the sixty-first meeting of JECFA have
been issued separately by FAO as Food and Nutrition Paper No. 52, Addendum
11. The toxicological monographs in the present publication should be read in conjunction with the specifications and the report.
JECFA serves as a scientific advisory body to FAO, WHO, their Member States,
and the Codex Alimentarius Commission, primarily through the Codex Committee
on Food Additives and Contaminants and the Codex Committee on Residues of
Veterinary Drugs in Foods, regarding the safety of food additives, residues of
veterinary drugs, naturally occurring toxicants and contaminants in food. Committees accomplish this task by preparing reports of their meetings and publishing
specifications or residue monographs and toxicological monographs, such as
those contained in this volume, on substances that they have considered.
The toxicological monographs contained in the volume are based on working
papers that were prepared by Temporary Advisers. A special acknowledgement
is given at the beginning of each monograph to those who prepared these
working papers.
Many proprietary unpublished reports are unreferenced. These were voluntarily
submitted to the Committee by various producers of the food additives under
review, and in many cases represent the only data available on those substances.
The Temporary Advisers based the working papers they developed on all the data
that were submitted, and all of these reports were available to the Committee when
it made its evaluation. The monographs were edited by H. Mattock, St Jean
d’Ardières, France.
The preparation and editing of the monographs included in this volume were
made possible through the technical and financial contributions of the Participating
Organizations of the International Programme on Chemical Safety (IPCS), which
supports the activities of JECFA.
The designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the part of
the organizations participating in the IPCS concerning the legal status of any
country, territory, city, or area or its authorities, or concerning the delimitation of its
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frontiers or boundaries. The mention of specific companies or of certain
manufacturers’ products does not imply that they are endorsed or recommended
by the organizations in preference to others of a similar nature that are not
mentioned.
Any comments or new information on the biological or toxicological properties
of the compounds evaluated in this publication should be addressed to: Joint WHO
Secretary of the Joint FAO/WHO Expert Committee on Food Additives,
International Programme on Chemical Safety, World Health Organization, Avenue
Appia, 1211 Geneva 27, Switzerland.

SPECIFIC FOOD ADDITIVES
(OTHER THAN FLAVOURING AGENTS)

a-AMYLASE FROM BACILLUS LICHENIFORMIS CONTAINING A
GENETICALLY ENGINEERED a-AMYLASE GENE
FROM B. LICHENIFORMIS
First draft prepared by
Mrs I.M.E.J. Pronk1 and Dr C. Leclercq2
Centre for Substances and Integrated Risk Assessment, National Institute
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EXPLANATION

The enzyme preparation under evaluation contains the enzyme LE399 aamylase from the genetically modified Bacillus licheniformis. LE399 a-amylase has
not been evaluated previously by the Committee. The enzyme is thermostable and
active at a relatively low pH and low calcium concentration. These characteristics
make the enzyme particularly suitable for use in starch hydrolysis conducted at
high temperatures, for example, for the liquefaction of starch used in the production of nutritive sweeteners.
LE399 a-amylase is produced by pure culture fermentation of a strain of B.
licheniformis that is non-pathogenic and non-toxigenic and which has been genetically modified to carry a genetically engineered gene coding for a-amylase. The
enzyme is subsequently partially purified and concentrated, resulting in a liquid
enzyme concentrate (LEC). In the final preparation, this LEC is stabilized and standardized and formulated with methionine, sodium chloride, and glucose and sucrose.
a-Amylases break down starch into soluble dextrins and oligosaccharides via
endohydrolysis of 1,4-a-glucosidic linkages in amylose and amylopectin. This
results in a rapid reduction of the viscosity of gelatinized starch. The LE399
a-amylase can operate at lower pH and lower concentrations of calcium ions than
conventional heat-stable a-amylases.

–3–
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Concerning amino acid sequence and enzymatic activity, the LE399 a-amylase
from the genetically modified B. licheniformis is substantially equivalent to other
a-amylases including wild-type B. licheniformis a-amylase (affirmed in USA as
“generally recognized as safe” (GRAS)) and wild-type B. amyloliquefaciens aamylase (also affirmed as GRAS). LE399 a-amylase has been developed to have
improved specificity and specific activity, and partly to improve stability at low pH
and low concentrations of calcium ions at high temperatures. The wild-type aamylase enzymes require calcium ions for stability.
The activity of the heat-stable LE399 a-amylase enzyme preparation is determined relative to that of a commercial standard a-amylase preparation of declared
strength. The activity is stated in terms of kilo novo units of a-amylase (Termamyl)
or KNU(T). At present, Liquozyme is available as two variants: Liquozyme EX has
a standardized activity of 100 KNU(T)/g while Liquozyme X has a standardized
activity of 200 KNU(T)/g. The typical composition of the two variants is given in
Table 1.
The enzyme preparation Liquozyme is used in the food industry as a processing aid in the liquefaction of starch. In the starch industry it is used, for
example, in the production of syrups, in the alcohol industry for thinning of starch
in distilling mashes, in the brewing industry for liquefaction of the adjunct, and in
the sugar industry for breaking down the starch present in cane juice, thereby
reducing the starch content, which facilitates filtration. For starch and alcohol applications the recommended dosages are up to 100 KNU(T) per kg of solid substrate,
corresponding to 0.1% Liquozyme EX per kg substrate or 0.05% Liquozyme X per
kg substrate. For brewing, the recommended dosages are up to 500 mg per kg of
raw fruit.
Toxicological studies have been performed with a liquid enzyme concentrate
(batch PPY 7075), omitting formulation, stabilization and standardization. The composition of test batch PPY 7075 given in Table 2.
1.1

Construction of the production strain

The a-amylase protein was developed by changing four amino acids in the
polypeptide chain of another genetically engineered thermostable a-amylase, “Termamyl LC”. These modifications were accomplished by introducing appropriate
mutations into the DNA sequence encoding the Termamyl LC a-amylase. The

Table 1. Typical composition of two available commercial variants of LE399
a-amylase, Liquozyme EX and Liquozyme X
Liquozyme EX
Total organic solids
Water
Sucrose/glucose
Sodium chloride
Methionine

Approximately
Approximately
Approximately
Approximately
0.6%

Liquozyme X
4%
52%
29%
15%

Approximately
Approximately
Approximately
Approximately
0.6%

8%
52%
25%
15%
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Table 2. Composition of LE399 a-amylase, test
batch PPY 7075
Composition of batch PPY 7075

Contents

Enzyme activity, KNU(T)/g
Water (% w/w)
TOS (% w/w)
pH
Ash (600 °C) (% w/w)
Density (g/ml)

287
86.5
9.6
8.9
3.9
1.06

From Elvig-Jørgensen & Pedersen (2002); Nielsen (2002a, b)
KNU(T), kilo novo units of a-amylase (Termamyl)
TOS, total organic solids

engineered gene, designated as the LE399 a-amylase gene, was introduced into
the host strain SJ5550.
The host strain was developed from a parent strain DN2717, a derivative of a
natural B. licheniformis isolate. The DN2717 strain was genetically engineered to
inactivate the following native genes: the apr gene encoding the “Alkalase” protease; the amyL gene encoding the Termamyl a-amylase; the xyl gene encoding
xylose isomerase; and the gnt gene encoding gluconate permease. The inactivated amyL, xyl, and gnt genes were replaced with three copies of the LE399 aamylase gene. In a separate step, the gene encoding C-component protease was
deleted. The resulting strain was designated as MOL2083 and used as a production strain. The aim of these genetic modifications was to produce the LE399 aamylase, to prevent the synthesis of proteases that might hydrolyse the LE399
a-amylase, and to avoid the production of the Termamyl a-amylase.
The genetic material introduced into the production strain has been well characterized and does not contain any sequences that would encode for proteins
resulting in the production of toxic or undesirable substances. The LE399 aamylase gene is stably integrated into the B. licheniformis chromosome. The production strain does not contain genes encoding proteins that inactivate antibiotics.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

The LE399 a-amylase was assessed for potential allergenicity by amino acid
sequence comparison with known allergens listed in publicly available protein databases. No immunologically significant sequence homology was detected.

2.2

Toxicological studies

2.2.1

Acute toxicity

No information was available.
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2.2.2

Short-term toxicity
Rats

According to a summary report, a 14-day range-finding study in rats was
performed (Elvig-Jørgensen & Pedersen, 2002). However, this study was not
submitted.
Groups of 10 male and 10 female Sprague-Dawley rats (aged 6 weeks) were
given water containing LE399 a-amylase (batch PPY 7075) at a dose of 0, 1, 3.3,
or 10 ml/kg bw per day (equivalent to a dose of 0, 304, 1004, or 3040 KNU(T)/kg
bw per day, or 0, 102, 336, or 1020 mg/kg bw per day expressed as TOS (total
organic solids from the fermentation; mainly protein and carbohydrate components)) by gavage for 13 weeks. The study was performed according to OECD
test guideline 408 (1998), and was certified for compliance with good laboratory
practice (GLP) and quality assurance. All animals were observed twice daily for
morbidity and mortality and daily for clinical signs and reactions to treatment. Ophthalmoscopy was performed before treatment on all animals and during week 13
on all animals in the control group and in the group receiving the highest dose. All
animals underwent functional and behavioural tests during weeks 4 and 13. Body
weight and food consumption were recorded weekly. Food conversion efficiency
was calculated. Food and water were freely available. At termination of treatment,
haematology and clinical chemistry were performed in all animals. Absolute and
relative (to body weight) weights of 12 organs were determined. All animals were
examined macroscopically. Microscopy was carried out on about 35 organs/tissues
from all animals in the control group and the group receiving the highest dose, and
on all macrospically abnormal tissues.
No effects on survival were seen. Ophthalmoscopy was normal. Functional and
behavioural tests did not reveal any abnormalities. Body-weight gain and food consumption were normal. Haematology and clinical chemistry did not show abnormalities, organ weights were normal and macroscopy did not reveal any effects
related to treatment. Microscopy of the stomach revealed minimal to slight dilatation of the fundic glands (crypt dilatation) in males and females in both the control
group and the group receiving the highest dose. When compared with the control
animals, the incidence and severity of this effect were similar in treated females,
but slightly increased in treated males. As this effect is a very common finding in
rats, its incidence and severity increasing with age, the Committee did not consider the slight variation in the incidence and severity between control and treated
males to be toxicologically significant. It can be concluded that in this 13-week
study in rats treated orally, the NOEL for LE399 a-amylase (batch PPY 7075) was
the highest dose, 10 ml/kg bw per day (equivalent to 3040 KNU(T)/kg bw per day,
or 1020 mg/kg bw per day, expressed as TOS) (Christ, 2002; Elvig-Jørgensen &
Pedersen, 2002).
2.2.3

Studies of long-term toxicity and carcinogenicity

No information was available.
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Table 3. Results of studies of genotoxicity with LE399 a-amylase (batch PPY
7075)
End-point
In vitro
Reverse
mutation

Chromosomal
aberration

Test object

Concentration

Results

References

S. typhimurium
TA98, TA100,
TA1535, TA1537
and E. coli
WP2 uvrA

156–5000 mg/ml for
Salmonella strains
and 156–5000 mg/
plate for E. coli.
Solvent: sterile
water

Negativea

Pedersen (2002);
Elvig-Jørgensen
& Pedersen
(2002)

Human
lymphocytes

In first experiment:
3200, 4000, and
5000 mg/ml, ± S9. In
second experiment:
1000, 1100, and
1500 mg/ml -S9, and
3613, 4250, and
5000 mg/ml +S9.
Solvent: sterile water

Negativeb

Whitwell (2001);
Elvig-Jørgensen
& Pedersen
(2002)

S9, 9000 ¥ g supernatant of rat liver homogenate
a
In the presence and absence of metabolic activation from S9; no cytotoxicity was seen.
Owing to the presence of free amino acids (e.g. histidine and tryptophan) in the aamylase preparation, the growth of Salmonella strains requiring histidine was
significantly increased after direct-plate incorporation. Therefore, the Salmonella strains
were exposed to the a-amylase preparation in a phosphate-buffered nutrient broth in
liquid culture (“treat-and-plate assay”) at six concentrations (highest dose, 5 mg/ml) for
3 h. After incubation, the test substance was removed by centrifugation before plating.
Stimulation of growth of E. coli strains requiring tryptophan was only weak and
insignificant
b
In the presence and absence of metabolic activation from S9. In the first experiment,
cells were treated for 3 h in the absence and presence of S9 and were harvested 17 h
later. Mitotic inhibition was 0–18%. In the second experiment, cells were exposed
continuously for 20 h in the absence of S9 and then harvested (mitotic inhibition, 54% at
1500 mg/ml), or treated for 3 h in the presence of S9 and harvested 17 h later (mitotic
inhibition, 28% at 5000 mg/ml)

2.2.4

Genotoxicity

The results of two studies of genotoxicity in vitro with LE399 a-amylase (batch
PPY 7075) are summarized in Table 3. Both studies followed OECD test guidelines, 471 (1997) and 473 (1997), respectively, while only the test for chromosomal aberration was certified for compliance with GLP and quality assurance.
2.2.5

Reproductive toxicity

No information was available.
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2.3

Observations in humans
No information was available.

3.

DIETARY INTAKE

a-Amylases have been used for many years by the starch, sugar and alcoholic-beverage industries (Association of Manufacturers and Formulators of
Enzyme Products, 2003). In Australia and New Zealand, there are currently a
number of approved sources for a-amylases listed as processing aids in Standard
1.3: Processing Aids (Food Standards Australia New Zealand, 2003b).
The Food & Drug Administration of the United States received GRAS notices
for a-amylase produced by a strain of Bacillus licheniformis in 2001 (Food & Drug
Administration, 2003). A complete and comprehensive list of enzymes and their
uses in food manufacturing in the European Union is not available, but an inventory of enzyme use in nine Member States was compiled for scientific cooperation
(SCOOP) Task 7.4 (European Commission, 2000). A number of a-amylase enzyme
preparations were reported to be in use and, in particular, the specific a-amylase
enzyme preparation under evaluation was reported to be used in France in biscuits, beer, pulse juices, fruit juices, concentrated fruit juices, dehydrated fruit
juices, fruit nectar and syrups. In Germany, Greece and Spain, the specific aamylase enzyme preparation was reported to be used in beverages, cereals and
starch, sugar and honey.
The a-amylase preparation is intended for use in starch liquefaction in the production of sweetener syrups, as well as in the production of alcoholic beverages
and beer. The absence of the a-amylase protein in the final (purified) syrup has
been experimentally confirmed. No LE399 a-amylase or other organic solids are
expected to be present in alcoholic beverages that have been distilled because
ethanol is removed from the fermentation mash by distillation. In the brewing of
beer, the LE399 a-amylase is active in the mash. It is subsequently inactivated
during wort boiling and removed during beer purification. Therefore, no residual
LE399 a-amylase is expected to be present in food processed using this enzyme
preparation. The reviewer was not aware of any other uses for the LE399 aamylase in which the enzyme might persist in the final product. Nevertheless, very
conservative estimates of intake were perfomed.
Recommended dosage and TOS content of the enzyme preparation were provided by the sponsor (Nielsen, 2002a, 2000b).
A “worst-case” scenario for human intake from sugar and sweeteners was estimated on the basis of the following assumptions:

• All sugar and sweeteners are produced from starch from processes using the
a-amylase as a processing aid;

• All enzyme activity is retained in the sugar and sweeteners (despite the fact
that the a-amylase protein is removed during procedures used for the industrial processing of starch, and the preparation contains 4% TOS;

GENETICALLY ENGINEERED a-AMYLASE FROM B. LICHENIFORMIS
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• 1000 g of enzyme preparation is used per kg of starch. In the standard production of sugar, 1 kg of starch yields 1 kg of sweeteners.
According to the budget method, the upper physiological intake of calories is
100 kcal/kg bw per day, corresponding on average to an intake of 50 g of food per
kg bw per day (Hansen, 1979). For this “worst-case” scenario, it was assumed that
20% of these calories derive from sugar, corresponding to a sugar intake of 5 g/kg
bw and thus leading to an intake of 0.2 mg of TOS/kg bw per day (1000 ¥ 4% ¥
0.005), i.e. 12 mg of TOS per day for a 60-kg person.
A “worst-case” scenario for intake from beer was estimated on the basis of the
following assumptions:

• All beer is produced using the a-amylase enzyme preparation as a processing
aid;

• All enzyme activity is retained in the beer, and the preparation contains 4%
TOS;

• The enzyme preparation is used at a dose of 500 mg/kg of adjunct; 350 kg of
adjunct are used for the production of 6660 l of beer.
According to the budget method, the upper physiological intake of liquid is
100 ml/kg bw per day (6 l for a 60-kg person) (Hansen, 1979). A “worst-case” scenario is that of ingestion of 50 ml/kg bw per day of beer, leading to an intake of 0.05
mg of TOS/kg bw per day (500 ¥ 350 ¥ 4% ¥ 0.05/6660), i.e. 3 mg of TOS per day
for a 60-kg person.
A “worst-case” scenario for intake from alcohol in spirits was estimated on the
basis of the following assumptions:

• All TOS remain in the final distilled alcohol;
• The preparation contains 4% TOS;
• All alcohol is produced using a-amylase as a processing aid, and at the recommended dosage (1000 g per ton of starch);

• One litre of spirits contains 350 ml of pure alcohol;
• The activity of the enzyme preparation on 1 ton of starch will result in the production of 640 l of pure alcohol.
A “worst-case” scenario is that of ingestion of 0.5 l of spirit, leading to an intake
of 0.18 mg of TOS/kg bw per day ([0.5/60] ¥ 0.35 ¥ 4% ¥ 1000 ¥ 1000/640), i.e.
10.9 mg of TOS per day for a 60-kg person.
Therefore, the use of extremely conservative estimates of daily intakes based
on the assumption that all TOS would persist in sugars and syrups, in beer and in
spirits, and considering very high intakes of these products, lead to an estimated
cumulative intake of 0.43 mg of TOS/kg bw per day. Compared with the NOEL of
1.02 g of TOS/kg bw per day from the 13-week study of oral toxicity, the margin of
safety is >2000.
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COMMENTS

Toxicological studies were conducted on the LEC. The materials added to the
LEC for stabilization and formulation and standardization have either been evaluated previously by the Committee or are common food constituents and do not
raise safety concerns.
In a 13-week study in rats, no significant treatment-related effects were seen
when the LEC was administered by oral gavage at doses of up to and including
10 ml/kg bw per day, the highest dose tested. Therefore this highest dose (equivalent to an intake of 1.02 g of TOS/kg bw per day) was considered to be the NOEL.
The LEC was not mutagenic in an assay for mutagenicity in bacteria in vitro and
was not clastogenic in an assay for chromosomal aberrations in mammalian cells
in vitro.
The a-amylase preparation is intended for use in starch liquefaction in the production of sweetener syrups, alcoholic beverages and beer. The absence of the
a-amylase protein in the final (purified) sweetener syrup has been confirmed
experimentally. In the spirits industry, no LE399 a-amylase or other organic solids
are expected to be carried over to the final product because ethanol is removed
by distillation from the fermentation mash containing the enzyme preparation. In
the brewing of beer, the enzyme preparation is added during the mashing process
and is denatured and inactivated during the subsequent wort-boiling stage. The
beer filtration process is likely to remove the denatured enzymes along with other
insoluble materials. In conclusion, no residual LE399 a-amylase is expected to be
present in food processed using this enzyme preparation.
Very conservative estimates of daily intakes were performed on the basis of
the assumption that all TOS would persist in the final products. These gave an
estimated daily intake of 12 mg of TOS/day (equivalent to 0.2 mg/kg bw per day)
for sugar and syrups, 3 mg/day (equivalent to 0.05 mg/kg bw per day for a 60-kg
person) for beer and 10.8 mg/day (equivalent to 0.18 mg/kg bw per day) for spirits.
Compared with the NOEL of 1020 mg of TOS/kg bw per day derived from the 13week study of oral toxicity, the margin of safety is >2000.

5.

EVALUATION

The Committee allocated an ADI “not specified” to a-amylase from this recombinant strain of B. licheniformis, used in the applications specified and in accordance with good manufacturing practice.

6.
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EXPLANATION

Annatto extracts have been used for over two centuries as a food colour, especially in cheese, and various types are now used in a wide range of food products.
Annatto extracts are obtained from the outer layer of the seeds of the tropical tree
Bixa orellana. The principal pigment in annatto extract is cis-bixin, which is contained in the resinous coating of the seed itself. Processing primarily entails the
removal of the pigment by abrasion of the seeds in an appropriate suspending
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agent. Traditionally, water or vegetable oil is used for this purpose, although solvent
extraction is also employed to produce annatto extracts with an higher pigment
content. Microcrystalline bixin products of 80–97% purity have been developed in
response to the need for more concentrated annatto extracts.
Annatto extracts were evaluated by the Committee at its thirteenth, eighteenth
and twenty-sixth meetings (Annex 1, reference 19, 35, 59–61).
At its eighteenth meeting, the Committee considered the results of long-term
and short-term tests in experimental animals fed an annatto extract containing
0.2–2.6% pigment expressed as bixin. A long-term study in rats provided the basis
for evaluation; the no-observed-effect level (NOEL) in this study was 0.5% in the
diet, the highest dose tested, equivalent to 250 mg/kg bw. A temporary acceptable
daily intake (ADI) for annatto extract was established at 0–1.25 mg/kg bw.
The Committee re-evaluated annatto extract at its twenty-sixth meeting, when
the results of the metabolic studies that had been requested became available.
Studies of mutagenicity, additional long-term (1-year) studies in rats, and observations of the effects of annatto extract in humans were also considered. No evidence was found for the accumulation of annatto pigments in the tissues of rats
fed at low concentrations (20–220 mg/kg bw per day of annatto extracts containing up to 2.3% bixin/norbixin mixture) for 1 year. Studies in both rats and humans
showed that although annatto pigments are absorbed from the intestine into the
blood, clearance from the plasma is rapid.
The NOEL in the original long-term study in rats was determined as 0.5% in
the diet, equivalent to 250 mg/kg bw, and the ADI was established at 0–0.065 mg/kg
bw of annatto extract expressed as bixin. In this re-evaluation, the Committee considered the highest concentration of bixin in the material tested (i.e. 2.6%) and
established an ADI on the basis of the content of bixin.
B. orellana is grown in many countries and various procedures are used to
produce annatto extracts from the seeds for commercial use. The following extracts
were considered for evaluation.
Annatto extract (solvent-extracted bixin): Annatto B1
The seeds are extracted with solvent to dissolve the pigment. The extract is
filtered to remove insoluble material. Subsequent processing involves removal of
fats and waxes, solvent removal, crystallization and drying.
Annatto extract (solvent-extracted norbixin): Annatto C
The seeds are extracted with solvent to dissolve the pigment. The extract is
filtered to remove insoluble material. Subsequent processing involves removal of
fats and waxes, removal of the solvent, crystallization and drying. Aqueous alkali
is added to the resultant powder, which is heated to hydrolyse the pigment and
1
To ensure clarity, the Committee adopted the designations B, C, D, E, F, G, as employed
in the submitted information, to refer to the different annatto extracts under evaluation.
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then cooled. The aqueous solution is filtered, and acidified to precipitate the norbixin. The precipitate is filtered, washed, dried and milled to give a granular powder.
Annatto extract (oil-processed bixin suspension): Annatto D
The seeds are abraded in hot vegetable oil to remove the pigment.
Annatto extract (aqueous-processed bixin): Annatto E
The seeds are abraded in cold aqueous alkali (potassium or sodium hydroxide) to remove the pigment. The resulting suspension is acidified to precipitate the
bixin. The precipitate is filtered, washed, dried and milled to give a granular powder.
Annatto extract (alkali-processed norbixin): Annatto F
The seeds are abraded in cold aqueous alkali (potassium or sodium hydroxide) to remove the pigment. Additional alkali is added to the resultant suspension,
which is heated to dissolve the pigment and then cooled. Fats and waxes are
removed. The aqueous solution is filtered, and acidified to precipitate the norbixin.
The precipitate is filtered, washed, dried and milled to give a granular powder.
Annatto extract (alkali-processed norbixin, not acid-precipitated):
Annatto G
The seeds are abraded in cold aqueous alkali (potassium or sodium hydroxide) to remove the pigment. Additional alkali is added to the resultant suspension,
which is heated to dissolve the pigment, and then cooled. Fats and waxes are
removed. The aqueous solution is filtered, and dried. Potassium carbonate may
be added.
Bixin and norbixin, the main pigments contributing to the colour of annatto
extracts, are present at different concentrations in different commercial preparations. These preparations are traded between primary processors of annatto seeds
and the final vendors of colour products to the food companies. They are, however,
too concentrated to add directly to foods and require dilution with carriers such as
vegetable oil (with emulsifiers), propylene glycol or alkali. The non-pigment fractions of the concentrated extracts are not well characterized.
At its present meeting, the Committee evaluated new studies involving several
concentrated preparations containing bixin and norbixin. The new studies consist
primarily of 28-day and 90-day studies, disposition studies, studies of effects on
microsomal oxidation enzymes and studies of genotoxicity with these formulations,
one study of developmental toxicity and data on the potential allergenicity of
annatto extract.
The pigment content, expressed as bixin and norbixin, of the extracts considered for evaluation is as follows:
Annatto B:

solvent-extracted annatto extract containing 92% pigment, of which
97% was bixin and 1.7% norbixin;
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Annatto C:

solvent-extracted annatto extract containing 91.6% norbixin;

Annatto D:

oil-processed annatto extract containing 10.8% pigment, of which
94% was bixin and 1.7% norbixin;

Annatto E:

aqueous-processed annatto extract containing 26% pigment, of
which 90% was bixin and 4.2% norbixin;

Annatto F:

alkali-processed annatto extract containing 41.5% norbixin;

Annatto G: alkali-processed annatto extract, sodium and potassium salts
containing 17.1% norbixin.
New toxicological data were made available for four of these extracts: annatto
B, C, E and F.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

2.1.1

Absorption, distribution, metabolism and excretion

Preliminary data from studies in rats were reviewed previously by the Committee at its twenty-sixth meeting (Annex 1, references 59, 60). Since then, additional and new information regarding the absorption of bixin and its action on
metabolic enzymes has become available and is described below.
(a)

Published studies in animals
Rats

In studies in rats, Philp (1981) used the same three preparations of bixin as
those administered by van Esch et al. (1959) in long-term feeding tests.
These were:

• OSB, a solution containing 0.1% annatto (0.22% bixin) and thermal degradation products, in vegetable oil;

• R10, a suspension containing 0.02% annatto (mainly bixin, 1.84%), in vegetable oil;

• WSA, a water-soluble preparation containing 0.1% annatto (mainly norbixin,
0.27%).
In a 4-week study, groups of four male and four female Wistar rats were fed
diets containing 0% or 5% of OSB, R10 or WSA. Animals received either: (1) diet
containing annatto extract during the first 2 weeks and normal diet for the second
2 weeks; or (2) normal diet for 2 weeks followed by the diet containing annatto
extract for 2 weeks. In the animals that were killed immediately after receiving
annatto extract for 2 weeks, measurable amounts of yellow pigment were observed
in the blood, but in animals that were killed 2 weeks after treatment with annatto
extract had stopped, only trace amounts were detected. Yellow pigment was also
found in the adipose tissue of animals treated with OSB and R10, but not in animals
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receiving WSA. Chromatographic analysis of these pigments confirmed that they
were not major annatto pigments (bixin or norbixin). There was also a clear difference in the degree of discoloration of the fat in animals killed immediately after
cessation of treatment, compared with that in animals killed 2 weeks after treatment had stopped, indicating that clearance of the pigment was rapid. Faeces were
collected during the second week of treatment and analysed for pigment content.
About 20% of the administered dose of OSB and WSA and about 55% of R10 was
recovered unchanged from the faeces.
In a second series of studies, five groups of four male and four female
Colworth Wistar rats were given large single doses of undiluted OSB (2 ml/kg bw),
R10 (2 ml/kg bw) or WSA (10 ml/kg bw) by gavage. Controls received either water
(10 ml/kg bw) or sunflower oil (2 ml/kg bw). Blood samples taken by cardiac puncture 3 h and 24 h after dosing were analysed for pigment content (Table 1).
The results indicate that the absorption and clearance of the water-soluble
preparation, WSA, is good, while the extracts in vegetable oil are less well
absorbed and are metabolized and excreted more slowly. The low plasma concentrations of R10 are in agreement with the previous finding that high concentrations of unabsorbed pigment are present in the faeces of animals treated with
R10 (Philp, 1981).
(b)

New unpublished studies
Rats

A study in rats treated with single and repeated oral doses of annatto extracts
B, E or F was designed to provide pharmacokinetic data on the absorption, distribution and excretion of bixin and norbixin. The annatto extracts used were from
the same batches as used in the 90-day studies of toxicity, described below. Analysis of the annatto preparations showed that annatto B (solvent-extracted) had a
pigment content of 92%, of which 97% was cis-bixin and 1.7% cis-norbixin; annatto
E (aqueous-processed) had a pigment content of 26%, of which 90% was cis-bixin
and 4% cis-norbixin; Annatto F (alkali processed) had a pigment content of 38%
of which 87% was cis-norbixin and no cis-bixin. Authentic standard samples of
purified bixin and norbixin were also used. Sprague Dawley rats (108 males and

Table 1. Plasma concentration of pigment in rats given a single dose of
annatto extract
Annatto extract

WSA
OSB
R10
From Philp (1981)

Dose (ml/kg bw)

10
2
2

Concentration of pigment in blood
(mg/100 ml)
3 h after dosing

24 h after dosing

270
62
7.5

10
19
1.9
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108 females) strain Crl:CD(SD)IGS BR VAF/plus, with a body-weight range of
180–240 g, were housed either in groups of three in polypropylene cages, or individually in metabolism cages. Food (RM1 diet, SDS UK Ltd) was withheld
overnight, and returned 2 h after dosing; water was available ad libitum throughout the study. Annatto B and annatto E were suspended in corn oil and annatto F
was suspended in 0.5% carboxymethyl cellulose in sterile water. Rats were given
annatto B, E or F by gavage in a single oral dose of 100 mg/kg bw or 1000 mg/kg
bw and killed by exsanguination (three males and three females per dose and per
extract) 2, 4, 8, 12 and 24 h after dosing.
Pooled plasma samples (from animals of the same sex, treated with the same
annatto extract, at the same dose, and killed at the same time; n = 72) were
analysed for bixin and norbixin (cis and trans isomers of both compounds)
using a validated assay. Pharmacokinetic analysis was performed for the major
components.
In addition, urine was collected before and after dosing from animals killed
24 h after dosing, and analysed for bixin and norbixin using the above methodology validated for use in urine. Bone marrow and livers were excised from rats killed
at 4 h and 12 h and analysed for bixin and norbixin using the plasma assay method.
All carcasses and faeces collected from rats killed at 24 h were frozen and stored
in case they should be required for analysis at a future date.
After dosing orally with annatto B at 100 or 1000 mg/kg bw, the following chemical species were present in the plasma of male and female rats: 9¢cis-bixin, transbixin (retention time, 26 min), 9¢cis-norbixin, trans-norbixin, di cis-norbixin and a
norbixin isomer with retention time, 6.8 min. After dosing with annatto E (at both
concentrations), the above isomers plus an additional trans-bixin species with
retention time of 267 min were detected in the plasma of both sexes. In contrast,
after administration of annatto F (at both doses), only the norbixin isomers (9¢cisnorbixin, trans-norbixin, di cis-norbixin and the isomer with a retention time 6.8
minutes) were present in the plasma of male and female rats.
Plasma concentrations of 9¢cis-norbixin were higher than those of 9¢cis-bixin
after the administration of annatto B, E or F, despite the fact that annatto B and E
contain >90% 9¢cis-bixin. The Tmax for the major component in plasma for each
extract in males and females at both doses was 2–4 h; by 12 h, only trace amounts
of bixin remained, although concentrations of norbixin were still measurable at
24 h.
When the oral dose was raised from 100 mg/kg bw to 1000 mg/kg bw,
the plasma concentrations of the major components of annatto B (9¢cis-bixin),
annatto E (9¢cis-bixin) and annatto F (9¢cis-norbixin) were increased, but not
by 10-fold. The peak concentrations of bixin and norbixin in plasma are shown in
Table 2.
The uptake of bixin isomers into liver and bone marrow was examined; the
isomers present in these tissues were consistent with those seen in plasma at
4 h and 12 h for each extract, but the assay method was not validated for
these tissues, so no quantitative conclusions can be drawn (Bowman Research,
2002a).
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Table 2. Pharmacokinetic parameters in Sprague Dawley rats treated orally
with annatto extracts B, E or F
Annatto extract Dose
(major
(mg/kg bw)
component)

Sex

Annatto B
(9’cis-bixin)

Male
Female
Male
Female

100
1000

Annatto E
(9’cis-bixin)

100
1000

Annatto F
(9’cis-norbixin)

100
1000

AUC0–24 ha
(h.ng/ml)

Plasma concentration
Tmax
(h)a

Cmax for bixin
(ng/ml)

Cmax for norbixin
(ng/ml)

845
463
1 158
690

4
4
4
4

190
71
171
106

129
135
481
489

Male
Female
Male
Female

394
710
2 289
2 378

4
4
4
2

88
196
417
448

191
331
1 288
1 945

Male
Female
Male
Female

19 335
60 900
195 552
150 870

2
4
4
2

BLQ
BLQ
BLQ
BLQ

3 838
11 778
26 250
15 522

From Bowman Research (2002a)
AUC0–24 h, area under the curve of concentration–time at 24 h; Tmax,; Cmax, peak plasma
concentration; BLQ, below quantifiable limits (<20 ng/ml)
a
For 9’cis-bixin for annatto B and E, and 9’cis-norbixin for annatto F

Humans
Levy et al. (1997) developed a technique using reversed-phase high-performance liquid chromatography (HPLC) to determine concentrations of bixin and norbixin in human plasma, to a sensitivity of 5 mg/l. After a normal breakfast, seven
male and female volunteers each ingested a single dose of 1 ml of a commercial
annatto food colour containing 16 mg of cis-bixin and approximately 0.5 mg of cisnorbixin in soya bean oil, followed by a glass of milk. Blood samples were taken
0, 2, 4, 6 and 8 h after ingestion; in some subjects, additional samples were taken
after 24 and 48 h. No control of food intake was made after 6 h (Levy et al., 1997).
The average values and range of concentrations of bixin and norbixin in the plasma
of the subjects are shown in Table 3.
2.1.2

Biotransformation

No new information available.
2.1.3

Effects on enzymes

In view of the increase in absolute and/or relative liver weight observed in the
90-day studies of toxicity with annatto extract, it was decided to assay samples
of the liver for CYP (cytochrome P450) enzymes, to determine whether induction
of CYP enymes might account for the increased liver weight. At the termination of
the 90-day studies of toxicity with annatto extracts B, E, and F conducted and
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Table 3. Plasma concentrations of bixin and norbixin in volunteers given a
single dose of commercial annatto food colour
Time after ingestion
(h)

0
2
4
6
8
24

Concentration of bixin
(mg/l)

Concentration of norbixin
(mg/l)

Average

Range

Average

Range

2.9
11.6
10.1
2.8
0.0
0.0

0–11
0–18
2–24
0–9
0–3
—

10.5
48.0
57.8
53.2
28.7
16.1

0–32
3–144
3–97
38–74
7–41
17–20

From Levy et al. (1997)

reported later, liver samples were taken from 10 males and 10 females in the
groups with the highest numbers of animals (Bowman Research, 2002b). Microsomes prepared from these samples were frozen, transported, and analysed for
the expression of CYP apoproteins using highly specialized Western blotting techniques by which levels of specific apoproteins can be assessed (Boobis, 2002).
Total CYP content and the levels of several of the CYP apoproteins were sexually dimorphic. In all cases, the data were consistent with those reported in previous publications. The annatto extracts did not cause an increase in total CYP
content, with the possible exception of annatto E when administered at a high
dose to females; total CYP content in females receiving annatto E at a dose of
1000 mg/kg bw was 1.42 nmol/mg microsomal protein compared with the control
value of 0.96 nmol/mg microsomal protein.
Annatto B and E induced expression of CYP1A2, but not of CYP1A1, suggesting that induction was via an aryl hydrocarbon-independent mechanism. None
of the extracts induced CYP2B1 or CYP2B2, and hence none acted via a phenobarbital-like mechanism. None of the extracts induced CYP2E1 expression.
CYP3A1 was induced by two- to three-fold in some groups, whilst CYP3A2 expression was not affected consistently. In comparison with the positive control (pregnanolone 16a-carbonitrile, PCN), any PCN-type induction by the annatto extracts
was extremely modest.
All three annatto extracts induced the expression of CYP4A (primarily CYP4A2
and CYP4A3), annatto F having the most potent effect. There was an appreciable
difference between the sexes, females exhibiting a much weaker response, consistent with published data. Hepatic microsomal CYP4A was constitutively
expressed in both male and female rats, levels being four to five-fold higher in
males. Annatto F caused a dose-dependent increase in the expression of CYP4A
in males. There was no increase in the expression of CYP4A in the females receiving low doses of annatto F, but in the females receiving high doses, there was
a five to six-fold increase in expression. Similarly, annatto B caused a dosedependent increase in the expression of CYP4A in male rats, whilst any increase
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in females was very modest. The effects of annatto E were less consistent, with
the expression of CYP4A in males increasing by approximately three-fold, apparent only in the group receiving the higher dose. In females, the response was also
not as consistent, but increased expression of CYP4A was observed in groups
receiving both the low dose (approximately three-fold) and the high dose (approximately two-fold). The positive control, clofibric acid, produced the anticipated
increase in the expression of CYP4A. The increases in expression of CYP4A in
male rats after treatment with high doses of the annatto extracts, particularly annatto
F, were similar to those observed after treatment with clofibric acid (Boobis, 2002).
Bixin has also been investigated for its effect on drug-metabolizing enzymes.
A variety of carotenoids were administered to male Wistar rats at a concentration
of 300 mg/kg of diet over a period of 16 days and the activities of a range of
enzymes in the liver, lung, kidney and small intestine were assessed. Control
animals received diet only or the enzyme-inducing agent, 3-methylcholanthrene.
CYP enzyme activity, glutathione-S-transferase and reduced glutathione status,
and carotenoid uptake into the tissues were all assessed. Bixin was shown to
induce expression of the CYP1A1 iso-enzyme in the liver, lung and kidney and, to
a lesser extent, the CYP2B1/2 enzyme in the liver. None of the carotenoids had
detectable effects on intestinal enzymes or on glutathione status (Jewel & O’Brien,
1999).
2.1.4

Pharmacological and other biochemical studies

The pharmacological activity of extracts of the root of Bixa orellana has been
considered in previous evaluations by the Committee. Since then, a few observations have been made concerning the effects of annatto preparations obtained from
the seeds of Bixa orellana on the physiological and biochemical functioning of the
body after administration to animals.
A suspension of the seeds of Bixa orellana in oil, known as “bush tea”, is used
in the West Indies as a folk remedy for the treatment of diabetes mellitus. Preliminary studies in dogs (Morrison & West, 1982) demonstrated that bush tea had significant hypoglycaemic activity. To investigate the mechanism of this effect, the
residue of chloroform-extracted sun-dried seeds of Bixa orellana was dissolved in
either oil (peanut or olive) or 95% ethanol and administered at doses equivalent
to 1 g and 2 g of annatto (100–200 mg/kg bw) by stomach tube to 10 anaesthetized
mongrel dogs of each sex. Six experiments were performed on each animal, to
determine the effect on a 3-h oral glucose tolerance test. Both types of extract (oil
or ethanol) produced a mild suppression of the rate of increase of plasma glucose
at the lower dose, and at the same time depressed plasma insulin concentrations,
but not significantly. At the higher dose, although the oil extract produced hypoglycaemia, the ethanol extract caused a hyperglycaemic effect (Morrison & West,
1985).
In a subsequent study, the ethanol extract previously shown to cause hyperglycaemia was dried to produce a reddish-brown crystalline solid that was redissolved as a neutral aqueous solution. This was then fed to male and female
mongrel dogs each day for a period of 14 days, so that each dog received the
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equivalent of 2 g of the crystalline solid (125–222 mg/kg bw per day). Oral glucose
tolerance tests performed immediately and at weekly intervals, confirmed the
hyperglycaemic action of this extract of annatto, which persisted for 4 weeks after
treatment had ended. Concomitant administration of riboflavin (3 mg per day) to
some animals greatly reduced the hyperglycaemic effect. Examination by electron
microscope of the liver and pancreas of treated animals revealed disarrangement
of internal mitochondrial structure, fusion of mitochondria and formation of a large
number of residual bodies. The apparent stacking of the hepatic mitochondrial
cristae was also a striking feature. Dogs treated additionally with riboflavin exhibited only minimal mitochondrial changes (Morrison et al., 1987).
In a further study in anaesthetized mongrel dogs, an annatto extract (the
residue of chloroform-extracted sun-dried seeds of Bixa orellana dissolved in 95%
ethanol) purified by column chromatography was monitored for biological activity
using the oral glucose tolerance test. This revealed that the active constituent
responsible for the hyperglycaemic action was the methyl ester trans-bixin (relative molecular mass, 394). As little as 0.8 g of the purified methyl ester trans-bixin,
equal to 60 mg/kg bw per day, produced a sustained hyperglycaemia, similar to that
seen with 15 g of the crude extract. The purified material also caused mitochondrial damage in the liver and pancreas but, as with the crude extract, pretreatment
of the dogs with riboflavin a few days before the trans-bixin was administered
resulted in little or no damage (Morrison et al., 1991).
This hyperglycaemic activity has been confirmed in rats, but an hypoglycaemic
effect has been reported in a study in mice. The authors showed that when rats
were given norbixin in their drinking-water for 21 days, hyperglycaemia ranging
from 26.9–52.6% (at a dose of 8.5 and 74 mg/kg bw, respectively) above control
values (p < 0.01) was observed. On the other hand, in mice given norbixin, hypoglycaemia ranging from 14.4–21.5% (at doses of 0.8 and 66 mg/kg bw, respectively)
below control values was observed. The pancreatic b-cells were functional, as indicated by the presence of hyperinsulinaemia in rats and hypoinsulinaemia in mice
treated in this way (Fernandes et al., 2002).
Together with 16 other Guatemalan medicinal plants, Bixa orellana was investigated for ability to prevent platelet aggregation. Bixa orellana, and a number of
traditional remedies, inhibited the thrombin-induced aggregation of washed human
platelets (Villar et al., 1997).
A number of food colours, including bixin, have been shown to inhibit the production in vitro of immunoglobulin E (IgE) by rat spleen lymphocytes, at doses of
10 and 1 mmol/l. Variable effects were seen on the production of immunoglobulin
G (IgG) and immunoglobulin M (IgM), depending on the dose, but water-soluble
colourings enhanced the production of IgM at concentrations as low as 1 mmol/l.
The authors concluded that these food colours might regulate the production of
immunoglobulins (Kuramoto et al., 1996).
Bixin, together with other carotenoids such as b-carotene, lutein and canthaxanthin, has been shown to suppress the respiratory burst induced by paramethoxyamphetamine (PMA) in rat peritoneal macrophages (Zhao et al., 1998).
The action appears to be associated with the ability of carotenoids to scavenge
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superoxide, and the authors suggested a protective role for carotenoids in vivo to
protect host cells from the harmful effects of oxygen metabolites (see section
2.2.4). Earlier work showed that bixin binds to the non-polar regions of mitochondria thought to be associated with high-energy states (Inada et al., 1971). Furthermore, bixin acts as an inhibitor of the ATP-forming process (state 3) associated
with mitochondrial respiration (Hirose et al., 1972).
The effects of annatto on cellular enzymes and metabolites in the rat have also
been investigated as part of a wider investigation of synthetic and natural food
colours, in an attempt to provide a simple diagnostic test for toxicological damage.
Four groups of eight male albino rats were used for the part of the study concerning annatto. Group 1 served as a control, group 2 was given annatto in a single
dose of 800 mg/kg of diet, equivalent to approximately 80 mg/kg bw, and groups 3
and 4 were given 400 mg/kg of diet, equivalent to approximately 40 mg/kg bw, for
3 weeks. Animals in groups 2 and 3 were killed by decapitation 24 h after the last
dose, while the animals in group 4 were killed 1 week after the cessation of treatment. Brain, liver and kidneys were removed from all animals, and cytoplasm and
mitochondria were prepared for measurement of the activities of glucose-6phosphate dehydrogenase (G-6-PD) and 6-phosphogluconate dehydrogenase (6PGD). These enzymes were selected because of their key role in DNA and RNA
synthesis. Annatto produced a minimal rise in the activity of these enzymes, mainly
in the liver, and consistently less than that produced by synthetic food colours such
as tartrazine, carmoisine and sunset yellow. In group 4, in which treatment had
been stopped for a week before killing, the enzyme activities had returned to
normal. It was noted that these effects could be a result of metabolism of the colour
within the body (Hamama et al., 1987).
In a second study of identical design in male rats, annatto produced a slight
increase in ATP and decreases in ADP and AMP in the brain, liver and kidney. As
previously, these effects were much smaller than those seen with synthetic food
colours, and normal values rapidly returned after treatment was stopped (Hamama
et al., 1991).
2.2

Toxicological studies

2.2.1

Acute toxicity

Studies of acute toxicity in rats and mice were reported previously (Annex 1,
references 35, 60). More recently, Germano et al. (1997) showed good cutaneous
tolerability (as shown by histological examination of skin and hair) of extracts of
Bixa orellana, after single or repeated application to the skin of rabbits, although
these studies are not relevant for oral food use. The acute toxicity of annatto when
administered orally is low.
2.2.2

Short-term studies of toxicity

Studies of toxicity in mice, rats, dogs and pigs have been previously reported;
the results for all four species were discussed in the previous evaluations by the
Committee. Relevant results are summarized below, together with the results of
new studies.
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(a)

Previously considered studies
Mouse

In a recent study, pure norbixin or annatto extract containing 50% norbixin was
given for 21 days at a dose of 0.8, 7.6, 66 or 274 mg/kg bw. Norbixin induced an
increase in plasma alanine aminotransferase (ALT) while both norbixin and annatto
induced a decrease in plasma total protein and globulins (p < 0.05). No signs of
toxicity were detected by histopathological analysis of the liver, and no enhancement in DNA strand breakage was detected in liver or kidney from mice treated
with annatto pigments, as evaluated by the comet assay. Hypoglycaemia was
induced in the mice as discussed in section 2.1.4 (Fernandes et al., 2002).
Rats
Five groups of six male and six female Wistar rats received diets containing
three annatto preparations, either singly or in combination, as follows:

• Control

Purified diet

0% bixin

• OSB

0.1% solution of annatto in vegetable oil

0.22% bixin

• R10

0.02% suspension of annatto in vegetable oil

1.84% bixin

• WSA

0.1% water soluble preparation of annatto

0.27% norbixin

• Combined

0.1% OSB, 0.02% R10 and 0.1% WSA

2.33% norbixin/
bixin

The rats were killed during weeks 48–52 of treatment and were fed with control
diet during the 24 h before death. Liver, kidneys and abdominal adipose tissue
were removed at postmortem, weighed, examined (gross appearance only) and
subjected to an extraction procedure to identify the presence of annatto pigments.
Body weights and food intakes were similar in all treatment groups and not significantly different from those of the control group. The appearances and weights
of organs and tissues showed that the animals were in good health, with no differences between the groups. Analysis of the extracts of liver, kidney, adipose
tissue and carcass failed to reveal the presence of annatto pigments (Philp, 1981).
In more recent studies, a similar absence of toxicity was observed when rats
were given drinking-water containing either annatto extract consisting of 50% norbixin (at a dose of 0.8, 7.5 or 68 mg/kg bw per day) or pure norbixin (at a dose of
0.8, 8.5 or 74 mg/kg bw per day) was for 21 days. No toxic effects on plasma clinical chemistry parameters were detected. A significant hyperglycaemic effect was
reported (in contrast to the hypoglycaemia reported in mice); this is discussed in
section 2.1.4 (Fernandes et al., 2002).
(b)

New unpublished short-term studies of toxicity in rats
(i)

28-day study of toxicity with annatto extracts B, D, E, F and G

In a 28-day study of palatability, groups of five males and five females were
fed diets containing varying amounts of annatto extract. Body weights were
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recorded twice weekly and food intakes were measured weekly. After 28 days of
treatment, the animals were killed and subjected to full postmortem examination,
major organs were weighed and tissues were fixed for histological examination.
It was concluded that annatto B was well tolerated in the diet at concentrations
of up to 50 000 ppm; no dose-related absolute or relative organ weight changes
were observed, but macroscopic examination revealed orange coloration of the
gastrointestinal tract. At the highest dose, orange coloration of the mesentery was
observed in a few animals.
Annatto D was well tolerated in the diet at concentrations of up to 11 000 ppm.
Increases in concentration up to 22 000 ppm were less well accepted and there
was a suggestion that gradual increase in dosage was better tolerated than abrupt
introduction of a high dose. An increase in relative liver weights was recorded for
all treated males compared with their respective controls, but only in females
treated with up to 22 000 ppm. Microscopic examination of the livers of rats in the
control group and of males treated with annatto D at up to 16 500 ppm revealed
minor periacinar hepatocyte hypertrophy in 4/5 treated males. Macroscopic examination again revealed orange coloration of the tongue and gastrointestinal tract in
the majority of the treated animals. In addition, the mesentery tissue was stained
orange in several of the treated animals.
Annatto E at concentrations of up to and including 40 000 ppm was found to be
acceptable to the animals. However, increased relative liver weights were seen
in all treated animals. Microscopic examination of the livers revealed diffuse
and periacinar hepatocyte hypertrophy in rats treated with 20 000–30 000 ppm or
20 000–40 000 ppm over the period of study. Again, orange staining of the tongue
and gastrointestinal tract was reported for all animals receiving annatto E. The
majority of the treated animals had orange staining of the mesentery.
Treatment with annatto F resulted in orange coloration of the tongue and gastrointestinal tract in the majority of the animals and of the mesentery in a few
animals. The most significant finding in this study was the increased relative liver
weight seen in all groups treated with annatto F (at concentrations ranging from
7000 to 20 000 ppm).
Animals treated with annatto G showed similar orange coloration of the tongue
and gastrointestinal tract to that in animals treated with annatto F. Increased liver
weights, accompanied by periacinar to diffuse hepatocytic hypertrophy, were
noticed at all concentrations (7000–30 000 ppm) and concentrations of
>15 000 ppm were less well tolerated (Huntingdon Life Sciences Ltd, 2000a, 2000b,
2001a–c).
(ii)

90-day study of toxicity with annatto extracts B, C, E and F

The four materials tested comprised two preparations of bixin (annatto B and
annatto E) and of norbixin (annatto C and annatto F), one with an high pigment
content and one with a lower pigment content. Preparations of annatto B, E and
F were investigated in the same laboratory in compliance with good laboratory
practice (GLP), including quality assurance audit, and the study designs met the
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requirements of Japan, the United States Food & Drug Administration and the
European Union. In addition, a functional observational battery of tests was performed on animals fed with annatto B and F. As the sample of annatto B used in
the 28-day study contained high levels of residual solvent, a new sample of annatto
B was obtained from the manufacturers. The samples of annatto E and annatto F
used in the 90-day studies were from the same stock as that used in the 28-day
studies.
Annatto B
Four groups of 20 male and 20 female rats (Crl: CD (SD) IGS BR VAF/Plus),
aged 5 weeks received diets containing annatto B at a concentration of 0, 5000,
16 000 or 50 000 ppm for 90 days. Group mean achieved actual dosages over
period of treatment were 407, 1311 or 4201 mg/kg bw per day for males in each
group, respectively, and 449, 1446 or 4507 mg/kg bw per day for the equivalent
groups of females. Since annatto B contained 92% bixin, these achieved doses of
annatto B correspond to doses of bixin of 374, 1206 or 3865 mg/kg bw for males
and 413, 1330 or 4146 mg/kg bw for females.
There was no overall significant effect on body-weight gain in either the males
or females. Neither was there any effect of treatment on food consumption (which
was within 3% of control values overall) or on food conversion efficiency. The functional observational battery tests revealed no treatment-related effects on behavioural, motor or neurological activity. Ophthalmoscopic examinations revealed no
abnormalities.
Haematological investigations revealed no findings that were clearly related to
treatment. Raised lymphocyte counts (9.28 ± 1.64 compared with 7.30 ± 1.72 ¥
109/l in controls) were noted for males receiving annatto B at 50 000 ppm; however,
although the change was statistically significant, the change was minor, was not
seen in females, and no dose–response relationship was observed.
When compared with the controls, statistically but not biologically significant
elevations were seen in plasma concentrations of phosphorus (2.17 compared with
1.97 mmol/l) in males at 50 000 ppm, in plasma concentrations of potassium in
females at 16 000 or 50 000 ppm, and in plasma concentrations of glucose in
females at 50 000 ppm.
The activities of alanine and aspartate amino-transferase were significantly
raised in 2/10 and 3/10 females receiving annatto B at a concentration of 16 000
or 50 000 ppm, respectively. This effect was not seen in males. These findings were
not accompanied by histopathological evidence of liver damage and were considered by the author to be of only minor importance in the evaluation of the toxicity
of annatto B.
Minor statistically significant variations in albumin:globulin ratios were
observed, but these were not dose-related, and were not considered to be toxicologically significant.
Significantly raised concentrations of protein were recorded in urine samples
obtained from males receiving annatto B at a concentration of 50 000 ppm. Micro-
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scopic examination of the urine sediment revealed the presence of “crystals with
a red sediment on top” for one female at 5000 ppm and two males at 16 000 ppm.
In another female at 5000 ppm and in three males and four females at 50 000 ppm,
patches of red staining were seen on the microscope slides. These presumably
reflect the dark colour of the annatto extract.
Analysis of the data on organ weights revealed a slight but significant increase
in relative (but not absolute) liver weights for males (9% increase) and females
(6% increase) receiving annatto B at a concentration of 50 000 ppm, when compared with controls. These increases were not associated with any histopathological findings. No other effects on absolute or relative organ weights were observed.
Microscopic examination revealed no findings that were related to treatment
with annatto B.
The NOEL for annatto B was 16 ppm, equivalent to an overall achieved dosage
of 1311 mg/kg bw per day (1206 mg/kg bw per day expressed as bixin) in the males,
and 1446 mg/kg bw per day (1330 mg/kg bw per day expressed as bixin) in the
females (Huntingdon Life Sciences Ltd, 2002a).
Annatto E
Four groups of the same strain of rats received diets containing annatto E at
a concentration of 0, 3000, 10 000 or 30 000 ppm for 90 days. Group mean
achieved actual dosages over the period of treatment were 224, 734 or 2204 mg/kg
bw per day for males receiving 3000, 10 000 or 30 000 ppm, respectively, and 238,
801 or 2398 mg/kg bw per day for the corresponding groups of females. Since
annatto E contains 26% bixin, the corresponding doses of bixin were 58, 191 and
573 mg/kg bw for males and 62, 208 and 623 mg/kg bw for females.
The administration of annatto E produced a number of treatment-related
changes, particularly in the groups receiving the highest dose. At the intermediate
dose, a reduced body-weight gain in the absence of any effect on food conversion
efficiency in the females was most likely to have been caused by an effect of the
palatability of the diet on food intake.
Increased liver weights seen in many of the treated animals, with the exception of females at 3000 ppm, were associated with slight adaptive centrilobular
hepatocyte hypertrophy; no clear signs of liver pathology were noticed.
Thyroid follicular cell hypertrophy was present in some animals receiving
annatto E at a concentration of 30 000 ppm.
Raised plasma concentrations of creatinine were seen in all females treated
with annatto E and in males at 30 000 ppm. A slight increase in the weight of the
kidney relative to body weight was seen in the females at the highest concentration. Raised plasma concentrations of phosphorus seen in males and females at
the highest concentrationof annatto E may indicate a reduction in the rate of
glomerular filtration.
The no-observed-adverse-effect level (NOAEL) for both sexes can be considered to be the intermediate concentration of 10 000 ppm in the diet. This is equiv-
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alent to an intake of annatto E of 734 mg/kg bw per day for males and 801 mg/kg
bw per day for females. As annatto E contains 26% bixin, these NOAELs correspond to a bixin intake of 191 and 201 mg/kg bw per day in males and females
respectively (Huntingdon Life Sciences Ltd, 2002b).
Annatto F
Four groups of the same strain of rats received diets containing annatto F at
a concentration of 0, 1000, 3000 or 9000 ppm for 90 days. Group mean achieved
actual dosages were 79, 240 or 753 mg/kg bw per day for the groups of males
receiving 1000, 3000 or 9000 ppm, respectively, and 86, 275 or 816 mg/kg bw per
day for the equivalent groups of females. Since annatto F contains 38.4% norbixin,
these dosages correspond to an intake of norbixin of 30, 92 or 289 mg/kg bw for
males and 33, 106 or 313 mg/kg bw for females.
The administration of annatto F did not result in any treatment-related deaths.
Transitory reductions in body weight and food consumption were noticed in males
receiving the highest dose of annatto F in the first weeks of the experiment. The
functional observational battery tests revealed no evidence of behavioural, motoror neurotoxicity, and ophthalmoscopic examination did not indicate the presence
of any treatment-related lesions.
Slightly (but statistically significant) low erythrocyte volume fractions, concentrations of haemoglobin, red blood cell counts and mean cell volumes were apparent
for females at 3000 or 9000 ppm, suggesting slight anaemia caused by annatto F.
In the animals receiving annatto F at a concentration of 9000 ppm, significantly
increased activity of alkaline phosphatase was reported in males, with activity of
alanine amino-transferase also being increased in two of these males. Concentrations of urea, creatinine, glucose, triglyceride and albumin were raised in males
and females at 9000 ppm. Concentrations of total protein were raised in females.
Reduced concentrations of a-1-globulin and b-globulin were noticed in males,
but concentrations of a-1-globulin were raised in females. The albumin:globulin
ratio in males was increased. At 3000 ppm, total protein and concentrations of
albumin were significantly raised in females, whereas the concentration of bglobulin and the albumin:globulin ratio were increased in males. The plasma
obtained from all treated animals had a definite yellow coloration, which was presumably norbixin.
A very marked increase in absolute and relative liver weights were seen in
males treated with annatto F at a concentration of 9000 ppm and in females at
3000 and 9000 ppm. In females at 1000 ppm, only slight, although statistically significant, increases were noted. No changes were found microscopically, except in
animals receiving a concentration of 1000 ppm, in which these changes were associated with centrilobular hepatocyte hypertrophy. The hypertrophy observed after
90 days of treatment was no greater than that observed after 28 days of treatment
in the study on annatto F reported above.
The weight of the kidney was slightly increased in males and females at
9000 ppm and in males at 3000 ppm. Plasma concentrations of creatinine were

ANNATTO EXTRACTS

29

raised in animals receiving annatto F at a concentration of 3000 or 9000 ppm, and
concentrations of urea were raised in males and females at 9000 ppm.
The NOAEL for annatto F was 1000 ppm, this corresponds to to an overall
achieved dosage of 79 mg/kg bw per day for males and 86 mg/kg bw per day for
females, corresponding to an intake of norbixin of 30 mg/kg bw for males and
33 mg/kg bw for females (San-Ei F.F.I Inc., 2002a).
(iii)

Two-week study to electronmicroscopically characterize liver
cell hypertrophy caused by annatto C

Male Crj: CD (SD) IGS rats received diets containing annatto C at a concentration of 0 (one animal) and 9000 ppm (three animals) for 2 weeks. Absolute and
relative liver weights were increased and mild hypertrophy and mild necrosis of
hepatocytes were noticed on histopathological examination of rats treated with
annatto C. Electron microscopic examination revealed an abundance of mitochrondia in the cytoplasm of hepatocytes of the treated animals. It was concluded that
the hypertrophy of hepatocytes was linked to the increase of cytoplasmic mitochondria (San-Ei F.F.I Inc., 2002c).
(iv)

90-day study of toxicity with repeated doses of annatto C

A 90-day study of toxicity with repeated doses of annatto C was carried out in
Japan in compliance with GLP and the Guidelines For Designation of Food Additives and For Revision of Standards For Use of Food Additives of the Japanese
Ministry of Health and Welfare. Four groups of 10 male and 10 female (Crj: CD
(SD) IGS) rats were given diets containing annatto C at a concentration of 0, 1000,
3000 or 9000 ppm for 90 days. The overall intakes of annatto C were 69, 204 or
598 mg/kg bw for males and 76, 242 or 735 mg/kg bw for females, corresponding
to an intake of norbixin of 63, 187 or 548 mg/kg bw per day for males, and 70, 222
or 673 mg/kg bw per day for females in the groups receiving low, intermediate and
high doses respectively.
There was no effect on body weight or food intake, and no changes in haematology parameters. Changes in clinical chemistry parameters were observed in
animals at the highest dose and, to a minor degree, at the intermediate dose.
Increased absolute and relative liver weights were observed in animals of each
sex in the groups receiving the two higher doses, and this was accompanied by
hepatocyte hypertrophy in animals in these groups and focal necrosis in one male
and one female in the groups receiving the highest dose. A small increase in kidney
weight in each sex at the highest dose was not accompanied by any histopathological changes and may reflect a physiological response to the extra metabolic
load imposed by the annatto extract. The lowest concentration of 1000 ppm, equivalent to an intake of annatto C of 69 and 76 mg/kg bw per day, or an intake of norbixin of 63 and 70 mg/kg bw, for males and females, respectively, can be
considered to be the NOEL (San-Ei F.F.I Inc., 2002a).
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Long-term studies of toxicity and carcinogenicity

Three studies in mice and three studies in rats were previously submitted for
evaluation. No new studies have become available. No separate studies of carcinogenicity, other than those submitted for previous evaluations, have been
conducted.
2.2.4

Genotoxicity

Studies previously reported showed that annatto preparations to have no effect
in three standard tests for mutagenicity (Lück & Rickerl, 1960; Haveland-Smith,
1981). Studies reported since then are described in Table 4.
No mutagenic activity was reported in silk worms treated with water-soluble
annatto (Kawachi et al., 1980, 1981). Using extracts similar to those used in the
test for dominant-lethal mutations reported above, Aranez & Rubio (1996) showed
that chloroform extracts and petroleum extracts of the ripe seeds of Bixa orellana
were genotoxic in dividing onion cells as shown by a significantly lower mitotic
index value when compared with controls treated with dimethylsulfoxide (DMSO).
On the other hand, the petroleum ether extract made from the residue of chloroform extraction did not cause more mitotic aberrations, although in the test for dominant-lethal mutations it was more genotoxic. A test for genotoxicity has also been
carried out in Drosophila (Banzon & Aranez, 1984). Treatment with crude chloroform extract and the petroleum preparation produced significant increases in the
number of flies with wing abnormalities, whereas the residue from the petroleum
preparation did not.
In summary, the majority of data from tests with annatto extracts in bacteria
have not shown evidence of genotoxic activity in vitro. Some weak positive findings at doses at which precipation was observed have been noticed, but only in
the absence of metabolic activation. There were no significant responses in the
presence of metabolic activation. The genotoxic activity would appear, therefore,
not to be caused by bixin or norbixin, but by a non-coloured component of these
samples, the concentration of which continues to increase in the culture medium
at doses at which the colour component(s) precipitate. Indeed, if the normal high
dose limitation had been exercized in the tests for mutagenicity in bacteria, then
no mutagenic activity would have been found; doses well in excess of those at
which precipitation first occurred were necessary in order to produce a significant
response.
The results of tests for genotoxicity in mammalian cells in vitro are of a different complexity that is not so readily open to explanation. The closest concordance
of the results of these tests is with annatto F, which was very weakly active in
mouse lymphoma cells and inactive in Chinese hamster ovary cells. For annatto
E and annatto F, however, there is a disparity in that the mutagenic activity of these
extracts was expressed only in the absence of metabolic activation from S9 mix
in mouse lymphoma cells, whereas in Chinese hamster ovary cells annatto E was
clastogenic only in the presence of metabolic activation, but annatto F gave negative results at toxic doses. In addition, annatto B, which gave negative results in

Reverse
mutationa
Reverse
mutationa

Mutation
Reverse
mutationa

Reverse
mutation
Reverse
mutationa
Reverse
mutationa
Reverse
mutationa

In vitro
Rec assay for
DNA damage
Rec Assaya

End-point

?
Up to 1 mg/ml
Up to 1 mg/ml
0.4 mg/plate
10 mg/plate

?
Up to 5 mg/plate

WSA

WSA

Sodium salt,
potassium salt

Bixin
Annatto B

S. typhimurium
TA98, TA100
S. typhimurium
TA1538
E. coli
WP2 uvrA
S. typhimurium
TA92, TA94,
TA98, TA100,
TA1535, TA1537
S. cerevisiae
S. typhimurium
TA98, TA100,
TA102, TA104
TA1535, TA1537
E. coli
WP2 uvrA
S. typhimurium
TA98, TA100,
TA102, TA104
TA1535, TA1537
Up to 5 mg/plate
Up to 5 mg/plate

Annatto B

Annatto E

Up to 1 mg/ml

Food grade
annatto
WSA

B. subtilus

?

Concentration

WSA

Annatto
extract

B. subtilus

Test object

Table 4. Results of assays for genotoxicity with annatto extracts

Negative
(Equivocal TA100,
TA104 +S9)
(Weakly positive
TA100 and equivocal
E.coli -S9)

Negative

Negative
Negative
(TA100 weakly
positive -S9)

Negative
Negative

Negative

Equivocal (TA100)
Negative (TA98)
Negative

Negative

Negative

Results

Inveresk 20073 (2001b)

Inveresk 20072 (2001a)

Murthy (1979)
Inveresk 20072 (2001a)

Ishidate et al. (1984)

Haveland-Smith (1981)

Kawachi et al. (1980;
1981)
Haveland-Smith (1981)

Kawachi et al. (1980;
1981)
Haveland-Smith (1981)

Reference
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E. coli
WP2 uvrA
S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA 1538
E. coli
WP2 uvrA
S. typhimurium
TA98, TA100,
TA102, TA104
TA1535, TA1537

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA 1538
E. coli
WP2 uvrA
E. coli
WP2 uvrA
S. typhimurium
TA98, TA100,
TA102, TA104
TA1535, TA1537
E. coli
WP2 uvrA

Reverse
mutationa
Reverse
mutationa

Reverse
mutationa

Reverse
mutationa

Reverse
mutationa
Reverse
mutationa
Reverse
mutationa

Reverse
mutationa
Reverse
mutationa

Test object

End-point

Table 4. (contd)

Up to 10 mg/plate
Up to 5 mg/plate
Up to 5 mg/plate

Up to 5 mg/plate

Annatto F

Bixin 100%

Bixin 100%

Up to 5 mg/plate

Annatto F

Annatto F

Up to 10 mg/plate

Annatto C

Up to 10 mg/plate

Up to 10 mg/plate

Annatto C

Annatto F

Up to 5 mg/plate

Concentration

Annatto E

Annatto
extract

Negative

Negative

Negative

Negative

TA102, TA104
equivocal +S9
TA104 equivocal -S9
Negative (TA100
weakly positive ± S9)

Negative (TA100
weakly positive -S9)

Negative

Negative

Negative

Results

Inveresk 20075 (2001d)

Inveresk 20075 (2001d)

San-Ei Gen F.F.I Inc.
(2002b)
Inveresk 20074 (2001c)

San-Ei Gen F.F.I Inc.
(2002b)

San-Ei Gen F.F.I Inc.
(2002b)
Inveresk 20074 (2001c)

San-Ei Gen F.F.I Inc.
(2002b)

Inveresk 20073 (2001b)

Reference
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S. typhimurium
TA98, TA100,
TA102, TA104
TA1535, TA1537
E. coli
WP2 uvrA
Comet assay

Reverse
mutationa

Chinese hamster
lung cells

Chinese hamster
ovary cells

Chinese hamster
ovary cells

Chromosomal
aberrationa

Chromosomal
aberrationa

Chromosomal
aberrationa

Chromosomal
aberrationb

Cell mutationa

Cell mutationa

Mouse lymphoma
L5178y Tk+/- locus
Mouse lymphoma
L5178y Tk+/locus
Mouse lymphoma
L5178y Tk+/locus
Human and
hamster cells

Cell mutationa

Reverse
mutationa
DNA damage

Test object

End-point

Table 4. (contd)

Annatto E

Up to 100 mg/ml

Up to 1 mg/ml

10 mg/ml

Potassium
salt

Annatto B

25 mg/ml

?

Up to 100 mg/ml

Up to 125 mg/ml

Sodium salt

WSA

Annatto F

Annatto E

Negative 48 h
(equivocal 24 h
sodium salt -S9)
Negative at 24 h
and 48 h
Weakly positive at
toxic concentration
± S9
Positive at toxic
concentration +S9)

Negative (weakly
positive at toxic
dose -S9)
Negative (weakly
positive at toxic
dose -S9)
Negative

Negative

Negative

Up to 450 mmol/l, 2 h
Up to 28 mg/ml

Negative

Up to 5 mg/plate

Norbixin
99%
Norbixin
98%
Annatto B

Negative

Results

Up to 5 mg/plate

Concentration

Norbixin
99%

Annatto
extract

Inveresk 19920 (2001g)

Inveresk 19870 (2001f)

Ishidate et al. (1981)

Sasaki et al. (1980)

Kawachi (1980; 1981)

Inveresk 19929 (2001k)

Inveresk 19928 (2001j)

Inveresk 19767 (2001i)

Kovary et al. (2001)

Inveresk 20076 (2001e)

Inveresk 20076 (2001e)

Reference
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Chloroform
extract
Ether extract
Annatto B

Mouse
erythrocytes

Mouse bone
marrow

Mouse bone
marrow

Mouse bone
marrow

Mouse

Mouse

Micronucleus
formation

Micronucleus
formation

Micronucleus
formation

Dominant
lethal mutation

DNA
damage

56 351 mg/kg bw
0, 8, 76, 66,
274 mg/kg bw

Up to 2000 mg/kg bw
at 0 and 24 h, 48 h
sampling
Up to 2000 mg/kg bw
at 0 and 24 h, 48 h
sampling
Up to 1200 mg/kg bw
at 0 and 24 h, 48 h
sampling
200/400 mg/kg bw

125/300 mg/kg bw
125/300 mg/kg bw

?

Up to 1 mg/ml

Concentration

S9, 9000 ¥ g supernatant of rat liver homogenate
a
In the presence and absence of metabolic activation from S9
b
Absence of metabolic activation from S9
c
Vehicle only (dimethylsulfoxide, DMSO) also gave positive results

Atsuete,
Annatto
extract,
chloroform
and ether
extract
Annatto (50%
norbixin)
Norbixin

Annatto F

Annatto E

WSA

Annatto F

Rat bone marrow

Chinese hamster
ovary cells

Chromosomal
aberrationa

Annatto
extract

In vivo
Chromosomal
aberration
Micronucleus
formation

Test object

End-point

Table 4. (contd)

Fernandes (2002)

Aranez & Bayot (1997)

Positivec

Negative
Negative

Inveresk 21979 (2002c)

Inveresk 21846 (2002b)

Inveresk 21816 (2002a)

Kawachi et al. (1980;
1981)
Banzon & Aranez (1984)

Inveresk 19988 (2001h)

Reference

Negative

Negative

Positive
Negative

Positive

Negative

Negative

Results
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the mouse lymphoma cells, was clastogenic and induced endoreduplication in the
absence of metabolic activation, again at toxic doses. While no persuasive explanation is forthcoming to account for these differences, it is possible that the weakness and the variability of the effects may play a role.
Since the effects observed in the tests in mammalian cells in vitro occurred at
much lower exposures than those which produced mutations in bacteria, it cannot
be presumed that the same moiety of the test material is involved in assays in
mammalian cells versus assays in bacteria. Such incongruity can frequently result
when a complex mixture is tested. The experimental data may indicate that the
activities observed in the assay in mouse lymphoma cells were not caused by
cis-bixin.
The only studies which show positive results in vivo can be criticized both from
the point of view of methodology and for the fact that the extracts tested were
made using solvents which are not permitted for the preparation of annatto extracts
for food use. Recent unpublished data indicate that in the test for formation of
micronuclei in mouse bone marrow, none of the annatto samples B, E or F demonstrated any potential to cause genetic damage.
2.2.5

Reproductive toxicity
(a)

Multigeneration studies

Three-generation studies in rats were previously reported to the Committee.
(b)

Developmental toxicity

In a study of developmental toxicity in rats, an annatto extract with a bixin
content of 28% was administered by gavage to groups of 16–27 female Wistar
rats at a dose of 0, 31.2, 62.5, 125, 250 or 500 mg/kg bw per day on days 6–15 of
gestation. The annatto extract was neither maternally toxic or embryotoxic. Caesarean sections were performed on day 21; implantations, living and dead fetuses
and resorptions were recorded. Fetuses were weighed and examined for externally visible abnormalities. One-third of the fetuses in each litter were examined
for visceral abnormalities using a microsectioning technique. The remaining
fetuses were cleared and stained with alizarin red S for skeletal evaluation. No
adverse effects of the annatto extract on the dams were noted; there was no
increase in embryolethality and no reduction in fetal body weight. Furthermore, the
annatto extract did not induce any increase in the incidence of externally visible
visceral, or skeletal abnormalities in the exposed offspring. The NOAEL for annatto
extract in this study was 500 mg/kg bw per day, the highest dose tested, equivalent to an intake of bixin of 140 mg/kg bw per day (Paumgartten et al., 2002).
2.2.6

Special studies
(a)

Cancer promotion

In an unpublished bioassay for medium-term liver carcinogenesis in rats,
diets containing annatto C (87.3% norbixin) at a concentration of 0, 300, 1000 or
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3000 ppm (0, 20, 66 or 200 mg/kg bw, respectively) to male F344/DuCrj rats that
had been treated previously with a single dose of N-nitrosodiethylamine (DEN) of
200 mg/kg bw, given intraperitoneally. As a positive control, phenobarbital sodium
was given at a concentration of 500 ppm in the diet. Three groups of animals given
diets containing annatto C at a concentration of 0, or 3000 ppm, or phenobarbital
sodium at 500 ppm were not treated with DEN and served as controls. All groups
were given the treated diet for 6 weeks. Partial hepatectomy was performed during
week 3. The experiment was ended after 8 weeks. Body weights and food and
water consumption in animals treated with annatto C did not differ from those of
controls. Absolute and relative liver weights were significantly increased in the
animals receiving annatto C at 1000 and 3000 ppm. Treatment with annatto C did
not increase the quantitative values measured for liver cell foci observed to be positive for glutathione S-transferase placental form (GST-P) after DEN initiation, in
contrast to treatment with phenobarbital sodium in the group of positive controls.
These results indicate that annatto C lacks modifying potential for liver carcinogenesis in this test system (San-Ei F.F.I Inc., 2002d).
(b)

Anti-genotoxic activity

A number of studies have been carried out to look at the possible anti-mutagenic action of carotenoids, including bixin, and their protective role in preventing
cell damage induced by radiation or chemicals. For example, some studies have
shown that bixin can provide protection against chromosomal damage induced by
irradiation in rats (Thresiamma et al., 1996, 1997, 1998) and can also inhibit the
mutagenic activity of hydrogen peroxide (H2O2) in Salmonella typhimurium strain
TA102 (Kovary et al., 2001). In a model designed to investigate the anti-genotoxic
potential of norbixin, Kovary and colleagues (2001) also exposed Balb/c fibroblasts to H2O2 and evaluated DNA strand breakage. Prior incubation with norbixin
showed firstly that norbixin alone was not genotoxic, secondly, that in concentrations of up to 50 mmol/l, norbixin reduced oxidative DNA damage in a manner that
was inversely related to concentration and, finally, at higher concentrations it
enhanced the damage induced by H2O2.
Finally, annatto extract (30% bixin) was studied for its possible mutagenicity
and antimutagenicity in a test for formation of micronuclei in mice (Alves de Lima
et al., 2003).
No increase in frequencies of micronucleated polychromatic erythrocytes was
seen when mice were given diets containing annatto extract at a concentration of
1330, 5330 or 10 670 ppm (90, 360 and 470 mg/kg bw respectively) for 7 days.
When annatto extract was given for 7 days at these concentrations, together with
cyclophosphamide on day 7, no interference with the mutagenic action of
cyclophosphamide was seen at the two lower concentrations. At the highest dose,
however, the frequency of micronucleated polychromatic erythrocytes was
increased. The authors suggested that at the highest dose, annatto extract might
enhance the formation of the active metabolite of cyclophosphamide.
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Observation in humans: allergenicity

Annatto has been implicated as a cause of allergic reactions, these reactions
generally taking the form of angioedema, urticaria or eczema, although one case
of anaphylaxis has been documented. In well-controlled trials, the incidence of
allergic reactions to annatto is small. Since annatto has been given in combination with other food colourings, it is not always possible to know whether the
observed effects are caused by annatto or by one of the other ingredients or
colours in the material used for the challenge.
For example, when 56 patients who had previously suffered from chronic
urticaria and angioedema were given a gelatin capsule containing 25 ml of an
extract of annatto (the amount of annatto contained in 25 g of butter), 27% of the
patients revealed symptoms of urticaria and angioedema. This trial however was
not double-blind, did not include placebo controls, and some patients had symptoms on entering the study (Mikkelsen et al., 1978).
In a study of 330 patients (121 men, 209 women) suffering from urticaria and
angioedema, various potentially allergenic substances were administered in an
attempt to diagnose the cause of these conditions. There were no placebo controls and the study was not double-blind. One hundred and twelve patients
received annatto extract (5 mg or 10 mg); of these, 10% showed a positive reaction, 14% showed an uncertain reaction, while the remainder showed negative
reactions (Juhlin, 1981).
In controlled studies in children, the incidence of adverse reactions to preparations containing annatto was much lower than previously described in adults, or
was nonexistent. A study in Denmark in which 271 children (98 controls and 173
with atopic symptoms) underwent open oral challenges to a variety of food additives prepared in a lemonade solution, 17 children had positive reactions. The additives included preservatives, natural colours, synthetic colours, flavourings and
acids. Twelve of the 17 children then underwent double-blind placebo-controlled
challenges to the additives prepared in gelatine capsules. Of the 12, five reacted
to the synthetic food colourings and one reacted positively to citric acid, but none
reacted positively to the natural food colourings capsule which contained turmeric
(2.5 mg/100 ml), annatto (1.6 mg/100 ml), b-carotene (6.0 mg/100 ml), canthaxanthine (1.0 mg/100 ml) and beet colouring (5.5 mg/100 ml) (Fuglsang et al., 1993).
In a further study by the same author, 335 children underwent open oral challenges; 23 had positive reactions and of these 16 underwent double-blind placebocontrolled challenges in their own homes. Two patients experienced positive
reactions to the natural food colouring (atopic dermatitis in one and urticarial symptoms in the other) (Fuglsang et al., 1994).
Two double-blind placebo-controlled studies of the effects of oral challenges
have also been reported in adults. In the first of these, 132 subjects underwent
high or low dose challenges with a range of food additives, administered (either
alone or in combination) in opaque gelatin capsules tinted with iron oxide and titanium dioxide. Placebo capsules contained lactose powder. Annatto was administered at doses of 1 mg or 10 mg. Eighty-one patients completed the study. It was
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concluded that the prevalence of reactions to annatto in the population was estimated to be between 0.01% (lower limit) and 0.07% (upper limit) with a confidence
interval of 95% (Young et al., 1987).
In the second double-blind placebo-controlled study of the effects of oral challenges in adults, 101 patients (25 men and 76 women) suffering from eczema were
studied. After a standard elimination diet, the subjects received capsules containing a placebo control or one of four different mixtures of five food additives from
the list below:

• Sodium benzoate;
• Sodium propionate;
• Sorbic acid;
• A mixture of food colourings (10 mg annatto, 10 mg erythrosine, 10 mg Ponceau
4R, 10 mg tartrazine, 10 mg patent blue V, 10 mg sunset yellow, 10 mg betanine, 10 mg curcumin, 10 mg quinoline;

• Placebo.
Twenty-five patients reacted to the food colourings while 76 did not. However,
since 16 patients reacted to the placebo, reaction to the food colourings was not
a statistically significant effect. Of the patients who reacted to the first oral challenge, only one-third reacted when challenged again (Vien et al., 1987).
An anaphylactic reaction attributed to annatto was reported in a 62-year-old
man who had consumed Fiber One® cereal for the first time. This cereal product
contains wheat bran, corn bran, aspartame, corn syrup, vitamins A, C, D, B6, B12,
thiamine and annatto extract. Within minutes of eating this product, the patient
developed symptoms characteristic of anaphylactic shock (generalized pruritis,
generalized urticaria, angioedema of the eyes and lips, undetectable blood pressure and loss of consciousness). Skin prick tests (1:10 000) to milk, corn and wheat
and annatto extract were all negative, but a positive reaction to 1:1000 annatto
extract was obtained and the patient’s serum was positive for the presence of
annatto-specific IgE. The IgE was shown to recognize a protein (relative molecular mass, 50) in the annatto extract, thought by the authors to be a contaminant
from the pericarp extraction process. Annatto extract is widely present in food, and
although it has been implicated in this case, an anaphylactic reaction of this type
must be regarded as a very rare event (Nish et al., 1991).
In summary, annatto extracts have sporadically been associated with hypersensitivity reactions such as urticaria, eczema and angioedema. However, when
investigated in well-designed double-blind trials, the incidence of reactions to
annatto alone is very small.

3.

DIETARY INTAKE

Annatto is usually marketed as an extract of the annatto seed, which contains
the active agents bixin and norbixin in amounts that can vary between <1% and
>10%.
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Throughout this monograph, all data on annatto, annatto extracts, bixin or norbixin are expressed as total bixin plus norbixin.
The Committee at its fifty-third meeting concluded that intake of annatto extracts
would exceed the ADI for bixin if all food products contained this additive at the
levels proposed in the draft General Standard for Food Additives (GSFA) and recommended that the relevant data should be re-evaluated in 2001. The current exposure assessment is based on data provided by the Natural Colour Association
(NATCOL) and the International Association of Colour Manufacturers (IACM).
3.1

Assessment by the budget method

In contrast to the previous assessment, the Committee at its current meeting
also considered the use of annatto extracts in beverages.
3.2

Assessment based on disappearance data

The report combines figures for production (in kg) and the distribution of market
share in different food categories (in %) for annatto extracts. The information submitted about the distribution of the additive in various categories is more precise
than the data submitted in 1999.
United States
In the United States (Table 6), it should be noted that 50% (20 tons) of the total
amount of bixin/norbixin used is added to cheese. The amount of annatto extract
used in each food category is divided by the total population of the United States.
The resulting contribution is about 0.38 mg/person per day, corresponding to 10%
of the current ADI (5% for cheese). This result is consistent with those submitted
in 1999 for the United States (7.7% and 12.8% using poundage data from 1987
and 1996 respectively).
France, Germany and the United Kingdom
In France, Germany and the United Kingdom (Table 7), the total production of
bixin/norbixin is about 7% of that in the United States, whereas the population of

Table 5. Estimated theoretical maximum level of annatto extract in food and
beverages, by the budget method
Distribution in food
supply

% solid foods or
beverage supply
containing bixin or
norbixin

Theoretical maximum
level (mg/kg)

GSFA maximum
permitted level
(mg/kg)a

50% solid foods
50% beverages

25%
25%

5.2
1.3

1000
50

a

Highest level in food and beverages according to the GSFA
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Table 6. Estimated per capita intakes of bixin and norbixin in the United
States, based on production
Estimated
market
share (%)
Baked goods
Beverages type I,
nonalcoholic

5

Volume of
production
(kg)
1947

Intake (mg/
person
per day)

Intake (mg/
kg bw per day)

% of ADI

0.019

3.14 ¥ 10-4

0.5

-4

0.2

2

779

0.008

1.26 ¥ 10

10

3894

0.038

6.28 ¥ 10-4

1.0

5

1947

0.019

3.14 ¥ 10-4

0.5

50

19468

0.188

3.14 ¥ 10-3

4.8

Condiments and
relishes

2

779

0.008

1.26 ¥ 10-4

0.2

Confectionery and
frostings

2

779

0.008

1.26 ¥ 10-4

0.2

Egg products

1

389

0.004

6.28 ¥ 10-5

0.1

-4

0.2

Breadings/coatings
Breakfast cereals
Cheese

Fats and oils

2

779

0.008

1.26 ¥ 10

Frozen dairy

2

779

0.008

1.26 ¥ 10-4

0.2

Fruit ices

2

779

0.008

1.26 ¥ 10-4

0.2

Gelatins and
puddings

2

779

0.008

1.26 ¥ 10-4

0.2

Imitation dairy
products

2

779

0.008

1.26 ¥ 10-4

0.2

Milk/dairy products

3

1168

0.011

1.88 ¥ 10-4

0.3

Snack foods

7

2725

0.026

4.39 ¥ 10-4

0.7

Soups

2

779

0.008

1.26 ¥ 10-4

0.2

Sweet sauce

1

389

0.004

6.28 ¥ 10-5

0.1

Total

100

38935

0.377

6.28 ¥ 10-3

9.7

Population of USA
(millions)a

283

a

Population Division of the Department of Economic and Social Affairs of the United
Nations Secretariat (2002)

these three countries combined represents 70% of that of the United States. The
resulting estimate is therefore 10 times lower, i.e. 0.037 mg/person per day, corresponding to about 1% of the current ADI (70% for cheese).
3.3

Assessment based on household surveys

The author provides a comparison between several use levels in Europe and
combines the “typical” use levels for bixin/norbixin with the data on household consumption in France. It should be noted that the “typical” use levels provided by
industry are close to those described by Scotter et al. and are below the standards
for both the European Union and Codex Alimentarius Commission (see Table 8).
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Table 7. Estimated per capita intakes of bixin/norbixin in France, Germany and
the United Kingdom, based on production
Foodstuff

Intake (mg/
person per day)

Intake (mg/kg bw
per day)

% of ADI

101

0.0014

2.30 ¥ 10-5

0.04

Decorations and
coatings, fine bakery
wares

13

0.0002

2.96 ¥ 10-6

0.00

Edible ices

78

0.0011

1.77 ¥ 10-5

0.03

1

0.0000

2.28 ¥ 10-7

0.0

19

0.0003

4.32 ¥ 10-6

0.01

992

0.0135

2.26 ¥ 10-4

0.35

39

0.0005

8.87 ¥ 10-6

0.01

262

0.0036

5.96 ¥ 10-5

0.09

Margarine, minarine,
other fat emulsions, and
fats essentially free from
water

Liqueurs, including
fortified beverages with
<15% alcohol by
volume
Flavoured processed
cheese
Ripened orange, yellow
and broken-white
cheese; unflavoured
processed cheese
Desserts
“Snacks”: savoury
potato, cereal or starchbased snack products:—

Supply
(kg/year)

Extruded or expanded
savoury snack products
“Snacks”: savoury
potato, cereal or starchbased snack products:—
Other savoury snack
products and savoury
coated nuts

Included in above

88

0.0012

2.00 ¥ 10-5

0.03

Edible cheese rind and
edible coatings.

148

0.0020

3.37 ¥ 10-5

0.05

Red Leicester cheese

789

0.0108

1.80 ¥ 10-4

0.28

Mimolette cheese

36

0.0005

8.19 ¥ 10-6

0.01

Extruded, puffed and/or
fruit-flavoured breakfast
cereals

71

0.0010

1.62 ¥ 10-5

0.02

Sales to other traders

56

0.0008

1.27 ¥ 10-5

0.02

0.0368

-4

0.94

Smoked fish

Total
Population (millions)a
a

2693

6.13 ¥ 10

200.67

Population Division of the Department of Economic and Social Affairs of the United
Nations Secretariat (2002)
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Table 8. Maximum permitted and actual use levels of bixin/norbixin in food in
the European Union (mg/kg)
Foodstuff

GSFA
maximum/
actual
permitted
level
(mg/kg)

European
directive
94/366/EC
(mg/kg))

Margarine, minarine, other fat
emulsions, and fats essentially
free from water

100/30

10

1.0–4.8

20

2.9

Decorations and coatings
Fine bakery wares

30
40

10

100

20

Liqueurs, including fortified
beverages with less than 15%
alcohol by volume

10

10

Flavoured processed cheese.

50

15

Edible ices

Range from
study by
Scotter
et al.
(mg/kg)

<0.1–4.2

Range b
(mg/kg)

2–7

6

0.5–20

15

0.1–10

5

1.1–11.1
ND

0.2–1.4

Typicalb
(mg/kg)

3–10
ND

0.1–8.0

5
10

5

Ripened orange, yellow and
broken-white cheese;
unflavoured
processed cheese

15

0.2–9.6

0.1–2

2

Desserts

100/150

10

0.2–5.7

0.5–10

5

“Snacks”: savoury potato,
cereal or starch-based snack
products:—Extruded or
expanded savoury snack
products

300

20

0.9–6.8

6–14

10

10

<0.1–2.3

3.75a

5

0.3–8.3

6.5–8

10

“Snacks”: savoury potato,
cereal or starch-based snack
products:—Other savoury
snack products and savoury
coated nuts
Smoked fish

15

10

Edible cheese rind and edible
coatings

50

20

ND

1

1

Red Leicester cheese

600

50

23.7–37.5

40

40

Mimolette cheese

600

35

35

35

75

25

25

25

Extruded, puffed and/or fruitflavoured breakfast cereals.
Compound foods and ready
meals

4.7–9.3
<0.1–0.5

ND, no data provided
a
Assuming snacks contain 5% seasoning
b
All levels “as consumed” (i.e. after making up with milk/water)
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The result of this estimation is a total average intake of 0.54 mg/person per day
corresponding to 0.009 mg/kg bw per day. The 97.5th percentile was also determined for each food category and the overall exposure was calculated assuming
that a consumer only consumes one food item at a high level of intake and
the others at the mean level. This exercise provides a total maximum intake of
0.02 g/kg bw (34% of the ADI) for consumers with a high intake of breakfast cereals.
Considering that this additive is distributed in a relatively large number of food categories, it is possible to make a similar calculation based on the consumption of
two food categories at the 97.5th percentile (Rees & Tennant, 1994). Such an exercise would result in a total maximum intake of 0.03 mg/kg bw (46% of the ADI) for
consumers with a high intake of both desserts and breakfast cereals. In the previous assessment, a dietary exposure of 0.034 mg/kg bw was found using the
European Union authorizations, which are lower than the typical use levels considered in this monograph.
3.4

Assessment based on a model diet

This estimate was based on the Northern American model diet developed by
the Market Research Corporation of America (MRCA), and on data from the United
States Department of Agriculture (USDA) on portion size. These figures for food
consumption were combined with both usual and maximum use levels provided
by the United States colour industry (International Association of Color Manufacturers, IACM). It should be noted that even if food categories are not the same in
the United States and in the European Union, no use at a level >50 mg/kg was
described.
3.5

Assessment based on individual dietary records

The estimate provided by the sponsor is based on data from the United
Kingdom (National Diet and Nutrition Survey for adults and children). A typical concentration of bixin/norbixin (see Table 8) is assigned to each relevant food and
then multiplied by the amount of food consumed on each eating occasion to generate an intake figure. This results in an average estimate of 0.008 and 0.04 mg/kg
bw, corresponding to 12% and 62% of the ADI for adults and children respectively.
At the 97.5th percentile, the estimated intake was 0.02 and 0.1 mg/kg bw, corresponding to 34 and 160% of the ADI for adults and children, respectively.
Additional information was provided by Food Standards Australia New Zealand
(FSANZ). Two data sets describe the exposure to bixin/norbixin in Australia and
New Zealand by combining data on individual food consumption (consumers only)
with both typical and maximum use levels for the food additive. Percentages of
market share for “coloured” foodstuffs were used when available. It should be
noted that the Australian maximum permitted levels are higher than those of the
United States or the European Union (10–100 versus 1–50 mg/kg of food). Moreover, the industry use levels are higher than the “typical” use levels described by
the sponsor both in the United States and in the European Union (1–100 versus
1–50 mg/kg of food). The resulting estimate is, for consumers only, a dietary exposure of 10 and 28 mg/day at the mean and the 95th percentile, respectively, using
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Table 9. Typical average intakes of bixin/norbixin in the USA
Food category

Mean
consumption
(g/day)

Baked goods

137.2

Beverages type
I, nonalcoholic

104.0
20.0

Cheese
Confectionery
and frostings

Breakfast
cereals

Anticipated
usual use
(mg/kg)

Anticipated
maximum
use (mg/kg)

Intake (mg/
person per
day)

Intake
(mg/kg bw
per day)

% of
ADI

1

10

0.14

0.0023

4

1

10

0.10

0.0017

3

5

30

0.10

0.0017

3

9.4

9

15

0.08

0.0014

2

0.3

2

4

0.00

0.0000

0

Egg products

1.9

5

7

0.01

0.0002

0

Fats and oils

17.5

2

4

0.04

0.0006

1

Frozen dairy

25.6

2

10

0.05

0.0009

1

0.7

5

10

0.00

0.0001

0

Gelatines and
puddings

20.4

1

7

0.02

0.0003

1

Imitation dairy
products

0.9

2

4

0.00

0.0000

0

Milk products

39.5

0

10

0.00

0.0000

0

Snack foods

1.3

10

50

0.01

0.0002

0

31.7

1

10

0.03

0.0005

1

6.8

5

7

0.03

Fruit ices

Soups
Sweet sauce
Total

0.63

0.0006

1

0.0104

16

The resulting estimate is about 0.63 mg/person per day, corresponding to 16% of the
current ADI. This value is lower than that resulting from the previous assessment but is
consistent considering that in 1999 the maximum use levels were taken into account

Australian permitted levels. Using concentrations provided by industry, the estimated exposure would be between 8 and 29 mg/day at the mean and the 95th percentile, respectively. The last calculations performed by FSANZ used the permitted
levels for Codex Alimentarius and the resulting estimate of the exposure is therefore between 57 and 144 mg/day at the mean and the 95th percentile, respectively.
Considering the fact that the range for Codex standards is between 10 and
600 mg/kg of food, such a result is not surprising.
Considering both the range of average intake of bixin (0.03–0.4 mg/day) and
the 97.5th percentile (1.5 mg/day), a comparison was done with the ADIs for
various extracts established by the Committee. Table 10 summarizes this exercise, assuming each time that all the bixin is provided by the same category of
annatto extract.

260

780

Assuming 60 kg bw (mg/day)

1.8

Assuming 20 kg bw (mg/day)

1.5

95th percentile in
the United Kingdom
(mg/day)

0.5

13

0.4

Average intake
in the United States
(mg/day)

0.04

Annatto B,
80% bixin

ADI (mg/kg bw per
day)

0.03

Average intake
in European Union
(mg/day)

Bixin intake
(mg/day)

42

14

0.7

2.1

0.6

0.04

Annatto C,
70% bixin

—

15

4

0.3

Annatto D,
10% bixin

420

140

7

6

1.6

0.12

Annatto E,
25% bixin

48

16

0.8

4.5

1.2

0.09

Annatto F,
35% bixin

Table 10. Comparison between the current levels of exposure to bixin and ADIs for various annatto extracts

—

10

2.6

0.2

Annatto G,
15% bixin
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4.

ANNATTO EXTRACTS

COMMENTS

The new data confirmed earlier findings that there appears to be at least partial
absorption of bixin and norbixin, and that the pigments in water-soluble preparations of annatto are more readily absorbed than those in oil-soluble preparations.
Bixin was not detected in plasma after oral administration of norbixin to rats,
suggesting that norbixin is not converted to bixin in the body. cis-Norbixin appears
to be readily converted to trans-norbixin. The more polar acid norbixin is absorbed
to a greater extent than the less polar bixin. The presence of norbixin in plasma
after administration of annatto B and E suggests that bixin may be converted to
norbixin in the body, but these preparations also contain norbixin that could have
accounted for the norbixin levels in plasma. No bixin was detected in the urine following administration of any of the annatto extracts, but extremely small amounts
of norbixin (<3% of the dose) were found in urine after administration of annatto
F, and traces (<0.01%) after administration of annatto E. Bixin and norbixin are
mostly cleared from the plasma within 24 h. The total percentage of the dose of
bixin and norbixin absorbed cannot be determined from the available data.
Although studies have shown that about half of the administered dose appears in
the faeces, it is not possible to determine whether this is because the pigments
are not absorbed and pass through the gastrointestinal tract, or whether part of
the dose is absorbed and is excreted in the bile.
In humans given a commercial preparation containing 16 mg bixin and 0.5 mg
norbixin, the concentrations of norbixin in blood were higher than those of bixin
and persisted for longer, since bixin could not be detected in the plasma 8 h after
a single oral dose whereas norbixin reached a peak after 4 h and was still detected
after 48 h. It is unclear whether conversion of bixin to norbixin occurs in the body.
Examination of cytochrome P450 enzymes in liver samples at the end of 90day studies in rats fed with one of several annatto preparations (annatto B, E and
F) revealed that annatto B and E are inducers of CYP1A2. There was no evidence
that any of the annatto extracts was a phenobarbital-type inducer, or was an
inducer of CYP2E1. There were only slight increases in CYP3A1 and CYP3A2. All
three annatto extracts induced CYP4A, particularly in male rats. The pattern of
induction of CYP1A2 and CYP4A by different preparations in different sexes indicates that these effects are independent. Annatto F caused the greatest induction
of CYP4A and there was an increase in the number of mitochondria observed by
electron microscope with annatto C, observations which are consistent with the
action of peroxisome proliferators. Liver weight increases were not related to the
increase in cytochrome P450 enzymes. The absence of any further hypertrophy
between days 28 and 90 of treatment, and the absence of pathological changes
in the liver, may be compatible with metabolic adaptation.
Studies in mongrel dogs fed a chloroform-extracted preparation of annatto in
glucose and similar studies in rats and mice fed an ethanol-extracted preparation
of annatto, were considered not to be relevant to the extracts being evaluated.
Studies of genotoxicity in vitro revealed equivocal and inconsistent positive
results only at concentrations that exceeded solubility or at concentrations that
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were cytotoxic. Since the results of tests on analytical grade bixin and norbixin
were negative, some weak positive results obtained with the concentrated annatto
extracts in bacterial tests in the absence of an endogenous metabolic activation
system were considered to be caused by other components in the annatto preparations. Results of tests for mutagenicity in mammalian cells and for chromosomal
aberration were inconsistent. Weak positive results at toxic concentrations were
noted for some preparations in tests for mutagenicity in mammalian cells in the
absence of an endogenous metabolic activation system, whereas weak positive
results were noticed only in the presence of an endogenous metabolic activation
system in tets for chromosomal aberration. Studies in mice receiving annatto B, E
and F preparations did not demonstrate any potential to cause genetic damage in
a test for micronucleus formation in bone marrow in vivo.
In its previous evaluations, the Committee concluded that annatto extracts are
not carcinogenic. This conclusion was based on the results of tests with annatto
preparations containing low concentrations of bixin. No new studies of carcinogenicity have become available, but in a study of the initiation/promotion of liver
carcinogenesis, annatto C did not increase the incidence of preneoplastic lesions.
Together with the results of the tests for genotoxicity and the absence of proliferative lesions in the short-term tests for toxicity, this is supportive of earlier
conclusions.
A study of developmental toxicity in rats fed an annatto extract with a bixin
content (28%) comparable to that of annatto E at doses of up to 500 mg/kg bw per
day (equal to 140 mg of bixin/kg bw per day) confirmed the absence of developmental toxicity at this dose.
Studies of subchronic toxicity demonstrated that the annatto extracts tested,
annatto B, C, E and F, have low toxicity, as only non-specific toxicity was reported
at the higher doses tested. As is the case with genotoxicity, it is not clear whether
the non-specific toxicity was attributable to bixin or norbixin or to other components
present in the extracts. A common feature was the increase in absolute and relative liver weights at high and intermediate doses, which was accompanied in some
cases by centrilobular hepatocellular hypertrophy.
The NOEL for annatto B was 16 000 ppm (equal to 1311 mg and 1446 mg of
extract/kg bw per day for males and females respectively, corresponding to
1170 mg or 1290 mg/kg bw per day expressed as bixin, and 21 mg or 23 mg/kg bw
per day expressed as norbixin) on the basis of urinary effects (elevated concentrations of protein in urine and crystals in urine sediment).
The NOEL for annatto C was 1000 ppm (69 mg and 76 mg/kg bw per day for
males and females respectively, corresponding to 63 mg or 70 mg/kg bw per day
expressed as norbixin) on the basis of increases in liver weight accompanied by
hepatocellular hypertrophy and necrosis.
The NOEL for annatto E was identified as 10 000 ppm in the diet (734 mg and
801 mg/kg bw per day for males and females respectively, corresponding to
172 mg or 180 mg/kg bw per day expressed as bixin, and 8 mg or 8.8 mg/kg bw per
day expressed as norbixin) on the basis of increases in thyroid and kidney weights
and decreased spleen weights.
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The NOEL for annatto F was 1000 ppm in the diet (79 mg and 86 mg/kg bw per
day for males and females respectively, corresponding to 33 mg and 36 mg/kg bw
per day expressed as norbixin) on the basis of increased kidney weights, haematological changes and alterations in serum proteins.
The differences in NOELs for annatto B (bixin) and annatto C (norbixin) indicate that extracts that mainly contain norbixin are more potent than those
containing mainly bixin. The potencies of the different extracts cannot be explained
on the basis of their bixin and/or norbixin contents. Other components in the
extracts might contribute to or be responsible for the effects noted, and/or the differences in potency might have arisen from differences in bioavailability of the
extracts.
A number of studies on possible allergic potential in humans were available,
but the results of oral challenges were inconclusive because of inadequate study
design or lack of statistical significance.
A revision of the previous intake estimate was performed on the basis of typical
use levels of extracts expressed as bixin and norbixin provided by industry. These
levels were combined with various data on national intake. The resulting average
intake is observed to be between 0.03 mg and 0.40 mg per day. Estimated intake
for consumers with a high intake reaches 1.50 mg per day, on the basis of data
from the United Kingdom.

5.

EVALUATION

The Committee could not establish a generic ADI for the various annatto
extracts on the basis of the data submitted and therefore established a temporary
ADI for each of the individual preparations tested. With the application of a 200fold safety factor to the NOEL for each of the annatto preparations, the following
temporary ADIs were allocated:

• Annatto B: 0–7.0 mg/kg bw (based on NOELs of 1311 mg and 1446 mg/kg bw
per day in male and female rats respectively).

• Annatto C: 0–0.4 mg/kg bw (based on NOELs of 69 mg and 76 mg/kg bw per
day in male and female rats respectively).

• Annatto E: 0–4.0 mg/kg bw (based on NOELs of 734 mg and 801 mg/kg bw per
day in male and female rats respectively).

• Annatto F: 0–0.4 mg/kg bw (based on NOELs of 79 mg and 86 mg/kg bw per
day in male and female rats respectively).
No data on the potential toxicity of annatto D or annatto G were available, and
no ADI could be established. An additional safety factor of 2 was applied to the
NOELs, because of deficiencies in the database.
Comparison of the estimated intakes with the temporary ADI values was performed assuming that each annatto extract was a unique source of bixin/norbixin.
These simulations show in each case that the estimated exposure for adults is
<20% of the corresponding temporary ADI.
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The Committee requested additional information to clarify the role that the nonpigment components of the extract play in the expression of the qualitative and
quantitative differences in toxicity of the various extracts. In addition, the Committee requested data on the reproductive toxicity of an extract, such as annatto F,
which contains norbixin.

6.
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EXPLANATION

The food colour curcumin (turmeric yellow) is obtained by solvent extraction of
turmeric, i.e. the ground rhizomes of Curcuma longa L. (C. domestica Valeton),
with purification of the resultant extract by crystallization. The commercial product
consists essentially of curcumins: the colouring principle (1,7-bis(4-hydroxy3-methoxyphenyl) hepta-1,6-diene-3,5-dione) and its desmethoxy and bisdesmethoxy derivatives in varying proportions. The total content of colouring
matter (curcuminoids) in curcumin is not less than 90%. Minor amounts of oils and
resins that occur naturally in turmeric may also be present.
The term “curcumin” in this monograph refers to the material for which specifications exist. The principal colouring component, 1,7-bis(4-hydroxy-3methoxyphenyl) hepta-1,6-diene-3,5-dione, is often referred to as curcumin in the
literature; to avoid confusion, the Committee decided that this report would not use
the term curcumin when referring to this substance. A common synonym for this
substance is diferuloylmethane, and this name will be used when it is necessary
to refer to the principal colouring component of curcumin.
Turmeric oleoresin, the product of solvent extraction of turmeric containing
<90% of total colouring matter (curcuminoids), and curcumin were evaluated by
the Committee at its thirteenth, eighteenth, twenty-second, twenty-fourth, twentysixth, thirtieth, thirty-fifth, thirty-ninth, forty-fourth, fifty-first and fifty-seventh meetings (Annex 1, references 19, 35, 47, 53, 59, 73, 88, 101, 116, 137 and 154). At
its eighteenth meeting, the Committee established a temporary acceptable daily
intake (ADI) of 0–0.1 mg/kg bw for curcumin, based on the then existing ADI for
turmeric oleoresin (0–2.5 mg/kg bw) and an assumed average concentration of 3%
curcuminoids in turmeric. The temporary ADI for curcumin was extended at the
twenty-second, twenty-fourth, twenty-sixth, thirtieth, thirty-fifth and thirty-ninth
meetings, whereas the ADI for turmeric oleoresin was withdrawn at the thirty-fifth
– 55 –
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meeting. At its thirty-ninth meeting, the Committee requested the results of studies
of carcinogenicity in mice and rats fed with turmeric oleoresin and the results of a
study of reproductive and developmental toxicity associated with curcumin. At its
forty-fourth meeting, the Committee evaluated the results of studies of carcinogenicity in rats and mice given turmeric oleoresin containing 79–85% curcuminoids, and new biochemical and genotoxicity data. The Committee concluded that
data on developmental toxicity were no longer required but reiterated its request
for a study of reproductive toxicity. Based on the NOEL of 220 mg/kg bw per day
for liver enlargement observed in the study of carcinogenicity in mice, and a safety
factor of 200, the Committee increased the temporary ADI to 0–1 mg/kg bw and
extended it, pending submission of the results of a study of reproductive toxicity
with curcumin to be reviewed in 1998.
At its fifty-first meeting, the Committee evaluated the results of studies of fertility in rats and mice treated with turmeric oleoresin (68.0–76.5% curcuminoids).
The low survival rate of pups in the study in mice and the low rates of pregnancy
in rats led the Committee to conclude that these studies did not provide assurance
that the potential reproductive effects of curcumin had been adequately investigated. The Committee again extended the temporary ADI, pending submission of
the results of a study of reproductive toxicity with a substance complying with the
specifications for curcumin, for review in 2001. At its fifty-seventh meeting, the
Committee was informed that a multigeneration study in the rat was in progress,
and thus extended the temporary ADI of 0–1 mg/kg bw until 2003.
The results of the multigeneration study were available to the Committee for
evaluation at its current meeting. In addition, the Committee reviewed the results
of two new clinical trials investigating either an extract of Curcuma or diferuloylmethane as potential anticancer agents.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

2.1.1

Absorption, distribution and excretion

Fifteen patients with advanced colorectal cancer received an extract of
Curcuma (18 mg of diferuloylmethane and 2 mg of the desmethoxy derivative suspended in 200 mg of essential oils derived from Curcuma spp.) daily for up to 4
months. The doses were equivalent to 26, 72, 108, 144 and 180 mg of curcumin,
with three patients receiving each dose. Neither diferuloylmethane, or its glucuronide or sulphate conjugates, or hexahydrocurcumin or hexahydrocurcuminol
were detected in plasma or urine after up to 29 days of treatment.
Diferuloylmethane was detected in the faeces of all patients. Diferuloylmethane
sulphate was also detected in the faeces of one of the patients receiving diferuloylmethane at a dose of 180 mg/day, which may have been a result of biotransformation in the gut (Sharma et al., 2001).
Twenty-five patients with conditions indicating a high risk of malignancy were
given diferuloylmethane (purity, 99.3%) for 3 months. The starting dose was
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500 mg/day, which was increased stepwise to 1000, 2000, 4000, 8000 and finally
12 000 mg/day. Pharmacokinetic studies were conducted in patients who agreed
to give samples of blood and urine and in normal volunteers. Serum concentrations of diferuloylmethane peaked at 1–2 h after administration of 4000–8000 mg
diferuloylmethane and gradually declined within 12 h. A half-life was not determined. Diferuloylmethane was barely detectable in the serum of patients taking
500–2000 mg of diferuloylmethane. No diferuloylmethane could be detected in
urine. Similar results were obtained in two patients who had taken diferuloylmethane for more than 1 month, indicating that repeated administration did not
alter the pharmacokinetic profile of this substance (Cheng et al., 2001).
2.2

Toxicological studies

2.2.1

Reproductive toxicity

A two-generation study in Wistar rats was conducted according to OECD guideline 416 (May 1983) using curcumin comprising 80% diferuloylmethane, 99% total
curcuminoids. The study was conducted in India, which does not have a formal
good laboratory practice (GLP) inspectorate, but the laboratory was inspected by
European Inspectorates for compliance with European Union and OECD guidelines, and the study was conducted in accordance with GLP.
Groups of 30 male and 30 female rats were fed diets containing curcumin at
a concentration of 0, 1500, 3000 or 10 000 mg/kg of diet starting from 10 weeks
before the mating period and throughout mating. Treatment of females continued
throughout pregnancy and weaning of the offspring. The total periods of treatment
were 21 weeks for the parental generation and 24 weeks for the F1 generation.
On postnatal day 4, the litter sizes of the F1 offspring were standardized to a
maximum of eight. After weaning, 30 male and 30 females of the F1 generation
were selected to become the parents of the F2 generation. Parents were observed
for clinical signs, body weights, food intake, cohabitation interval and duration of
gestation. Pups were weighed on postnatal days 1, 4, 7, 14 and 21. All parents,
F1 weanlings not selected for mating and all F2 weanlings were subjected to complete necropsy at terminal sacrifice. The concentrations used corresponded to
doses of 0, 130–140, 250–290 or 850–960 mg/kg bw per day in males, and 0, 160,
310–320 or 1000–1100 mg/kg bw per day in females.
The following indices were calculated: male and female fertility index, percentage of matings resulting in pregnancy, number of implantations, percentage
of pregnancies resulting in birth of live litters, percentage of live pups born, postimplantation loss, mean litter size and mean viable litter size, live birth index, percentage survival of pups at postnatal days 4, 7, 14 and 21. Ovaries, uterus,
vagina/cervix, testes, epididymides, seminal vesicles, prostate, coagulating
glands, liver, kidney, pituitary and adrenals were examined histologically.
There was a dose-related decrease in body-weight gain in the dams of the
parental generation during days 10–15 of gestation, which was statistically significantly different from that of controls (body-weight gains, >80% that of controls) at
the intermediate and highest doses. At this time, body weights were reported to
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be below the range of values for the historical controls. However, maternal body
weights did not differ significantly between groups at the end of gestation. The
mean body weights of the F2 offspring (both sexes combined) were significantly
decreased on postnatal days 1 and 7 at the intermediate dose, and on postnatal
days 7, 14 and 21 at the highest dose. A dose-related trend was apparent, but the
effect was small, with average body weights being >90% that of the control pups,
and the observed changes were reported to be within the range of the data for
historical controls. There were no other effects on general health, body weight, pup
survival and fertility indices in either generation. The effects at the intermediate
dose were observed at isolated time-points only and were considered to be incidental; and therefore this dose, equal to 250–320 mg/kg bw per day for the F1 generation, was the NOEL (Ganiger, 2002).
2.3

Observations in humans

In the clinical trial described in section 2.1.1, 15 patients with advanced colorectal cancer receiving Curcuma extract daily for up to 4 months were examined
physically and blood samples were taken on days 1, 2, 8 and 29 of treatment and
monthly thereafter. Blood samples were analysed for full blood cell count, concentrations of urea, electrolytes and markers of liver and bone function. Curcuma
extract was administered at a dose equivalent to 26, 72, 108, 144 or 180 mg of
diferuloylmethane, with three patients receiving each dose. The only adverse
effects reported were gastrointestinal symptoms. During the first month of treatment, one patient receiving diferuloylmethane at a dose of 108 mg per day experienced nausea, which resolved spontaneously without discontinuing the
treatment. Two patients, who received diferuloylmethane at a dose of 72 or
180 mg per day, respectively, experienced diarrhoea. In the absence of controls,
and in view of the clinical conditions of the patients, it is not clear whether these
symptoms were related to treatment (Sharma et al., 2001).
Twenty-five patients with conditions indicating a high risk of malignancy were
given diferuloylmethane (purity, 99.3%) for 3 months. The starting dose was
500 mg/day, which was increased stepwise to 1000, 2000, 4000, 8000 and finally
12 000 mg/day. The patients received regular follow-up, including physical examination, weekly haemogram, and measurement of blood electrolytes and biochemistry parameters every 2 weeks. No adverse effects were reported at doses
of up to 8000 mg/day. The highest dose of 12 000 mg/day was not acceptable to
the patients because of the bulky volume of the tablets (Cheng et al., 2001).

3.

INTAKE ASSESSMENT

The Committee received an estimate of intake only from Food Standards
Australia New Zealand (FSANZ). This estimate, combining maximum curcumin use
levels from the draft General Standard for Food Additives (GSFA) with food consumption data, is an unrealistic overestimate of the exposure. The report stated
that FSANZ was not able to provide national estimates of intake for Australia
or New Zealand owing to the regulatory status of curcumin, which is allowed at
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levels consistent with good manufacturing practice in all foods. Therefore the Committee concluded that adequate data were not available to accurately assess the
exposure.

4.

COMMENTS

In a multigeneration study of reproductive toxicity, Wistar rats were fed diets
containing curcumin (comprising 80% diferuloylmethane and 99% total curcuminoids) at doses equal to 0, 130–140, 250–290 and 850–960 mg/kg bw per day in
males, and 0, 160, 310–320 and 1000–1100 mg/kg bw per day in females. The total
period of treatment was 21 weeks for the parental generation and 24 weeks for
the F1 generation. Transient minor decreases in maternal body-weight gain were
observed during days 10–15 of gestation in the parental, but not the F1 generation, at the intermediate and high doses. There were no significant differences in
maternal body weights at the end of gestation and no adverse effects were
observed in the F1 offspring. This change was therefore considered to be incidental. Significant decreases in the average weights of the F2 generation pups
were observed at days 1 and 7 at the intermediate dose, and days 7, 14 and 21
at the high dose. These decrements represented <10% of the average weight of
the concurrent controls and were reported to be within the range of the data for
historical controls. There were no other effects on general health, body weight, pup
survival or fertility indices in either generation. The effect on pup weight seen at
the intermediate dose (equal to 250–320 mg/kg bw per day) was likely to be incidental. The changes seen at the highest dose (equal to 960–1100 mg/kg bw per
day for the F1 parental generation) could be an indication of a persistent decrement in body-weight gain. The Committee therefore concluded that the NOEL for
diferuloylmethane on the basis of decreased body weight in pups was 250 mg of
/kg bw per day.
Two clinical trials were conducted in patients with cancer, or at high risk of
cancer. In pharmacokinetic studies in these patients, diferuloylmethane could be
detected in plasma after oral administration of diferuloylmethane (99.3%) at doses
of >2000 mg/day (>33 mg/kg bw per day, for a 60-kg adult), but not after lower
doses. Diferuloylmethane, and in one patient diferuloylmethane sulfate, was
detected in the faeces but not in the urine.
These clinical trials provided limited information of relevance to the assessment of toxicity of curcumin. Fifteen patients receiving an extract of Curcuma
(18 mg of diferuloylmethane and 2 mg of the desmethoxy derivative suspended in
200 mg of essential oils derived from Curcuma spp.) containing a daily dose of 26–
180 mg of diferuloylmethane for up to 4 months, were monitored for adverse effects
by physical examination and tests for haematological parameters. During the
course of the study, one patient (receiving diferuloylmethane at 108 mg/day)
experienced nausea and two patients (receiving diferuloylmethane at 72 and
180 mg/day) experienced diarrhoea. There were no reported adverse effects in a
study of twenty-five patients taking diferuloylmethane (99.3%) at doses of up to
8000 mg/day for 3 months. The Committee considered that these ancillary studies
could not be used to derive an ADI for curcumin.
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The new multigeneration study in rats that were fed with curcumin for periods
of up to 24 weeks met the Committee’s requirements. Additionally, this material
met the specification developed at this meeting. Decreased body-weight gain in
the F2 generation was observed at doses equal to 960–1100 mg/kg bw per day of
curcumin; the NOEL was 250–320 mg/kg bw per day. The Committee noted that
the previous temporary ADI was derived from a study on turmeric oleoresin
(79–85% curcuminoids) that did not comply with the current specification. Taking
into account all the data evaluated previously, the Committee withdrew the temporary designation and allocated an ADI for for curcumin of 0–3 mg/kg bw, based
on the NOEL of 250–320 mg/kg bw per day in the multigeneration study in rats,
and the application of a safety factor of 100.

5.

EVALUATION

The new multigeneration study in rats that were fed with curcumin for periods
of up to 24 weeks met the Committee’s requirements. Additionally, this material
met the specification developed at this meeting. Decreased weight gain in the F2
generation was observed at doses equal to 960–1100 mg/kg bw per day of curcumin; the NOEL was 250–320 mg/kg bw per day. The Committee noted that the
previous temporary ADI was derived from a study on turmeric oleoresin (79–85%
curcuminoids) that did not comply with the current specification. Taking into
account all of the data evaluated previously, the Committee withdrew the temporary designation and allocated an ADI of 0–3 mg/kg bw for curcumin, based on the
NOEL of 250–320 mg/kg bw per day in the multigeneration study in rats, and the
application of a safety factor of 100.
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EXPLANATION

Diacetyltartaric and fatty acid esters of glycerol (DATEM) were reviewed by the
Committee at its tenth and seventeenth meetings (Annex 1, references 13 and 32).
At its seventeenth meeting, the Committee allocated an ADI of 0–50 mg/kg bw on
the basis of the results of studies of biochemical and metabolic parameters and
tests in animals receiving DATEM in the diet. At the same meeting, the Committee also reviewed fatty acid esters of glycerol with acetic, citric, lactic and tartaric
acids and allocated a collective ADI “not limited” to this group, with the provision
that the intake of tartaric acid should not exceed 30 mg/kg bw per day.
At its fifty-first meeting (Annex 1, reference 137), the Committee established specifications for both the above-mentioned products under the name “diacetyltartaric
and fatty acid esters of glycerol”, as the Committee was aware that the two products
could not be distinguished analytically. At that meeting, the Committee recommended that the material defined in the specifications be evaluated toxicologically.
New data were evaluated at the fifty-seventh meeting and the previous ADI of
0–50 mg/kg of bw was made temporary, pending submission of additional information concerning adrenal medullary and cardiac lesions observed in the 2-year study
in rats. Significant increased incidences of both lesions in the group treated with a
high dose of DATEM and in the reference control group receiving an equivalent
quantity of monoglyceride had been noted in this study. No differences in survival
between the control group and the groups treated with DATEM were reported.

2.

BIOLOGICAL DATA

2.1

Additional data from the 2-year combined study of
toxicity and carcinogenicity in rats

An additional histopathological examination of the heart and adrenals of rats
from the 2-year combined study of toxicity and carcinogenicity (Meyer, 1992, 1994)
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was conducted in order to clarify interpretation of the results of the study and to
allow the identification of an NOEL. In this study, four groups of 50 male and 50
female specific pathogen-free Wistar rats were fed diets containing DATEM at 0,
3, 6 or 10% (equal to 0, 1300, 2400 or 4100 mg/kg bw per day for males and 0,
1600, 3400 or 6100 mg/kg bw per day for females) and 10, 7, 4 or 0% monoglycerides (Dimodan PM) for 2 years. An additional group of 50 rats of each sex was
given a basal diet containing neither DATEM nor monoglycerides and served as
a control for growth and survival.
Only tissues from rats in the groups that were maintained for the duration of
the study were used in this additional histopathological examination (i.e. tissues
from rats that were sacrificed after 1 year were not examined). The study focused
on the histopathological examination of heart tissue and adrenals only.
New samples of heart tissue received in fixative were prepared. In cases in
which new slides of heart tissue could not be prepared, the existing slides from
the original study were examined. The histological examination of the adrenals of
all animals receiving 0% or 10% DATEM, and of all males receiving 3% and 6%
DATEM was performed using existing slides from the original study. Slides of
adrenal tissue from all animals in the untreated control group and from females
receiving 3% and 6% DATEM were newly prepared.
The histopathological examination was carried out with a focus on myocardial
fibrosis and medullary hyperplasia, and was not done blindly. Histological alterations were noted and graded on a five-grade system:

• Grade 1: minimal/very few/very small
• Grade 2: slight/few/small
• Grade 3: moderate/moderate number/moderate size
• Grade 4: marked/many/large
• Grade 5: massive/extensive number/extensive size
In cases in which both hyperplasia and tumours of the adrenal medulla were
observed, only the tumours were recorded. Myocardial fibrosis and myocarditis
were scored independently. The results of the histopathological examination are
given in Tables 1 and 2.
Adrenal medulla
Proliferative changes (hyperplasia and neoplasia, mostly adrenal medullary
tumours designated as phaeochromocytoma) were present in all groups, including the untreated control group, at a relatively high incidence, except for in the
group receiving the reference substance only (i.e. 10% monoglyceride and 0%
DATEM).
There were no statistically significant differences in the incidence of the lesions
between untreated controls and groups treated with 6% or 10% DATEM. The statistically significant difference in incidence found in the group receiving the reference substance only and in the untreated control group suggests that the reference
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8
1
1
0
0

Total (all grades)

Tumours
Phaechromocytoma
Phaechromocytoma, malignant
Ganglioneuroma
Lymphoma, malignant
Osseous metaplasia

a

13

1
0
0
0
0

12

10
1
1
0

Female
50

2
0
0
0
0
3a

9a

1

1
0
0
0

Female
50

4
0
0
0
0

5

4
1
0
0

Male
50

10% reference
substance

One-sided exact Fisher test: p < 0.01 versus control group
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15
10
4
0

Hyperplasia
Grade 1
Grade 2
Grade 3
Grade 4

Hyperplasia and tumours

Male
50

Sex
No. of animals

Untreated
control group

Treatment

22a

6
0
0
0
0

16

12
2
2
0

Male
48

10

1
0
0
0
0

9

5
2
2
0

Female
50

7% reference
substance
+ 3% DATEM

Table 1. Incidence of lesions of the adrenal medulla (right and left sides) in rats

35

10
0
0
0
0

25

13
8
4
0

Male
50

13

0
0
0
1
0

13

7
5
1
0

Female
50

4% reference
substance
+ 6% DATEM

32

12
0
0
0
0

20

9
8
3
0

Male
49

21

4
0
0
0
2

17

9
5
1
2

Female
50

10% DATEM
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14
20
10
0
44

16
2
0
18

0
1
1

Myocardial fibrosis
Grade 1
Grade 2
Grade 3
Grade 4
Total (all grades)

Chronic myocarditis
Grade 1
Grade 2
Grade 3
Total (all grades)

Endocardial fibrosis
Grade 2
Grade 3
Total (all grades)

0
0
0

13
1
0
14

20
17
0
0
37

Female
50

0
0
0

22
8
0
30b

21
18
2
0
41

Male
50

0
0
0

27
1
0
28b

20
8
0
0
28b

Female
50

10% reference
substance

One-sided exact Fisher test: a p < 0.01; b p < 0.05 versus control group

Male
50

Sex
No. of animals

Untreated control
group

Treatment

Table 2. Incidence of lesions of the heart in rats

1
0
1

18
3
1
22

7
25
11
0
43

Male
49

0
0
0

15
1
0
16

18
14
2
0
34

Female
50

7% reference
substance + 3%
DATEM

0
0
0

20
6
0
26

13
25
9
0
47

Male
50

0
0
0

16
2
0
18

20
14
1
0
35

Female
50

4% reference
substance + 6%
DATEM

0
1
1

28
6
2
36a

19
18
6
1
44

Male
50

0
0
0

25
6
0
31a

18
6
1
0
25b

Female
50

10% DATEM
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substance, Dimodan PM/monoglycerides, has a beneficial nutritional effect on the
development of a lesion that has a high spontaneous incidence in this strain of rat.
This is also supported by the significantly lower incidence of these lesions in males
treated with 7% reference substance and 3% DATEM.
The incidence of adrenal lesions is inversely related to the energy intake for
each group, with group receiving the reference substance only having the highest
energy intake relative to the untreated controls, followed by groups receiving
increasing amounts of DATEM in the diet; energy intakes were 112.6%, 109.2%,
105.9% and 101.3% for groups receiving 0%, 3%, 6% or 10% DATEM, respectively, compared with the untreated control group (energy intake, 100%). This confirms data presented earlier by Rao et al. (1996), showing that the incidence of
adrenal medullary proliferative lesions in the rat is affected by the diet and that fat
and/or energy levels may be modulating factors.
Adrenal medullary tumours are known to occur with a relatively high incidence
in many strains of laboratory rats, and incidence is highest in males (Haschek,
2002; Duprat, 1990).
Heart
As described in Table 2, a high incidence of chronic progressive cardiomyopathy (myocarditis and myocardial fibrosis) was observed in this study, particularly in males; this is a common finding in ageing rats. Myocarditis, found at an
increased incidence in groups 2 and 5 (reference control and 10% DATEM) compared with untreated controls, may reflect a less advanced stage of the cardiomyopathic process of which myocardial fibrosis is considered to be the end
stage. There was no difference in the incidence of myocarditis in the group receiving reference substance only and the group receiving 10% DATEM.
In conclusion, these findings in conjunction with those reported earlier (Annex
1, reference 155) suggest that the NOEL for DATEM is 10% in the diet (equal to
4100 mg/kg bw per day in males and 6100 mg/kg bw per day in females) in the 2year combined study of toxicity and carcinogenicity.

3.

COMMENTS

At its present meeting, the Committee considered information provided on the
reassessment of the histopathological data related to adrenal and cardiac lesions
from the 2-year study in the rat. Higher incidences of these lesions were observed
in all groups in the reassessment compared with the earlier analysis, with the
exception of adrenal medullary tumours (designated as phaeochromocytomas) in
male rats. The incidence of adrenal medullary hyperplasia and adrenal medullary
tumours in groups treated with DATEM was not higher than in untreated controls.
The results of the reassessment indicated that 2 years of treatment with
DATEM did not affect the incidence of myocardial fibrosis. There was an increase
in the incidence of an inflammatory lesion, myocarditis, in the groups receiving
10% reference substance (monoglycerides) or 10% DATEM compared with
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untreated controls. This lesion was considered to reflect an earlier step in the
process leading to myocardial fibrosis. No difference in the incidence of myocarditis was observed between the reference control group and the group receiving
10% DATEM.

4.

EVALUATION

The Committee considered that the NOEL for DATEM was 10% in the diet
(equal to 4100 mg/kg bw per day in males and 6100 mg/kg bw per day in females)
corresponding to the highest dose tested in the 2-year combined study of toxicity
and carcinogenicity in the rat. The Committee removed the temporary designation
and allocated an ADI of 0–50 mg/kg bw, on the basis of the established NOEL with
the application of a 100-fold safety factor, and with the provision that the total intake
of tartaric acid from food additives should not exceed the ADI for tartaric acid (0–
30 mg/kg bw).

5.

REFERENCES

Duprat, P. (1990) In: Turusov, V.S. & Mohr, U., eds, Pathology of tumours in laboratory
animals: Tumours of the rat. IARC Scientific Publications No. 99, Lyon: IARCPress.
Haschek, W. (2002) Handbook of Toxicologic Pathology, New York: Academic Press.
Meyer, O. (1992) Combined chronic toxicity/carcinogenicity study with DATEM in rats.
Unpublished report No. IT 890451 from the Institute of Toxicology, National Food Agency
of Denmark, Søborg, Denmark. Submitted to WHO by the European Food Emulsifier
Manufacturers’ Association, Brussels, Belgium.
Meyer, O. (1994) Supplementary toxicity study with DATEM in rats. Dietary administration of
DATEM to rats for 6 months. Unpublished report No. IT 930413 from the Institute of
Toxicology, National Food Agency of Denmark, Søborg, Denmark. Submitted to WHO by
the European Food Emulsifier Manufacturers’ Association, Brussels, Belgium.
Rao, G.N., Edmondson, J., Hildebrandt, P.K. and Bruner, R.H. (1996) Influence of dietary
protein, fat and fibre on growth, blood chemistry and tumor incidences in Fischer 344
rats. Nutr. Cancer, 25, 269–279.

LACCASE FROM MYCELIOPHTHORA THERMOPHILA EXPRESSED IN
ASPERGILLUS ORYZAE
First draft prepared by
Mrs I.M.E.J. Pronk 1 and Dr C. Leclercq 2
Centre for Substances and Integrated Risk Assessment, National Institute
for Public Health and the Environment, Bilthoven, Netherlands; and
2
National Research Institute for Food and Nutrition, Rome, Italy

1

Explanation ...............................................................................
Construction of the production strain.................................
Biological data ..........................................................................
Biochemical aspects ..........................................................
Toxicological studies ..........................................................
Acute toxicity................................................................
Short-term studies of toxicity .......................................
Long-term studies of toxicity and carcinogenicity .......
Genotoxicity .................................................................
Reproductive toxicity....................................................
Special studies.............................................................
Skin irritation..........................................................
Eye irritation ..........................................................
Observations in humans ....................................................
Dietary intake............................................................................
Comments ................................................................................
Evaluation .................................................................................
References ...............................................................................

1.

67
68
69
69
69
69
70
71
71
71
71
71
72
72
73
75
75
76

EXPLANATION

The enzyme preparation under evaluation contains the active enzyme laccase,
which has not been evaluated previously by the Committee. Laccase is an enzyme
that catalyses the oxidation of phenolic compounds such as ortho- and para-diphenols to their corresponding quinones, with the concomitant reduction of oxygen to
water. This enzyme is marketed for use in the brewing of beer to prevent the formation of off-flavour compounds, such as trans-2-nonenal. Laccase scavenges
oxygen which otherwise would react with fatty acids, amino acids, proteins, and
alcohols to form off-flavour precursors.
The enzyme preparation (trade name, Flavourstar) is produced by submerged
fermentation of Aspergillus oryzae carrying a gene encoding a laccase from Myceliophthora thermophila. Many fungi and plants produce laccases, and enzymes
related to laccase are also produced by bacteria. They form a group of multi-copper
proteins of low specifity and catalyse the oxidation of a wide range of both o- and
p-quinols, and also aminophenols and phenylenediamine, with the concomittant reduction of oxygen to water. Although the specificity for the electron donor is low, the specificity for the acceptor (oxygen) is essential. Peroxides are not produced in the
reaction. The reaction can be described by the chemical equation given in Figure 1.
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Figure 1. Mechanism of oxidation catalysed by laccase
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The activity of the laccase enzyme preparation is measured by a colorimetric
method based on oxidation of the substrate chromophore syringaldazine under formation of tetramethoxy-azo-bismethylene-quinone, and is expressed as laccase
Myceliophthora units, or LAMU. Flavourstar has a typical activity of 1000 LAMU/g,
and has the following composition: total organic solids (TOS), approximately 5.3%;
sorbitol, approximately 30%; sodium lactate, approximately 5%; glucose, approximately 3%; glycine, approximately 2%; water, approximately 54.3%; potassium
sorbate, 0.2%; and sodium benzoate, 0.2%.
The evaluated enzyme preparation Flavourstar is used in the food industry as
a processing aid in the brewing of beer to prevent the formation of off-flavour components, such as trans-2-nonenal. During mashing, laccase scavenges oxygen
which otherwise would react with sensitive substances to form off-flavour components. Flavourstar is to be used at a maximum dosage of 350 g/ton of malt and
barley, corresponding to 350 000 LAMU/ton of malt and barley. One ton of malt and
barley renders approximately 6000 l of beer.
Toxicological studies have been performed with a liquid enzyme concentrate
(batch PPX 5720). This batch was obtained by mixing of three sub-batches, omitting formulation, stabilization and standardization. The composition of test batch
PPX 5720 is given in Table 1.
1.1

Construction of the production strain

The A. oryzae production strain, designated as Mt, was developed by transfection of the A. oryzae host strain How B711 (derived from the A 1560 strain) with
two plasmids, pRaMB17.WT and pToC90. The pRaMB17.WT plasmid contains the
laccase gene from the thermophilic fungus, M. thermophila, which is found in
decaying organic matter. The laccase gene is linked to DNA regulatory sequences,
a promoter and a terminator. The pRAMB17.WT plasmid also contains the bla
gene, which confers resistance to ampicillin, and other well-characterized DNA
sequences. The pToC90 plasmid contains the amdS gene, which encodes
acetamidase and enables A. oryzae to metabolize acetamide in the absence of
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Table 1. Composition of laccase enzyme
preparation, batch PPX 5720
PPX 5720
Enzyme activity, LAMU/g
TOS (% w/w)
Ash (% w/w)
Water (% w/w)
Density (g/ml)

3130
16.6
0.3
83.1
1.039

From Brinch & Pedersen, 2002; Jensen, 2002
TOS, total organic solids

other sources of carbon or nitrogen; it is also used as a selection marker. The
pToC90 plasmid also contains the bla gene.
The transformants were selected after growth on a medium containing
acetamide as the sole nitrogen source and screening for ability to produce laccase. One colony was selected and subjected to chemical mutagenesis and
screening for high yield of laccase. A transformant producing an adequately
high quantity of laccase was selected for use as the laccase production strain
A. oryzae Mt.
The genetic material introduced into the production strain has been well characterized by known molecular biology methods and does not contain any
sequences that would encode proteins that are toxic or that produce toxic or undesirable substances. The laccase gene is stably integrated into the A. oryzae
genome. Although the introduced DNA contains the bla gene, this gene is not
expressed because it is under the control of a bacterial promoter that is not functional in the eukaryotic fungus A. oryzae. Furthermore, the bla gene is stably integrated into the host genome. Thus, the laccase preparation does not contain the
bla gene product, i.e. the enzyme b-lactamase that hydrolyses and inactivates
ampicillin. No bla DNA was detected in the laccase preparation.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

The M. thermophila laccase enzyme was assessed for potential allergenicity
by amino acid sequence comparison with allergens listed in publicly available
protein databases. No immunologically significant sequence homology was
detected.
2.2

Toxicological studies

2.2.1

Acute toxicity

The results of studies of acute toxicity with (undiluted) laccase (batch PPX
5720) are summarized in Table 1. The original test reports were not available, but
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Table 2. Results of studies of acute toxicity with
laccase (batch PPX 5720) in male and female rats
Species

Route of
administration

LD(C)50

Rat

Oral
Dermal
Inhalation

>12 ml/kg bwa
>12 ml/kg bwa
>5.16 mg/lb

From Brinch & Pedersen (2002)
a
Equivalent to 39 025 LAMU or 2.07 g of TOS/kg bw
b
Equivalent to 16.12 LAMU or 0.85 mg of TOS/l. Exposure
was to aerosolized laccase by snout only

it was stated that the studies were performed in compliance with good laboratory
practice (GLP) and OECD test guidelines.
2.2.2

Short-term studies of toxicity
Rats

In a 2-week range-finding study, groups of five male and five female rats (strain,
age and body weight not stated) received laccase (batch PPX 5720) at a dose of
0, 1, 3.3, or 10 ml/kg bw (equivalent to 0, 3252, 10 732, or 32 521 LAMU/kg bw per
day, or 0, 0.17, 0.56, or 1.7 g/kg bw per day expressed as TOS) by oral gavage for
2 weeks. No adverse effects on survival, clinical signs, body weights, food and
water consumption, macroscopy or organ weights were observed at up to the
highest dose of 10 ml/kg bw per day (Brinch & Pedersen, 2002). The original test
report was not available.
Groups of 10 male and 10 female CD rats (aged 30–37 days) received water
containing laccase (batch PPX 5720) by oral gavage at a dose of 0, 0.1, 1, or
10 ml/kg bw per day (equivalent to 0, 325, 3252, or 32 521 LAMU/kg bw per day, or
0, 0.017, 0.17, or 1.7 g/kg bw per day expressed as TOS) for 13 weeks. The study
followed OECD test guideline 408 (1981), and was certified for compliance with
GLP and quality assurance. Animals and cage-trays were inspected at least twice
a day for reactions to treatment or ill health. All animals were observed individually before and after dosing daily during week 1 of treatment, twice weekly during
weeks 2–4 and once a week during weeks 5–13. In addition, all animals underwent weekly a detailed physical examination, including palpation. Body weight and
food consumption were recorded weekly. Food conversion efficiency was calculated. Food and water were freely available. Ophthalmoscopy was carried out on
all animals before treatment and during week 12 on animals in the control group
and the group receiving the highest dose. During week 13, haematological and
clinical chemistry parameters were analysed for all animals. The absolute weights
of 12 organs were determined and adjusted for body weight. All animals were
examined macroscopically. Microscopy was carried out on about 30 organs and
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tissues of all animals in the control group and the group receiving the highest dose,
and on all macrospically abnormal tissues.
No effects on survival, behaviour, ophthalmoscopy, body weight, food consumption or feed efficiency were observed. Haematological analysis only showed
slightly higher platelet counts in treated females (statistically significant only at the
highest dose, p < 0.01). As this parameter was not affected in males, and prothrombin time (another parameter relating to blood clotting) was not affected in
either males or females, this effect is not considered to be toxicologically relevant.
Clinical chemistry revealed slightly higher (but significantly, p < 0.05) activities of
serum alkaline phosphatase and slightly lower (but significantly, p < 0.01) creatinine values in females at the highest dose. As this effect was not observed in
females at the lower doses, nor in males, these changes were not considered to
be toxicologically relevant. Other minor but significant changes in clinical chemical parameters did not show any dose–response relationship and were thus considered to represent normal biological variation. Organ weights, macroscopy and
microscopy did not show any changes related to treatment. The Committee concluded that in this 13-week study in rats treated orally, the NOEL for laccase (batch
PPX 5720) was the highest dose, 10 ml/kg bw per day (equivalent to 32 521
LAMU/kg bw per day, or 1.7 g/kg bw per day expressed as TOS) (Bolton, 1997;
Brinch & Pedersen, 2002).
2.2.3

Long-term studies of toxicity and carcinogenicity

No information was available.
2.2.4

Genotoxicity

The results of two studies of genotoxicity in vitro with laccase (batch PPX 5720)
are summarized in Table 2. The two studies followed OECD test guidelines, 471
(1997) and 473 (1983), respectively, and were certified for compliance with GLP
and quality assurance.
2.2.5

Reproductive toxicity

No information was available.
2.2.6

Special studies
(a)

Skin irritation

A semi-occluded application of 0.5 ml laccase (PPX 5720) was applied to the
closely-clipped dorsa of three New Zealand white rabbits for 4 h. Dermal reactions
were assessed at 0.5–1, 24, 48 and 72 h after removal of the test substance. After
the period of observation, the animals were killed and examined macroscopically.
No dermal reactions were observed (Brinch & Pedersen, 2002). The original test
report was not available. It was stated that the study complied with GLP and OECD
test guidelines.
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Table 3. Results of studies of genotoxicity with laccase (batch PPX 5720)
End-point
In vitro
Reverse
mutation

Chromosomal
aberration

Test object

Concentration

Results

References

S. typhimurium
TA98, TA100,
TA1535, TA1537
and E. coli
WP2uvrA

156–5000 mg/ml
for S. typhimurium
strains and 156–
5000 mg/plate for
E. coli. Solvent
sterile water

Negativea

Pedersen (1998);
Brinch &
Pedersen (2002)

Human
lymphocytes

25–100 mg/ml -S9;
1000–5000 mg/ml
+S9 in culture
medium

Negativeb

Edwards (1997);
Brinch &
Pedersen (2002)

S9, 9000 ¥ g supernatant of rat liver homogenate
a
In the presence and absence of metabolic activation from S9; no cytotoxicity was seen.
Owing to the presence of free amino acids (e.g. histidine and tryptophan) in the laccase
preparation, the growth of Salmonella strains requiring histidine was significantly
increased after direct-plate incorporation. Therefore, the Salmonella strains were
exposed to the a-amylase preparation in a phosphate-buffered nutrient broth in liquid
culture (“treat-and-plate assay”) at six concentrations (highest dose, 5 mg/ml) for 3 h.
After incubation, the test substance was removed by centrifugation before plating.
Stimulation of growth of E. coli strains requiring tryptophan was only weak and
insignificant
b
In the presence and absence of metabolic activation from S9. Cell cultures in the
absence of S9 were treated for 19 or 43 h continuously and then harvested. Cell cultures
in the presence of S9 were treated for 3 h and harvested 16 or 40 h later. Concentrations
tested in the absence of S9 were 25, 50, and 100 mg/ml at 19 h and 100 mg/ml at 43 h.
Concentrations tested in the presence of S9 were 1000, 3000, and 5000 mg/ml at 19 h
and 5000 mg/ml at 43 h. The test was duplicated. Mitotic inhibition in the absence of S9
was 62–69% at 100 mg/ml at both sampling times. In the presence of S9, mitotic
inhibition at 5000 mg/ml was 42–61% at 19 h and 10–18% at 43 h. Some small but
significant increases in the percentage of cells with chromosomal aberrations were seen
both in the absence and presence of S9. However, these increases did not show any
dose–response relationship, were poorly reproducible between the duplicate assays and
were within the range of historical control values (except in one case). Therefore the
increases were not considered to be biologically relevant

(b)

Eye irritation

Three New Zealand white rabbits received a single ocular instillation of 0.1 ml
of laccase (batch PPX 5720). Ocular reactions were assessed at 1, 24, 48 and
72 h after instillation. No ocular reactions were observed (Brinch & Pedersen,
2002). The original test report was not available. It was stated that the study complied with GLP and OECD test guidelines.
2.3

Observations in humans

In a repeated patch test, 100 volunteers received nine applications of 0.5 ml of
a 10% (w/v) solution of laccase (batch PPX 5720) in distilled water on an occlu-
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sive patch (area, 2 ¥ 2 cm), each for 24 h, on a Monday–Wednesday–Friday schedule lasting 3 weeks. Two weeks after the final application, each person received
on each arm a patch soaked with a 10% solution of laccase (batch PPX 5720),
which was removed after 24 h. Reactions were scored after 48 and 96 h. Three out
of 100 persons had evidence of possible skin sensitization and showed similar
responses to one or both of two other enzymes that were tested at the same time
in this study. When rechallenged with laccase at two concentrations (10% and 1%
w/v) after approximately 1 month, none of these three persons had any evidence
of skin sensitization to laccase only when tested at both 10 and 1% (w/v) (Brinch
& Pedersen, 2002). The original test report was not available, but it was stated
that the study was performed in compliance with GLP and OECD test guidelines.

3.

DIETARY INTAKE

When the laccase preparation is used in the brewing of beer during mashing
of malt, barley, or other starch sources, it is inactivated during wort boiling and
removed during subsequent stages of the production process. Therefore, an estimate of intake would not normally be necessary for this application. Nevertheless,
a very conservative estimate of daily intake resulting from consumption of beer
was performed on the basis of the following assumptions:

• All TOS from the fermentation (mainly protein and carbohydrate components)
remain in the final beer;

• The laccase preparation contains 5.3% TOS;
• All beers are produced with laccase as a processing aid, at the recommended
dosage (350 g per ton of barley and/or malt);

• The recommended dosage and TOS content of the enzyme preparation were
provided by the sponsor (Jensen, 2002).
According to the budget method, the upper physiological intake of liquid is
100 ml/kg bw per day, or 6 l for a 60-kg person (Hansen, 1979). A “worst-case” scenario is that of ingestion of beer of 50 ml/kg bw per day of beer, leading to an intake
of 0.15 mg of TOS/kg bw per day (350 ¥ 5.3% ¥ 0.05 / 6), i.e. 9 mg of TOS per
day for a 60-kg person.
Since laccase is the subject of increasing interest for various applications other
than brewing, conservative estimates were performed to account for its use in other
products. The Food & Drug Administration of the United States had received “generally recognized as safe” (GRAS) notices for the specific laccase under evaluation by the Committee for use in chewing gum, mouthwash, breath mints and
toothpaste (Food & Drug Administration, 2003). Laccase enzyme preparations
were not reported by any Member State of the European Union in the inventory
of enzymes used as processing aids that was compiled for scientific cooperation
(SCOOP) Task 7.4 (European Commission, 2000), but this inventory is not
exhaustive.
Conservative estimates were therefore performed for the use of laccase in
chewing gum, mouthwash, breath mints and toothpaste on the basis of recom-

74

LACCASE FROM M. THERMOPHILA EXPRESSED IN A. ORYZAE

mended dosages and TOS content provided by the producer (Jensen, personal
communication).
A “worst-case” value for human intake via chewing gum was estimated on the
basis of the following assumptions:

• All chewing-gum products are produced with laccase, and contain the highest
recommended dosage of laccase (0.16 g per stick of chewing gum);

• All TOS (1.33%) is released from chewing-gum products;
• A conservative estimate of intake of chewing gum is 10 sticks per day
(1 packet).
On the basis of these assumptions, the “worst-case” daily intake of laccase
enzyme preparation in chewing gum was 0.35 mg of TOS/kg bw per day (0.16 ¥
1000 ¥ 1.33% ¥ 10 sticks / 60), i.e. 21 mg of TOS per day for a 60-kg subject.
A “worst-case” estimate of intake of laccase from mouthwash was made on the
basis of the following assumptions:

• All mouthwash products contain laccase at the highest recommended dosage
(0.4 g per application);

• All the mouthwash is swallowed (12 g per application) and all TOS (1.33%) are
ingested;

• The maximum frequency of use of mouthwash is three times per day.
On the basis of these assumptions, the “worst-case” daily intake of laccase
enzyme preparation in mouthwash was 0.26 mg of TOS/kg bw per day ([0.4 ¥ 1000
¥ 1.33% ¥ 3] / 60), i.e. 16 mg of TOS per day for a 60-kg person.
A “worst-case” intake of laccase enzyme preparation from breath mints was
estimated on the basis of the following assumptions:

• All breath mints tablets are produced with laccase and contain the highest recommended dosage of laccase (0.08 g per tablet).

• All TOS (1.33%) is released from breath-mint products.
• A conservative estimate of intake of breath mints is 12 tablets per day
(1 packet).
On the basis of these assumptions, the “worst-case” daily intake of laccase
enzyme preparation on breath-mint tablets was 0.21 mg of TOS/kg bw per day
(0.08 ¥ 1000 ¥ 1.33% ¥ 12 / 60), i.e. 12.8 mg of TOS per day for a 60-kg subject.
An exaggerated intake from toothpaste was estimated on the basis of the following assumptions:

• All toothpaste products contain laccase at the highest recommended dosage
(0.08 g per application).

• All the toothpaste is swallowed (1.5 g per application), and all the TOS (1.33%)
is ingested.

• The frequency of use of toothpaste is three times per day.

LACCASE FROM M. THERMOPHILA EXPRESSED IN A. ORYZAE

75

On the basis of these assumptions, the “worst-case” daily intake of laccase
enzyme preparation in toothpaste was 0.05 mg of TOS/kg bw per day (0.08 ¥ 1000
¥ 1.33% ¥ 3 / 60), i.e. 3.2 mg of TOS per day for a 60-kg person.
The ratio between the NOEL for TOS of 1.7 g/kg bw per day in the 13-week
study of oral toxicity and the cumulative intake deriving from all the conservative
estimates is nearly 2000.

4.

COMMENTS

Toxicological studies were conducted on the liquid enzyme concentrate (LEC).
The materials added to the LEC for stabilization, formulation and standardization
have either been evaluated previously by the Committee or are common food constituents and do not raise safety concerns.
In a 13-week study in rats, no significant treatment-related effects were seen
when the LEC was administered by oral gavage at doses of up to and including
10 ml/kg bw per day. This highest dose tested (equivalent to an intake of 1700 mg
of TOS/kg bw per day) was the NOEL. The LEC was not active in an assay for
mutagenicity in bacteria in vitro or in an assay for chromosomal aberrations in
mammalian cells in vitro. Studies of dermal and ocular irritation in rabbits revealed
no treatment-related effects. The LEC did not show skin sensitizing potential in a
repeated patch test in humans.
In the brewing of beer, the laccase preparation is added during the mashing
process and is denatured and inactivated during the subsequent wort-boiling
stage. The beer filtration process is likely to remove the denatured enzymes along
with other insoluble materials. Thus no residual LE399 a-amylase is expected to
be present in food processed with this enzyme preparation.
A very conservative estimate of daily intake from beer was performed on the
basis of the assumption that all the TOS would persist in the final product. This
gave an estimated daily intake of 9 mg of TOS per day (equivalent to 0.15 mg/kg
bw per day). As the Committee was aware that laccases are receiving increasing
interest for various applications other than brewing, e.g. in chewing gum, mouthwash, breath mints and toothpaste, conservative estimates of daily intakes resulting from these uses were made, resulting in the following values: chewing gum,
2 mg of TOS per day (equivalent to 0.35 mg/kg bw per day for a 60-kg person);
mouthwash, 16 mg of TOS per day (equivalent to 0.26 mg/kg bw per day for a 60kg person); breath mints, 12.8 mg of TOS per day (equivalent to 0.21 mg/kg bw per
day for a 60-kg person); and toothpaste, 3.2 mg of TOS per day (equivalent to
0.05 mg/kg bw per day for a 60-kg person). The ratio between the NOEL for TOS
of 1700 mg/kg bw per day from the 13-week study of oral toxicity and the cumulative intake deriving from all these conservative estimates is nearly 2000.

5.

EVALUATION

The Committee allocated an ADI “not specified” to laccase from this recombinant strain of A. oryzae, used in the applications specified and in accordance with
good manufacturing practice.

76

6.

LACCASE FROM M. THERMOPHILA EXPRESSED IN A. ORYZAE

REFERENCES

Bolton, N. (1997) Laccase, PPX 5720: Toxicity study by oral (gavage) administration to CD
rats for 13 weeks. Unpublished report No. NLE186/9703426 from Huntingdon Life Sciences Ltd., Suffolk, England. Submitted to WHO by Novozymes A/S, Bagsvaerd,
Denmark.
Brinch, D.S. & Pedersen, P.B. (2002) Toxicological studies on laccase from Myceliophthora
thermophila expressed in Aspergillus oryzae. Regul. Toxicol. Pharmacol., 35, 296–307.
Edwards, C.N. (1997) Laccase, PPX 5720: Lymphocyte cytogenetic study. Unpublished
report No. NLE188/970101 from Huntingdon Life Sciences Ltd., Suffolk, England. Submitted to WHO by Novozymes A/S, Bagsvaerd, Denmark.
Jensen, B.R. (2002) Laccase enzyme preparation produced by a strain of Aspergillus oryzae
containing the gene coding for laccase in Myceliophthora thermophila inserted by recombinant DNA techniques. Laccase. FlavourstarTM. Unpublished report No. 2002-46914-01
from Novozymes A/S, Bagsvaerd, Denmark. Submitted to WHO by Novozymes A/S,
Bagsvaerd, Denmark.
Pedersen, P.B. (1998) Laccase (batch number: PPX 5720): Test for mutagenic activity with
strains of Salmonella typhimurium and Escherichia coli. Unpublished report No. 988041
from Novo Nordisk A/S, Bagsvaerd, Denmark. Submitted to WHO by Novozymes A/S,
Bagsvaerd, Denmark
European Commission (2000) Report on task for scientific cooperation (SCOOP). Report of
experts participating in Task 7.4. Study of the enzymes used in foodstuffs and collation
of data on their safety (http://www.europa.eu.int/comm/food/fs/scoop/index_en.html).
Food & Drug Administration (2003) List of the substances that are the subject of each GRAS
Notice (http://www.cfsan.fda.gov/~rdb/opa-gras.html).
Jensen, B.R. (2002) Laccase enzyme preparation produced by a strain of Aspergillus oryzae
containing the gene coding for laccase in Myceliophthora thermophila inserted by recombinant DNA techniques. Laccase. FlavourstarTM. Unpublished report No. 2002-46914-01
from Novozymes A/S, Bagsvaerd, Denmark. Submitted to WHO by Novozymes A/S,
Bagsvaerd, Denmark.

MIXED XYLANSE, b-GLUCANASE ENZYME PREPARATION PRODUCED
BY A STRAIN OF HUMICOLA INSOLENS
First draft prepared by
Mrs I.M.E.J. Pronk1 and Dr C. Leclercq2
Centre for Substances and Integrated Risk Assessment, National Institute
for Public Health and the Environment, Bilthoven, Netherlands; and
2
National Research Institute for Food and Nutrition, Rome, Italy

1

Explanation ...............................................................................
Biological data ..........................................................................
Biochemical aspects ..........................................................
Toxicological studies ..........................................................
Acute toxicity................................................................
Short-term studies of toxicity .......................................
Long-term studies of toxicity and carcinogenicity .......
Genotoxicity .................................................................
Reproductive toxicity....................................................
Observations in humans ....................................................
Dietary intake............................................................................
Comments ................................................................................
Evaluation .................................................................................
References ...............................................................................

1.

77
78
78
78
78
79
79
79
80
80
80
81
82
82

EXPLANATION

The mixed b-glucanase and xylanase preparation under evaluation is produced
by fed-batch, submerged, pure culture fermentation of a strain of Humicola
insolens that is non-pathogenic and non-toxigenic. This enzyme mixture has not
been evaluated previously by the Committee.
The enzyme preparation contains two main activities, b-glucanase and
xylanase, and several secondary activities, including cellulase, hemicellulase, pentosanase and arabinase. The preparation is used in beer brewing to hydrolyse
b-glucans, pentosans and other gums. This reduces the viscosity of the solution
and thereby increases the filtration rate of both wort and beer and improves beer
clarity. The production strain has been selected for improved enzyme production.
The manufacturing procedure comprises a fermentation process, a purification
process, a formulation process and finally quality control of the finished product.
The cell mass and other solids are separated from the broth by filtration or centrifugation. Ultrafiltration and/or evaporation are used for concentration and further
purification. The liquid enzyme concentrate (LEC) is then stabilized, formulated
and standardized by the addition of sorbitol, glycerol, and potassium sorbate.
b-Glucanase hydrolyses the barley b-glucans under formation of monoor oligomers. Xylanase hydrolyses xylosidic linkages in the arabinoxylan backbone resulting in a depolymerization of the arabinoxylans into smaller oligosaccharides.
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The evaluated enzyme preparation, known as “Ultraflo L”, is used in the food
industry as a processing aid. It is mainly used in the brewing of beer, but may also
be used in the alcohol industry, to increase the filtration rate of both wort and beer,
and prevent the formation of haze. The recommended dosage is 200 g of the
enzyme preparation per 1000 kg of total raw materials, but is dependent on the
composition of the raw material. The mixed b-glucanase/xylanase preparation is
also marketed within the European Union as a feed-additive under the name of
“Pentopan/Biofeed Plus.”
The mixed enzyme preparation is standardized on the main activity, b-glucanase. It has a typical activity of 45 fungal b glucanase (FBG) per g. In addition,
the enzyme preparation contains approximately 470 farbe xylanase units (FXU)
per g. The typical composition of Ultraflo L is as follows: total organic solids (TOS),
approximately 5%; water, approximately 40%; glycerol, approximately 28%; sorbitol, approximately 27%; potassium sorbate, approximately 0.2%.
Toxicological studies have been performed with an LEC (batch PPC 5569),
omitting formulation, stabilization and standardization. In these studies, batch PPC
5569 was named Pentopan/Biofeed Plus; the composition of batch PPC 5569 is
given in Table 1.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects
No information was available.

2.2

Toxicological studies

2.2.1

Acute toxicity

No information was available.

Table 1. Composition of mixed enzyme preparation
Batch PPC 5569
Enzyme activity, FBG/g
FXU/g
EGU/g
TOS (% w/w)
Density (g/ml)

45
644
82.1
6.1
1.021

From Jensen (2002); Pedersen (2002)
EGU, units of endo-cellulase activity; FXU, farbe xylanase
units; FBG, fungal b-glucanase; TOS, total organic solids
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Short-term studies of toxicity
Rats

Groups of 10 male and 10 female Wistar rats (body weight: males, 155.9–
156.3 g; females 123.1–123.8 g) received water containing the mixed enzyme
preparation (batch PPC 5569, also known as Pentopan/Biofeed Plus) at a dose of
0, 1, 3.3, or 10.2 g/kg bw per day (equivalent to 0, 644, 2125, or 6569 FXU/kg bw
per day, 0, 45, 149, or 459 FBG/kg bw per day, and 0, 0.06, 0.20, or 0.62 g/kg bw
per day of TOS) by oral gavage for 13 weeks. The study was performed according to OECD test guideline 408 (1981), and was certified for compliance with good
laboratory practice (GLP) and quality assurance. All animals were checked daily
for mortality and moribundity, general condition and behaviour. Ophthalmoscopy
was performed before treatment for all rats in all groups and at the end of treatment for all rats in the control group and in the group receiving the highest dose.
Body weight and food consumption were recorded weekly and food conversion
efficiency was calculated. Food and water were freely available. During week 13,
haematology, clinical chemistry and urine analysis were performed for all animals.
Absolute and relative (to body weight) weights of eight organs were determined.
All animals were examined macroscopically. Microscopy was performed on about
40 organs and tissues from all animals in the control group and in the group receiving the highest dose. In addition, kidneys, liver and lungs from all animals in the
groups receiving the low and intermediate doses, and all macroscopically abnormal tissues were examined microscopically.
No effects on survival or behaviour were seen. Ophthalmoscopy was normal.
Body-weight gain was normal. Food consumption of males at the highest dose
was slightly, but significantly, decreased during the first few weeks of the study.
Food conversion did not show significant changes. There were no abnormalities
in haematological or clinical chemistry parameters or in urine analysis. The renal
clearance test showed a significant decrease in the density of the urine of males
at the low and intermediate doses. Urinary volume was slightly, but not significantly, higher in males in all treated groups, but no dose–reponse relationship was
seen. Organ weights were normal and macroscopy and microscopy did not reveal
any effects related to treatment. It can be concluded that in this 13-week study in
rats treated orally, the NOEL for batch PPC 5569 was the highest dose, 10.2 g/kg
bw per day (equivalent to 6569 FXU plus 459 FBG/kg bw per day and 0.62 g of
TOS/kg bw per day) (Lina, 1997; Pedersen, 2002).
2.2.3

Long-term studies of toxicity and carcinogenicity

No information was available.
2.2.4

Genotoxicity

The results of two assays for genotoxicity in vitro with batch PPC 5569
(Pentopan/Biofeed Plus) are summarized in Table 2. Both studies followed OECD
test guidelines, 471 (1983) and 473 (1983), respectively, and were certified for
compliance with GLP and quality assurance.
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Table 2. Results of studies of genotoxicity with batch PPC 5569
(Pentopan/Biofeed Plus)
End-point
In vitro
Reverse
mutation
Chromosomal
aberration

a

b

Test object

Concentration

Results

References

S. typhimurium
TA98, TA100,
TA1535, TA1537

313–10 000 mg/ml
Solvent: sterile
water

Negativea

Pedersen (1996);
Pedersen (2002)

Human
lymphocytes

2450, 3500, and
5000 mg/ml in sterile
water

Negativeb

Marshall (1996);
Pedersen (2002)

In the presence and absence of metabolic activation from S9, no cytotoxicity was seen.
Owing to the presence of free amino acids, e.g. histidine, in the mixed bglucanase/xylanase preparation, the growth of Salmonella strains requiring histidine was
significantly increased after direct-plate incorporation. Therefore, the Salmonella strains
were exposed to Pentopan/Biofeed Plus in in a phosphate-buffered nutrient broth in
liquid culture (“treat-and-plate assay”) for 3 h, at six concentrations, the highest dose
being 10 mg/ml. After incubation the test substance was removed by centrifugation prior
to plating
In the presence and absence of metabolic activation from S9. In the absence of S9,
cells were exposed continuously for 20 h and then harvested (mitotic inhibition, 59% at
5000 mg/ml); in the presence of S9, cells were exposed for 3 h and harvested 17 h later
(mitotic inhibition, 24% at 5000 mg/ml). In the second experiment, in the absence of S9,
cells were exposed for 20 h, and for 44 h at the highest dose, and then harvested
(mitotic inhibition, 37% and 32% after 20 h and 44 h, respectively, at 5000 mg/ml). In the
presence of S9, cells were exposed for 3 h and harvested 17 or 41 h later (mitiotic
inhibition, 4% and 0% respectively, at 5000 mg/ml)
S9, 9000 ¥ g supernatant of rat liver homogenate

2.2.5

Reproductive toxicity

No information was available.
2.3

Observations in humans
No information was available.

3.

DIETARY INTAKE

A complete and comprehensive list of enzymes and their uses in food manufacturing in the European Union is not available, but an inventory of enzyme use
in nine Member States was compiled for scientific cooperation (SCOOP) Task 7.4
(European Commission, 2000). It was reported that the specific enzyme preparation under evaluation was in use in beer production in Denmark.
Although it is not necessary to perform intake estimates since enzymes or other
organic solids from the enzyme preparation are not expected to persist in the final
product, very conservative estimates of daily intakes were made. Recommended
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dosage and TOS content of the enzyme preparation were provided by the sponsor
(Jensen, 2002).
A “worst-case” scenario for intake from beer was estimated on the basis of the
following assumptions:

• All TOS from fermentation (mainly protein and carbohydrate) remain in the
beer.

• The enzyme preparation contains 5.1% TOS.
• All beers are produced using mixed b-glucanase/xylanase as a processing aid
at the recommended dosage (200 g per ton of barley and/or malt).

• One ton of barley and/or malt will produce 6000 l of beer.
According to the budget method, the upper physiological intake of liquid is
100 ml/kg bw per day, or 6 l for a 60-kg person (Hansen, 1979). A “worst-case” scenario is that of ingestion at 50 ml/kg bw per day of of beer, corresponding to an
intake of 0.085 mg of TOS/kg bw per day (200 ¥ 5.1% / 6 ¥ 0.05), i.e. 5.1 mg of
TOS per day for a 60-kg person.
The “worst case” scenario for intake from alcohol in spirits was estimated on
the basis of the following assumptions:

• All TOS from the fermentation (mainly protein and carbohydrate components)
remain in the final distilled alcohol.

• The enzyme preparation contains 5% TOS.
• All alcohol is produced with mixed b-glucanase/xylanase as a processing aid,
used at the recommended dosage (200 g per ton of starch).

• One ton of starch will result in 640 l of pure alcohol.
• One litre of spirit contains 350 ml of pure alcohol.
A “worst-case” scenarion is that of ingestion of 0.5 l of spirit, leading to an intake
of 0.04 mg of TOS/kg bw per day ([0.5/60] ¥ 0.35 ¥ 5% ¥ 200 ¥ 1000/640), i.e.
2.7 mg of TOS per day for a 60-kg person.
Assuming that all TOS would persist in the final products, very high intakes of
beer and spirits lead to an estimated cumulative daily intake of 0.125 mg of TOS/kg
bw. Compared with the NOEL of 0.62 g of TOS/kg bw per day in the 13-week study
of oral toxicity, the margin of safety is nearly 5000.

4.

COMMENTS

Toxicological studies were conducted on the LEC. The materials added to the
LEC upon stabilization, formulation and standardization have either been evaluated previously by the Committee or are common food constituents and do not
raise safety concerns.
In a 13-week study in rats, no significant treatment-related effects were seen
when the LEC was administered orally by gavage at doses of up to and including
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10.2 g/kg bw per day. Therefore this highest dose (equivalent to an intake of
0.62 g of TOS/kg bw per day) was the NOEL. The LEC was not active in an assay
for mutagenicity in bacteria in vitro nor in an assay for chromosomal aberrations
in mammalian cells in vitro.
The enzyme preparation is added during the mashing process of beer-making
and the enzymes are denatured and inactivated during the subsequent wort-boiling
stage. The beer filtration process is likely to remove the denatured enzymes along
with other insoluble materials. The preparation may also be used in the spirits
industry; again, in this case, no enzymes or other organic solids are expected to
be carried over into the final product because ethanol is removed by distillation
from the fermentation mash containing the enzyme preparation. In conclusion, no
residual enzymes are expected to be present in food processed using this enzyme
preparation. The Committee is not aware of any other uses for this enzyme mixture
in which the enzymes might persist in the final product.
Very conservative estimates of daily intakes were performed on the basis of
the assumption that all TOS would persist in final products. These gave an estimated daily intake of 5.1 mg of TOS/day (equivalent to 0.085 mg/kg bw per day)
for beer and 2.7 mg of TOS/day (equivalent to 0.04 mg/kg bw per day for a 60-kg
person) for spirits. Compared with the NOEL of 0.62 g of TOS/kg bw per day in the
13-week study of oral toxicity, the margin of safety is nearly 5000.

5.

EVALUATION

The Committee allocated an ADI “not specified” to mixed b-glucanase/xylanase
from the production strain H. insolens, used in the applications specified and in
accordance with good manufacturing practice.

6.
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EXPLANATION

Neotame is a dipeptide methyl ester that is intended for use in food as a sweetener and flavour enhancer in a variety of applications. Neotame, the common
name for N-[N-(3,3-dimethylbutyl)-L-a-aspartyl]-L-phenylalanine 1-methyl ester, is
chemically related to aspartame. It has a sweetness potency of 7000–13 000 times
greater than that of sucrose and 30–60 times greater than that of aspartame,
depending on the food matrix in which it is used. Neotame, a white/off-white
powder, is manufactured from aspartame and 3,3-dimethylbutyraldehyde in a onestep chemical synthesis, which includes a reductive alkylation, followed by purification, drying, and milling. Neotame has not been evaluated previously by the
Committee.
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Figure 1. Chemical structure of neotame

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

2.1.1

Absorption, distribution, metabolism and excretion

The absorption, distribution, metabolism and excretion of neotame have been
studied in mice, rats, dogs, rabbits and humans. After oral administration, approximately 20–30% of the administered dose is absorbed and rapidly converted to the
major metabolite, N-[N-(3,3-dimethylbutyl)-L-a-aspartyl]-L-phenylalanine (de-esterified neotame) and a number of minor metabolites. Neotame and its metabolites
are rapidly eliminated in the urine and faeces. The metabolism of neotame, including pathways for minor metabolites comprising >1% of the dose, is described in
Figure 2.
Mice
The plasma concentrations of neotame and de-esterified neotame were examined during a 2-year study of carcinogenicity in CD-1 mice at doses of up to 4000
mg/kg bw per day. In this study, the effects of dose, duration of dosing, and sex
were evaluated. Details of the study are provided in section 2.2.3.
Neotame and de-esterified neotame were detected in the plasma at all doses.
There were no sex-specific differences in plasma concentrations of neotame or
de-esterified neotame. Plasma concentrations of neotame and de-esterified
neotame generally increased with increasing dose. There was no evidence for
accumulation of either neotame or de-esterified neotame with continued treatment
(Thomford & Carter, 1997a).
Rats
In a study examining the distribution of neotame in rat tissues, 21 male Lister
Hooded rats were given [14C]neotame by gavage in a single oral dose of 15 mg/kg
bw. Animals were killed in groups of three at various times up to 48 h. Samples of
blood and specified tissues were taken from all animals at termination, and the
amount of radiolabel in each specimen was determined.
Plasma concentrations of radiolabel peaked at 1 h after dosing, and decreased
to approximately 10% of this value by 6 h. Most of the radiolabel was excreted
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Figure 2. Metabolism of neotame
Major metabolite
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The major metabolic pathway is de-esterification of neotame to N-[N-(3,3dimethylbutyl)-L-a-aspartyl]-L-phenylalanine (NC-00751) and methanol. Minor
metabolites are N-(3,3-dimethylbutyl)-L-aspartic acid (NC-00754), a metabolite
formed via peptide or amide hydrolysis of neotame; 3,3-dimethylbutyric acid (NC00785), also referred to as 3,3-dimethylbutanoic acid; the carnitine conjugate of 3,3dimethylbutyric acid (NC-00784); and the glucuronide conjugate of
3,3-dimethylbutyric acid (NC-00785).

within 24 h. The largest amounts of radiolabel were found in the contents of the
gastrointestinal tract, with moderate amounts in the liver and kidney. Radiolabel
was not retained in any organ, and the amounts detected in several tissues (e.g.
bone marrow, brain, fat and muscle) were much lower than in plasma. There was
no evidence for accumulation of radiolabel in any tissue at any time after treatment (Hawkins et al., 1995a).
In a further study to examine the distribution of neotame in rat tissues, 21 male
Lister Hooded rats were given [14C]neotame in a single oral dose of 15 mg/kg bw
by gavage. Pairs of rats (one of each sex) were killed after 0.5, 2, 6, 12 and 24 h,
pinned out, frozen rapidly, and sagittal sections taken through the carcass at six
levels were examined by autoradiography.
Qualitative assessment of radiolabel present in male and female rats indicated
that the highest levels were present in rats killed at the earliest time-points after
dosing. Levels decreased rapidly with time. At 0.5 h and 2 h after dosing, most radiolabel was found in the stomach, the gastrointestinal tract, liver, kidneys and
bladder, with smaller amounts being distributed throughout the rest of the body.
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Very small amounts were found in the central nervous system, and no binding to
pigmented skin or the eye was observed. Levels were consistent with the circulation of radiolabel in the bloodstream. At subsequent time-points (6, 12 and 24 h),
the passage of radiolabel through the excretory organs was seen. By 24 h after
dosing, only very small amounts remained in the animal and there was no evidence of accumulation in any tissue (Hawkins et al., 1995b).
In a study designed to examine the distribution and elimination of radioactivity
derived from neotame by whole-body autoradiography, eight pregnant and eight
non-pregnant Sprague-Dawley rats were each given a single dose of 15 mg/kg bw
of [14C]neotame by gavage. The rats were sacrificed at various times up to 24 h
after dosing and the carcasses treated as in the previous study.
The tissue distribution of radiolabel was similar in pregnant and non-pregnant
rats. Placental concentrations of radiolabel were low at 0.5 and 2 h after dosing,
similar to those seen in other peripheral tissues and in circulating blood. No radiolabel was detected in the fetus at any time. The highest concentrations of radiolabel were seen shortly after dosing, initially in the stomach contents,
gastrointestinal tract, liver, kidneys and bladder, with lower concentrations in the
rest of the body. At subsequent time-points, the passage of radiolabel through the
excretory organs was seen. No accumulation was seen in tissues, and concentrations were very low after 24 h. There was no significant difference between pregnant and non-pregnant rats in the time profile with which radiolabel was distributed
in the tissues (Hawkins et al., 1996a).
In a pilot study to examine the metabolism of neotame, Sprague-Dawley Crl :
CD BR VAF Plus rats were each given a single oral dose of 15 mg/kg bw of
[14C]neotame by gavage and divided among four groups. In rats in group 1 (three
rats of each sex), blood was taken at intervals up to 24 h after treatment, separated into cell and plasma fractions, and analysed for radiolabel. Rats in group 2
(two rats of each sex) were housed in glass metabolism cages for 72 h after treatment for collection of urine, faeces and expired air. Carcasses were solubilized for
analysis of retained radiolabel, and urine and faeces were pooled for analysis of
metabolites as well as total radiolabel. In group 3 (two rats of each sex), rats were
anaesthetized 0.5 h or 2 h after dosing, and blood was collected and analysed.
Rats in group 4 (two males) were anaesthetized and the bile ducts and stomach
cannulated. Radiolabelled neotame was administered via the stomach cannula,
and bile was collected at intervals up to 48 h after treatment. Urine and faeces
were collected for 0–24 h and 24–48 h and radiolabel was measured.
Plasma concentrations of radiolabel after oral dosing with [14C]neotame peaked
at 30 min after dosing in females and 1 h after dosing in males, followed by a rapid
decline. The major metabolite identified in plasma, urine, faeces and bile was deesterified neotame. The excretion of [14C]neotame was examined over 72 h; 8–10%
of the radiolabel was recovered in urine, 90–92% in faeces, and 0.01–0.03% in
expired air. After 72 h, 0.11–0.13% of the radiolabel remained in the carcass. In
males, urinary excretion was virtually complete within 12 h, while in females,
urinary excretion continued over 24 h. Most faecal excretion occurred between 6
h and 24 h after dosing in both sexes. In males in group 4, urinary excretion was
similar to that seen in other groups, with around 5–9% of the administered dose
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being excreted in the urine. Biliary excretion accounted for approximately 5.7% of
the administered dose, while faecal excretion accounted for around 85% of the
administered dose. Little radiolabel was retained in the carcass.
According to the results of these studies, approximately 14% of the administered dose of [14C]neotame was absorbed. Most of the material recovered in the
faeces was unabsorbed material. In all studies, around 100% of the administered
dose was recovered; with very low retention of test material or metabolites in the
carcass. The test material behaved similarly in males and females. The major
metabolite found was de-esterifed neotame. No neotame was found in plasma,
urine or faeces (Hawkins et al., 1995b).
In a more extensive study to examine the metabolism of neotame in rats,
[14C]neotame was administered to groups of six male and six female SpragueDawley Crl : CD BR rats by gavage or by intravenous injection as a single dose of
15 mg/kg bw. Rats were individually housed in metabolism cages and urine and
faeces were collected at intervals for 72 h after dosing. A additional group of three
rats received a single oral dose of 120 mg/kg bw. All rats were killed after 72 h and
the carcasses were retained for analysis. Radiolabel was measured in all samples
and the metabolites present in the urine and faeces were determined.
After oral administration, >90% of the radiolabel was recovered in urine and
faeces within 48 h. Within 72 h after oral administration of [14C]neotame at a dose
of 15 or 120 mg/kg bw, 8.5–10.8% and 84.5–87.2% of the radiolabel was excreted
in the urine and faeces, respectively. After intravenous administration of
[14C]neotame at dose of 15 mg/kg bw, approximately 35% and 59% of the radiolabel was recovered in urine and faeces, respectively. Less than 0.3% of the radiolabel was recovered in the carcasses within 72 h after either oral or intravenous
administration. Unchanged neotame was only detected in urine collected from
female rats 0–6 h after intravenous administration and accounted for 3.7% of the
administered dose. Unchanged neotame was not detected in the faeces of any
animal regardless of the dose or route of administration.
The major metabolite found in urine after 48 h was de-esterified neotame,
independent of the route of administration or the dose. N-(3,3-dimethylbutyl)-Laspartic acid (NC-00754) was detected at lower concentrations (around 10% of
the levels of de-esterified neotame after oral dosing). Parent compound was found
only in the urine of female rats after intravenous dosing (3.7% of the dose); none
was detected in the urine of any other groups. A glucuronide metabolite was also
detected at low levels (0.4–0.5% of the administered dose) in the urine, independent of dose or route of administration. Two minor metabolites, each representing <1.6% of the administered dose, were identified.
In the faeces, de-esterified neotame was the major metabolite (approximately
70–80% of the dose after oral administration). N-(3,3-dimethylbutyl)-L-aspartic acid
(NC-00754) was detected at lower levels, 0.8–2.5% of the dose. Low concentrations of an unidentified metabolite were also found, representing 0.7–1.2% of the
administered dose (Kirkpatrick et al., 1997a).
In a further study to examine the pharmacokinetic profile of neotame, groups
of Sprague-Dawley rats were given single oral doses of [14C]neotame in deionized
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water at 15 or 120 mg/kg bw (30 animals of each sex per group) or single intravenous doses of [14C]neotame in isotonic saline at 15 mg/kg bw (33 animals of each
sex per group). An additional three rats of each sex per group were not treated
and served as controls. Blood was taken from three rats of each sex per dose at
intervals up to 24 h after treatment. Radio-assay of the blood samples was performed and the radioactive constituents of plasma were analysed.
Radiolabel was detected in the plasma shortly after oral administration of
[14C]neotame at a dose of 15 or 120 mg/kg bw, peaking at 0.5 h. No neotame was
detected in plasma by liquid chromatograph-tandem mass spectroscopy
(LC/MS/MS) methodology after oral or intravenous administration of a dose of 15
mg/kg bw; however, unchanged neotame was detected at concentrations slightly
above the limit of detection (0.011 mg/ml) at the earliest sampling time (0.25 h) after
oral administration of a dose of 120 mg/kg bw. The predominant metabolite of
neotame was de-esterified neotame, which accounted for 80–90% of the total
plasma radiolabel at early time-points after both oral and intravenous dosing. Peak
mean concentrations of de-esterified neotame in plasma were detected by 0.1 h
(first sampling time) after intravenous dosing and by 0.5 h after oral dosing. Plasma
concentrations of de-esterified neotame declined rapidly with a t / of approximately
1 h for oral administration. The clearance of de-esterified neotame was rapid and
greater in females than males. Peak concentration (Cmax) and area under the curve
of concentration–time at 24 h (AUC0–24) for total radiolabel were lower in females
than in males, but increased proportionally in both sexes with increasing oral dose.
The oral bioavailability of total radiolabel was approximately 20% in both males
and females (Hawkins et al., 1997).
1

2

The plasma concentrations of neotame and de-esterified neotame were examined in a 1-year study of toxicity and 2-year study of carcinogenicity conducted in
Sprague-Dawley rats fed doses of up to 1000 mg/kg bw per day. The effect of dose,
duration of dosing, and sex were evaluated. Details of these studies are provided
in Section 2.2.3.
There was no evidence for sex-specific differences in dose-adjusted plasma
concentrations of neotame. The plasma concentration of neotame was generally
below the quantifiable limit, 10 ng/ml, in rats receiving a dose of 300 mg/kg bw and
above. Plasma concentrations of de-esterified neotame were quantifiable in both
males and females at all doses and at all sampling times. Plasma concentrations
of neotame and de-esterified neotame increased with increasing dose and there
was no evidence for accumulation of neotame or de-esterified neotame (Burnett
& Bartekian, 1998; Turk & Bartekian, 1998a).
Studies of metabolism and pharmacokinetics were also conducted with [14C]deesterified neotame. Rats were given a single oral dose of [14C]de-esterified
neotame at 15 mg/kg bw by gavage. Rats were then divided among four groups.
Rats in group 1 (three of each sex in group housing) were dosed and blood was
taken from the tail vein at intervals up to 24 h after treatment. In group 2, rats (two
of each sex, housed in glass metabolism cages) were dosed and urine, faeces
and expired air were collected for 72 h. Rats in group 3 (in group housing) were
anaesthetized at 0.5 and 2 h (two of each sex per time period) after dosing, and
blood samples collected. In group 4, rats (two males, housed individually in
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restraining cages) were anaesthetized and the bile ducts and stomach cannulated.
[14C]De-esterified neotame was administered via the stomach cannula. Bile, urine
and faeces were collected until 48 h after treatment. Rats were killed 48 h after
dosing, the carcasses solubilized and radiolabel determined.
The recovery of radiolabel from intact rats ranged from 100% to 103%, virtually all of which was recovered within the first 48 h. Very little of the administered
dose was excreted in expired air (<0.02%) or retained in the carcass (<0.01%).
Only 1–2% of the radiolabel was excreted in the urine, while faecal excretion
accounted for 99–102% of the dose. In females, urinary excretion was virtually
complete within 12 h, while in males it continued over the first 24 h. Most faecal
excretion occurred in both sexes between 12 h and 24 h after dosing, although
there was considerable excretion in males between 6 h and 12 h after dosing.
Biliary excretion accounted for 2% of the radiolabel.
Plasma concentrations of [14C]de-esterified neotame in rats in group 1 peaked
at 30 min after dosing in females and at 1 h after dosing in males. There was a
rapid decline over the first 4 h, with plasma concentrations below the level of detection from 4 h after dosing. Maximum concentrations of de-esterified neotame equivalents were 0.066 mg/ml plasma in males and 0.051 mg/ml plasma in females.
The predominant radiolabelled component in plasma, urine, faeces, and bile
was unchanged de-esterified neotame. Several minor uncharacterized metabolites
were also detected, none of which accounted for more than 0.4% of the radiolabel
in urine, 2% in faeces, and approximately 6 ng de-esterified neotame equivalents/ml
in plasma. The total combined amount (i.e. approximately 4%) of radiolabel
excreted in the urine and bile after an oral bolus dose of [14C]de-esterified neotame
was much less than that recovered after an identical dose of [14C]neotame. These
data suggest that a proportion of the neotame dose was absorbed intact and subsequently hydrolysed to de-esterified neotame (Hawkins et al., 1996b).
The presence of the neotame metabolite found in human urine, 3,3-dimethylbutanoyl-L-carnitine, was investigated in rats. 3,3-Dimethyl-butanoyl-L-carnitine is
the carnitine conjugate of the metabolite 3,3-dimethylbutyric acid (also referred to
as 3,3-dimethylbutanoic acid) that has been identified in human studies. In order
to investigate whether this metabolite occurs in rats, groups of 20 rats (10 male,
10 female) were given two doses of [14C]neotame of 15 mg/kg bw per dose, by oral
gavage, separated by an interval of approximately 8 h. Recoveries of radiolabel in
the urine of male and female rats were comparable to those reported in previous
studies. The metabolite, 3,3-dimethyl-butanoyl-L-carnitine, was detected using
thin-layer chromatography (TLC) in all urine specimens from females and was isolated from urine samples from females at 0–24 h. This metabolite was not detected
in urine samples from males (Kirkpatrick et al., 1998a).
Rabbits
The plasma concentrations of neotame and de-esterified neotame were examined on days 6, 13 and 19 of gestation in a study of teratology in New Zealand
white rabbits given doses of up to 500 mg/kg bw per day. Details of the study are
described in section 2.2.5 (b).
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The Cmax and AUC for neotame and the Cmax for de-esterified neotame
increased with increasing dose; however, the increases were less than proportional, as indicated by statistically significant differences in the dose-adjusted Cmax
and AUC values. The AUC for de-esterified neotame increased proportionally to
dose. There was no evidence for accumulation of neotame or de-esterified
neotame in plasma (Willoughby, 1996b).
Dogs
The plasma concentrations of neotame and de-esterified neotame were examined in a 13-week study in dogs fed neotame at doses of up to 1200 mg/kg bw
per day, and in a 1-year study in dogs fed neotame at doses of up to 800 mg/kg
bw per day. Details of these studies are described in section 2.2.2 and 2.2.3,
respectively.
AUC0–24 and Cmax increased with dose for both neotame and de-esterified
neotame at lower doses; however, the increases were more than proportional to
the increase in dose at the higher doses, particularly at 1200 mg/kg bw per day in
the 13-week study and 800 mg/kg bw per day in the 1-year study. There was no
evidence for accumulation of neotame or de-esterified neotame in the plasma at
any dose in either study (Thomford & Saunders, 1995; Thomford & Carter, 1997b).
In a study of metabolism in dogs, groups of beagles (three of each sex per
dose) were given [14C]neotame (purity, >98%) as a single dose, either by gavage
at a dose of 15 or 120 mg/kg bw, or intravenously at a dose of 15 mg/kg bw. Urine
and faeces were collected and frozen 72 h after oral dosing. A cage wash was
done at 72 h. A 10 ml blood sample was taken from the jugular vein before dosing
and and at intervals for 24 h after dosing. No postmortem was performed, and carcasses were discarded at the end of the trial. The intravenous dose was infused
into the cephalic vein over 2–3 min. Sampling was carried out as for oral administration, with an additional blood sample being collected at the end of the infusion
period. Radiolabel was measured and metabolites identified and quantified.
Radiolabel was detected in plasma shortly after oral administration and was
rapidly excreted after oral or intravenous administration. Approximately 95% of the
radiolabel was recovered in the urine and faeces. There were no differences
between males and females in absorption or excretion. In general, >80% of the
radiolabel was excreted in the urine and faeces within 48 h after dosing. After oral
administration, approximately 13–20% of the radiolabel was excreted in the urine
(approximately 90–97% of this being eliminated within 24 h), and the remainder
was excreted in the faeces. After intravenous administration, approximately
40–43% of the radiolabel was excreted in the urine and the remainder in the
faeces, suggesting excretion in the bile and/or gastrointestinal secretion. The mean
plasma Cmax for radiolabel and for neotame occurred within 0.5 h after either oral
or intravenous administration in both male and female dogs. Cmax and AUC0–24
appeared to increase more than proportionally compared with the increase in oral
dose. Possible reasons for this observation include interindividual variability or
increases in the volume and concentration of neotame administered in the gavage
vehicle. The mean whole-body clearance of neotame after the intravenous dose
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was approximately 32 and 26 ml/min per kg bw in males and females, respectively.
This suggests extra-hepatic clearance of neotame since these values are in excess
of that for hepatic blood flow in the beagle dog. The mean volume of distribution
of neotame was approximately 1 l/kg bw, a value that is in excess of the average
total volume of body water in beagle dogs and indicates some distribution to
tissues, without extensive tissue binding. Approximately 1–6% of orally administered neotame and 7–8% of intravenously injected neotame was excreted
unchanged in the urine. Unchanged neotame was not detected in the faeces after
any dose or route of administration.
The major metabolite in urine was de-esterified neotame, which represented
approximately 6–9% of orally administered neotame and 19–20% of intravenously
injected neotame. At least two other metabolites were identified in the urine at concentrations of >1% of the administered dose: one with similar chromatographic
properties to those of a b-glucuronide of 3,3-dimethylbutanoic acid (approximately
5% of the administered dose) and the other identified as N-(3,3-dimethylbutyl)-Laspartic acid (approximately 0.4–2% of the administered dose). De-esterified
neotame was the major component of faeces, representing approximately 62–74%
of orally administered neotame and approximately 42–43% of intravenously administered neotame. In the faeces, N-(3,3-dimethylbutyl)-L-aspartic acid accounted for
approximately 0.6–2% of the orally administered dose and approximately 2–4% of
the intravenously injected dose (Kirkpatrick et al., 1997b).
Humans
In a study of tolerance, healthy men (mean age ± standard deviation (SD), 28
± 6 years) were each given a single dose of neotame in solution at 0.10, 0.25 or
0.50 mg/kg bw (n = 7, 6, and 6 men per dose, respectively), after an overnight fast.
Eighteen men completed the study. Clinical evaluations and laboratory tests were
done immediately before dosing and approximately 48 h after dosing. Complete
study details are provided in section 2.3.1.
The pharmacokinetic profiles of neotame were approximately linear across the
three doses tested for Cmax and AUC. Absorption of neotame was rapid, with
maximum plasma concentration attained approximately 0.5 h after administration.
Neotame was rapidly eliminated with a half-life (t / ) ranging from 0.61 h to 0.75 h.
The short t / was supported by the rapid disappearance of neotame from the urine
(neotame was not detectable after 8 h). Approximately 1% of the administered dose
was detected unchanged in the urine. Neotame was extensively metabolized to
de-esterified neotame; approximately 14% of the administered dose was recovered in the urine as de-esterified neotame. The pharmacokinetics (AUC and Cmax)
of de-esterified neotame were linear across the range of doses used in this study.
The calculated t / of de-esterified neotame in plasma was approximately 2 h. Small
amounts of de-esterified neotame were measured in urine during the 24–48 h after
treatment, representing about 1.5% of the total amount eliminated in the urine
(Kisicki et al., 1997).
1

1

2

2

1

2

In a study of the pharmacokinetics of neotame, [14C]neotame in an aqueous
solution was administered as a single oral dose of 18.75 mg (approximately
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0.25 mg/kg bw) to seven healthy men (median age, 23 years). After an overnight
fast, the men ingested [14C]neotame (purity, 98.6–99.8%) in 60 ml of water, followed immediately by 180 ml of water to rinse the dosing vessel, thus representing a total volume of 240 ml. Blood was taken before dosing and at predetermined
times up to 168 h after dosing. All urine and faeces were collected for 12 h before
dosing and at additional predetermined time-points up to 168 h after dosing. Blood,
plasma, urine, and faeces were analysed for radiolabel by liquid scintillation counting, either directly or after combustion of the samples. Plasma and urine were
analysed for neotame and de-esterified neotame by LC/MS/MS. Radioactive metabolites were separated from urine and faeces by extraction and
chromatography.
The mean recovery of radiolabel in the urine and faeces of the seven men was
98.0%, most of which was recovered within 72 h. Means of 34.3% and 63.7% of
the radiolabel were eliminated in the urine and faeces, respectively, and excretion
was essentially complete by 96 h after dosing. Pharmacokinetic analysis of the data
for plasma confirmed that neotame was rapidly absorbed (mean Tmax = 0.4 h) and
rapidly cleared from the body (mean t / = 0.6 h), mostly by conversion to de-esterified neotame. Mean concentrations of de-esterified neotame in plasma peaked at
1 h after dosing and were approximately 2.5-times greater than mean peak concentrations of neotame. Concentrations of de-esterified neotame declined with a
mean t / of 1.5 h.
1

1

2

2

Neotame and de-esterified neotame were detected in urine at 3.3% (0–8 h after
treatment) and 23.8% (0–72 h after treatment) of the administered dose, respectively. Very small amounts of radioactive components other than neotame or deesterified neotame were detected in urine. One minor component was detected in
all men in urine only and accounted for a mean of 3.2% of the administered dose.
Unchanged neotame was not detected in faeces. The major radioactive component detected in faeces was de-esterified neotame (52.5% of the administered
dose). N-(3,3-Dimethylbutyl)-L-aspartic acid was detected in faecal extracts and
accounted for 4.9% of the administered dose (Holt & Kirkpatrick, 1997).
In a study to characterize and identify the unknown metabolite detected in the
urine in the above pharmacokinetic study in humans, a non-blind study was carried
out with neotame labelled with 14C in the C-1 position of the 3,3-dimethylbutyl
moiety and with 13C in two of the methyl substituents of the tert-butyl function of
the 3,3-dimethylbutyl moiety. [14C/13C]Neotame in solution was given to six healthy
men (mean age, 31 years) in two oral doses of 37.5 mg (approximately 0.5 mg/kg
bw per dose; a total dose of approximately 1 mg/kg bw), separated by an interval
of 6 h. Urine and faeces were collected before dosing and at predetermined intervals for 120 h after the first dose.
The metabolite of interest was detected in urine from all men and represented
0.5–3.4% of the administered dose in the samples analysed. Mass spectral analysis showed that the isolate was enriched in 13C, which confirmed that the isolate
was derived from neotame. Analysis of the fragmentation pattern suggested that
the isolated metabolite was an acyl-ester of carnitine, 3,3-dimethyl-butanoyl-Lcarnitine. Comparison of fragmentation patterns of the isolate with 3,3-dimethyl-
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butanoyl-L-carnitine synthesized as a reference confirmed the identity of this
metabolite. Further confirmation was obtained by co-chromatography of the isolate
with 3,3-dimethyl-butanoyl-L-carnitine, comparison of spectra and empirical formulae from fast atom bombardment mass spectrometry, and nuclear magnetic resonance spectrometry (Harry & Aikens, 1998).
In a study to assess the dose-related pharmacokinetics of neotame administered in solution, 12 healthy men (mean age ± SD, 41 ± 8 years) were randomized in a non-blinded, three-way crossover study. Each man received a single dose
of 0, 0.10, 0.25, or 0.50 mg/kg bw of neotame in a beverage solution after an
overnight fast. The men were housed for the duration of the study (approximately
13 days), with a minimum washout period of 72 h between treatments.
Neotame was rapidly absorbed, metabolized to de-esterified neotame, and
rapidly eliminated. Mean plasma half-lives were short, approximately 0.75 h for
neotame and approximately 2.5 h for de-esterified neotame. The pharmacokinetics of neotame and de-esterified neotame were proportional to dose across the
range of administered doses, as measured by AUC0–24 and Cmax. Neotame was
rapidly converted to de-esterified neotame, with Cmax for de-esterified neotame
occurring at approximately 1 h. De-esterified neotame was eliminated from the
plasma of most men within 24 h (Weston et al., 1997).
The pharmacokinetics of both neotame and de-esterified neotame were examined in 12 healthy men (mean age ± SD, 34 ± 8.6 years) after repeated administration of neotame. Each man received neotame in solution in eight doses of
approximately 0.25 mg/kg bw, administered hourly, representing a total dose of
approximately 2 mg/kg bw. The men were housed at the clinical site for 7 days after
dosing.
As in the studies of the administration of single doses, neotame was rapidly absorbed and de-esterified to N-[N-(3,3-dimethylbutyl)-L-a-aspartyl]-L-phenylalanine.
Neotame was rapidly eliminated, with a plasma t / of approximately 0.9 h. Steadystate concentration of neotame in plasma was achieved at 2 h after the first dose.
Approximately 3% of the administered dose of neotame was excreted unchanged
in the urine, and approximately 23% of the administered dose was recovered in
the urine as de-esterified neotame. The elimination of de-esterified neotame from
plasma was biphasic; approximately 93% was eliminated with a t / of approximately 1.3 h, while the remaining 7% was eliminated with a terminal t / of approximately 14 h (Kisicki et al., 1998a).
1

2

1

2

1

2

A comparison of the pharmacokinetics of neotame administered in solution and
in capsules was conducted using 24 subjects (12 men and 12 women) randomized into two dosing regimens. The mean age ± SD for all 26 persons was 38.3 ±
10.7 years. All 26 persons were included in the safety evaluation while the
24 persons who completed the study were included in the pharmacokinetic
evaluations.
There was no significant difference in relative bioavailability (AUC(0-inf) and Cmax)
between men and women after administration of neotame in solution. The relative
bioavailability of neotame was greater in capsules than in solution in women only.
The relative exposure to de-esterified neotame was greater from capsules than
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from solution for all subjects, however, there were no differences between the
sexes. Exposure of subjects to neotame and de-esterified neotame was at least
as great after administration in capsules as in solution. Thus, capsules were considered to be an appropriate means to administer neotame in clinical studies where
it is desirable to blind subjects to treatment (Weston et al., 1998).
In a 2-week study of tolerance in humans, groups of 12 men and 12 women
received placebo, or neotame at a dose of 0.5 or 1.5 mg neotame/kg bw per day
in capsules as three divided doses over 2 weeks. Plasma concentrations of
neotame and de-esterified neotame were analysed after overnight fasts at predetermined intervals. Details for the study are found in Section 2.3.2.
Plasma trough concentrations for neotame were below quantifiable limits for
all subjects before morning dosing before treatment and 1, 2, 3, 6, 10, and 14 days
after treatment. Plasma trough concentrations for de-esterified neotame were
detectable after 1, 2, 3, 6, 10, and 14 days of treatment in most subjects receiving neotame. Steady-state concentrations of de-esterified neotame were achieved
for both men and women within 72 h of the first dose of neotame (Kisicki et al.,
1998b).
The stability of neotame and de-esterified neotame in simulated human gastric
and intestinal fluids was investigated. Neotame or de-esterified neotame was
mixed with simulated gastric or intestinal fluid at a single concentration (neotame,
50 mg/ml; de-esterified neotame, 25 mg/ml) and incubated at 37 °C for up to
120 min. Neotame was stable when incubated with simulated gastric fluid (with or
without pepsin). Neotame was also stable in simulated intestinal fluid without pancreatin (approximately 2% degradation to de-esterified neotame). However, in simulated intestinal fluid containing pancreatin, neotame was almost completely
hydrolysed to de-esterified neotame within 15 min at 37 °C. De-esterified neotame
was stable in simulated gastric and intestinal fluids (with or without enzymes) over
the period of incubation (Kirkpatrick et al., 1998b).
2.1.2

Effects on enzymes and other biochemical parameters

The effect of neotame in the diet on the activity of rat hepatic enzymes was
examined. Three groups of six male and six female Sprague-Dawley Crl : CD BR
rats received diets containing neotame at a dose of 100, 300, or 1000 mg/kg bw
per day for a period of 14 days. An additional two groups of six males and six
females received untreated diet and acted as controls. One of these control
groups, the positive control, was given sodium phenobarbital by gavage at a dose
of 75 mg/kg bw per day on days 11–14 of the study. Animals were observed daily
and body weights were measured weekly. At the end of the treatment period, the
animals were killed and the liver fractionated into a microsomal and cytosolic fractions. The following enzyme activities and other parameters were measured to test
the effect of neotame on specific cytochrome P450 isozymes: concentration of
protein, concentration of cytochrome P450 and activities of 7-ethoxyresorufin O-deethylase (CYP1A), testosterone hydroxylase (CYP2B and CYP3A), lauric acid
hydroxylase (CYP2E and CYP4A) and p-nitrophenol uridine diphosphate glucuronyl transferase (UDPGT, a phase II enzyme) in microsomal fractions, together
with concentrations of protein and non-protein thiol in cytosolic fractions.
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There was no difference in body weight between the treated groups. Bodyweight gain was decreased at the highest dose. There was no neotame-related
effect on liver weight (either absolute or relative), concentrations of non-protein
thiol in the liver cytosol, hepatic microsomal or cytosolic protein, microsomal concentrations of cytochrome P450, or the activity of other cytochrome P450-related
enzymes. In the positive control group of rats treated with phenobarbital, liver
weight was increased, as were enzyme activities (Hall, 1997).
The binding of [14C]neotame or [14C]de-esterified neotame to human, dog and
rat plasma proteins in vitro was evaluated. In addition, the binding of neotame and
de-esterified neotame to human plasma albumin and a1-acid glycoprotein were
evaluated.
In male Sprague-Dawley rats, the binding of de-esterified neotame to plasma
proteins was 72–76%. Binding occurred very rapidly, with no evidence of an
increase in the percentage bound with increasing time. There was a very slight
decrease in the percentage of binding with increasing concentration. In beagle
dogs, the binding of neotame and de-esterified neotame to plasma proteins was
74–89% and 50%, respectively. There was a notable decrease in the percentage
of the neotame and de-esterified neotame bound with increasing concentration of
neotame administered, and a slight increase in the percentage bound with increasing time of incubation.
The binding of neotame to human plasma proteins in vitro ranged from 94%
to 98%. A slight increase in binding was observed with increased length of incubation, while a slight decrease in the percentage of the material bound was
observed with increasing dose. The binding was predominantly to albumin and
there was no evidence of saturation with increasing concentrations. The binding
of neotame to a1-acid glycoprotein, 8–14%, was considered to be negligible. The
binding of de-esterified neotame to human plasma proteins was 85–90%, with
slight increases seen with increasing length of incubation. Approximately 30% of
de-esterified neotame bound to albumin, while <10% bound to a1-acid glycoprotein. Overall, there was little evidence for saturation of plasma binding over the
range of concentrations tested. Binding to plasma proteins was lower for de-esterified neotame than for neotame, in humans and dogs, in which neotame was
largely bound to albumin (Kirkpatrick et al., 1997c).
2.2

Toxicological studies

2.2.1

Acute toxicity

No studies of the acute oral toxicity of neotame or de-esterified neotame (NC00751) were conducted. The results of studies of the acute oral toxicity of the minor
degradation products of neotame in rats are given in section 2.2.6 (c).
2.2.2

Short-term studies of toxicity
Mice

Two range-finding studies were conducted in mice. In the first study, groups of
CD-1 mice (10 of each sex per group) were given diets containing neotame at a
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dose of 0, 10, 30, 100 or 300 mg/kg bw per day for 14 days. Animals were examined throughout the study period and body weight and food consumption monitored. Samples were taken for clinical pathology at day 15. A macroscopic
examination of all animals was undertaken, as well as measurement of organ
weights and microscopic examination of some tissues.
There were no abnormal clinical signs or changes in body weight or food consumption. There were no significant changes in clinical pathology parameters or
in gross pathology or histopathology (Thomford, 1994a).
In the second range-finding study, groups of 10 male and 10 female mice were
given diets containing neotame at a dose of 0, 500, 1000, 2000, 4000 or 8000
mg/kg bw per day for 14 days. Animals were examined in a similar way as in the
first study, described above, however, no microscopic examination of tissues was
undertaken.
There were no abnormal clinical signs or significant changes in body weight.
Food consumption was decreased by 15–19% at 8000 mg/kg bw at certain times,
but returned to control levels. In females, food consumption was decreased
by 11% on days 8–15. Body-weight gain was significantly decreased in males at
8000 mg/kg bw, but not at 4000 mg/kg bw. Body-weight gain in females was significantly decreased at 500 and 2000 mg/kg, but no dose–response relationship was
evident. There were no significant changes in clinical parameters or in gross
pathology (Thomford, 1994b).
In a 13-week study, groups of 20 male and 20 female Crl: CD-1 (ICI) BR VAF
Plus mice were fed neotame at a concentration of 0, 490–770 ppm, 4900–7400
ppm, 20 000–30 000 ppm, and 39 000–57 000 ppm in the diet, equivalent to a dose
of 0, 100, 1000, 4000, or 8000 mg/kg bw per day, respectively. Animals in the
control group received basal diet only. An additional satellite group of 20 rats of
each sex per group for each dose was used for periodic sampling for pharmacokinetic analysis. Parameters studied included clinical signs, physical examinations,
body weights, food consumption, test article intake, haematology, clinical chemistry, and organ weights. Complete gross and microscopic examinations were conducted on specified organs and tissues for each animal.
There were no deaths or treatment-related clinical signs of toxicity during the
study. There were no significant changes in body weight at any dose in either males
or females at the end of 13 weeks. However, body-weight gain was lower relative
to controls for males at 4000 and 8000 mg/kg bw per day (88% and 85% of control
values, respectively) and for females at 8000 mg/kg bw per day (93% of control
values). This lower body-weight gain was associated with decreased food consumption in males on day 1, with food consumption at 4000 and 8000 mg/kg bw
per day unable to be assessed owing to excessive food scattering by both sexes.
It was not possible to measure food consumption accurately during week 1 at the
higher doses because of the high incidence of spillage, which is indicative of
reduced diet palatability. The incidence of excessive food spillage at later timepoints was similar to that for controls.
There were no treatment-related effects on clinical chemistry parameters. In
females, haematology revealed small significant decreases in mean corpuscular
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volume at 4000 and 8000 mg/kg bw per day, but these were within the historical
reference range and not considered to be toxicologically significant. There were
slight but significant increases in absolute liver weights at 8000 mg/kg bw per day
in both sexes and slight but significant increases in relative liver weights in females
at 4000 and 8000 mg/kg bw per day. These changes were generally within the
ranges for historical controls and were not accompanied by microscopic changes.
There were no treatment-related gross pathological changes. Histopathological
examination revealed a slight increase in chronic inflammation of the kidney in both
sexes, but no dose–response was evident. The NOEL was 1000 mg/kg bw per day
on the basis of changes in relative liver weight (Thomford & Carter, 1995).
Rats
Two range-finding studies were conducted in rats. In the first study, groups of
10 male and 10 female Sprague-Dawley Crl : CD (SD) BR VAF Plus rats were fed
diets containing neotame at a dose of 0, 10, 30, 100 or 300 mg/kg bw per day for
14 days. Animals were examined throughout the study period and body weight and
food consumption were monitored. Samples were taken for clinical pathology at
day 16. A macroscopic examination of all animals was undertaken, as well as
measurement of organ weights and a microscopic examination of some tissues.
There were no abnormal clinical signs or changes in body weight or food consumption. Body-weight gain was reduced in males and females at ≥30 mg/kg bw.
Food consumption was markedly decreased on days 1–3 in males and females
but returned to normal during the study. There were no significant changes in clinical pathology parameters except for some sporadic changes in clinical chemistry
parameters in females. Gross pathological changes were limited to dark foci in the
stomach of males in several animals, which was confirmed as focal mucosal congestion upon histopathological examination. Pathology of females was normal
(Thomford, 1994c).
In a second range-finding study, groups of 10 male and 10 female Crl :
CD(SD)BR VAF Plus rats were given diets containing neotame at concentrations
providing a dose of 0, 200, 600, 2000, 4000 or 6000 mg/kg bw per day for 14 days
(males) or 15 days (females). Animals were examined in the same way as in the
first study, however, no microscopic examination of tissues was undertaken.
There was an increased incidence of red nasal discharge in males at
≥4000 mg/kg bw and in females at ≥2000 mg/kg bw. Food consumption was
reduced on days 1–3 in males at ≥2000 mg/kg bw and in females at ≥600 mg/kg
bw. Body weight was reduced on day 3 in males at ≥4000 mg/kg bw and in females
at 6000 mg/kg bw, but not at other times. Body-weight gain was reduced in males
and females at 2000 mg/kg bw. Clinical chemical and haematology parameters
were not significantly different to controls. There were no treatment-related
changes in gross pathology in males or females (Thomford, 1994d).
In a 13-week study, groups of 20 male and 20 female Sprague-Dawley Crl:
CD(SD)BR VAF Plus rats were given diets containing neotame at concentrations
of approximately 0, 660–1800 ppm, 2000–5300 ppm, 6600–17 800 ppm, and
19 200–50 000 ppm throughout the study, equivalent to a dose of 0, 100, 300, 1000
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or 3000 mg/kg bw per day, respectively, for 13 weeks. Control animals received
basal diet only. An additional five rats of each sex were included in the control
group and the groups receiving a dose of 1000 or 3000 mg/kg bw per day in order
to examine reversibility in a 4-week period that commenced after completion of 13
weeks of dosing. Parameters studied included clinical signs, physical examinations, body weight, food/water consumption, test article intake, ophthalmology,
haematology, clinical chemistry, urine analysis, and organ weights. Complete gross
and microscopic examinations were performed on specified organs and tissues for
each animal.
No treatment-related mortality occurred, and no changes were observed in
appearance, behaviour, physical condition or clinical signs. No treatment-related
ophthalmological changes were seen.
Food consumption was decreased on day 1 in males at 1000 mg/kg bw per day
(33%, p < 0.001) and during the first week at 3000 mg/kg bw per day (decreases
up to 70%, p < 0.001, with an average decrease for the first week of 11.2%, p <
0.01). In males at 3000 mg/kg bw per day, food consumption was also decreased
from week 7 until the end of the study, with decreases of 8–12%, p < 0.01 or p <
0.001. In females, food consumption was decreased on the first day in all treatment groups, by 20% at 100 mg/kg bw per day (p < 0.05) to 80% at 3000 mg/kg
bw per day (p < 0.001). Food consumption on day 2 was decreased by 26% at
3000 mg/kg bw per day (p < 0.001). Decreased food consumption was also seen
in week 6 in females at 300 mg/kg bw per day, but was not otherwise during the
study. No differences were seen between groups during the 4-week reversibility
study. The presence of neotame in the diet had an immediate effect on food consumption at the start of the study in both males and females at all doses, except
at the lowest dose in males. Mean food consumption in treated groups increased
after day 1 as animals partially adjusted to diet containing neotame.
Body weights in males at 3000 mg/kg bw per day were 10–14% lower than
those of controls throughout the study (p < 0.001). In females, body weight at
3000 mg/kg bw per day was lower than that of controls until day 14, although the
difference was <10% on days 7 and 14. The overall body-weight gain in males at
3000 mg/kg bw per day was 21% lower than that of controls for the 13-week study,
while in females at 3000 mg/kg bw per day it was 8% lower than that of controls.
During the reversibility phase, the difference between the control animals and
males at 3000 mg/kg bw per day decreased, but was still 11% after 4 weeks of
control diet.
Slight changes in some haematology and blood chemistry parameters were
reported. At week 13, erythrocyte count was increased in females only at the
highest dose; mean corpuscular volume was decreased in males only at 100, 1000
and 3000 mg/kg bw per day, with no dose–response relationship, and was unlikely
to be of biological significance. Mean concentration of cholesterol was significantly
decreased in females at 1000 and 3000 mg/kg bw per day at week 6, and in both
males and females at 1000 and 3000 mg/kg bw per day at week 13, although individual values were generally within the ranges of the respective historical controls.
These differences were not seen after the reversibility period, and may be related
to body-weight changes. At week 13, mean activity of plasma alkaline phosphatase

NEOTAME

101

was slightly but statistically higher in males at the two higher doses (116 and
117 IU/l, respectively, versus 97 IU/l in controls) and in females at the highest dose
(82 IU/l versus 60 IU/l in controls) than in rats in the control group. The mean activities of alkaline phosphatase were within the range of historical controls and there
were no changes in clinical pathology parameters or microscopic findings that indicated target organ toxicity.
The absolute organ weights of adrenals, heart, kidneys, liver, prostate, spleen,
and thymus were decreased in males at 3000 mg/kg bw per day compared with
controls. There were no differences in organ : body weight ratios, with the exception of spleen weight being lower and ratios for brain and testes being higher in
males at 3000 mg/kg bw per day. These results are consistent with the changes
being secondary to lower body weights in the group of males receiving the highest
dose. After the 4-week period of reversibility, the organ weights of all treated
animals were not significantly different to those of controls, with the exception of
the prostate.
The only microscopic finding was an increased incidence of slight corticomedullary mineralization in the kidneys of females at 1000 (not statistically significant) and 3000 mg/kg bw per day. There was no microscopic evidence of renal
tubular damage or changes in clinical chemistry or urine analysis parameters in
females that would have indicated toxicity or altered renal function.
The NOEL was 300 mg/kg bw per day on the basis of changes in clinical chemistry parameters (Mitchell & Brown, 1995).
Dogs
In a 13-week study, groups of male and female beagle dogs were given diets
containing neotame at concentrations providing an initial dose of 0, 60, 200, 600,
or 2000 mg/kg bw per day; These doses were equivalent to concentrations
of approximately 0, 1400–1900 ppm, 4800–6900 ppm, 14 400–17 800 ppm, or
43 000–52 000 ppm in the diet. Control animals received basal diet only. There were
six animals of each sex per group in the control group and in the groups receiving the two higher doses, and four animals of each sex per group in the other two
groups. Two dogs of each sex from the control group and from the groups receiving the two higher doses were used for the 4-week reversibility phase of the study
that commenced after the 13-week period of treatment. Parameters monitored
included clinical signs, body weights, food consumption, and physical, neurological, electrocardiographic, and ophthalmologic examinations. Haematology, clinical
chemistry, and urine analysis parameters and organ weights were measured. Complete gross and microscopic examinations were performed on specified organs
and tissues in each animal.
There were no deaths at any dose and no test article-related clinical observations at 60 or 200 mg/kg bw per day. At the two highest doses, faeces were discoloured (grey and white). This observation was not associated with any effects
on the gastrointestinal tract and was likely to be due to the presence of unabsorbed
neotame.
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There was an immediate and marked decrease in food consumption and body
weight at 2000 mg/kg bw per day during the first 2 weeks of the study. It was
necessary to decrease the concentration of neotame given to this group from
approximately 5% in the diet (43 000–52 000 ppm) to approximately 3.5%
(28 000–37 000 ppm), to provide an intake of 1200 mg/kg bw per day. At the highest
dose, food intake decreased until week 10 by >10% in comparison with controls.
At 600 mg/kg bw per day, food consumption in females was decreased during the
first 2 weeks, although only at week 1 was the decrease significant (p < 0.05, 20%
and 11% for week 1 and 2 respectively). No other notable decreases in food consumption were seen throughout the study.
Body weight was statistically significantly decreased (p < 0.05) in males at
1200/2000 mg/kg bw per day at week 2 (15% compared with controls) and from
week 5 until the end of the study, with decreases of up to 19% compared with
controls. During the reversibility phase, the males returned to the same body
weight as the dogs in the control group by the end of week 2. In females at 1200/
2000 mg/kg bw per day, body weight was statistically significantly (p < 0.05)
decreased by 17% at week 3. For the rest of the study, decreases in body weight
were between 15% and 18%, compared with controls. No statistically significant
decreases, or decreases of >10% were seen in any other groups. The cumulative
body-weight gain at 1200/2000 mg/kg bw per day was statistically significantly
lower than that of controls, with decreased body-weight gains of 57% in males and
75% in females, compared with controls. Statistically significant decreases were
also seen in females at 600 mg/kg bw per day, with body-weight gains of less than
half those seen in controls at up to week 5. The cumulative body-weight gain in
females at 600 mg/kg bw per day was decreased by 24% compared with that of
controls throughout the study, and in males was decreased by more than 15%
compared with that of controls throughout the study. There were no effects on food
consumption, body weight, or body-weight gain at 60 and 200 mg/kg bw per day.
Haematological examinations at week 2 revealed there was a decrease in activated partial thromboplastin time (p £ 0.01) in males at 600 mg/kg bw per day and
an increase (p £ 0.05) in females at 1200/2000 mg/kg bw per day. At week 13, the
erythrocyte count was decreased in both sexes at 1200/2000 mg/kg bw per day
(p < 0.01). Haemoglobin and erythrocyte volume fraction were also statistically
significantly decreased, and mean corpuscular volume and mean corpuscular
haemoglobin were increased in females. The changes seen at week 13 at the
highest dose were considered to be related to treatment.
Examination of clinical chemistry parameters at week 2 revealed a significant
increase in triglyceride concentrations (p < 0.01) in males at 1200/2000 mg/kg bw
per day. Glucose concentrations were decreased in a dose-related manner in week
2, which was probably related to decreased food consumption. In females at week
2, activities of aspartate aminotransferase and alanine aminotransferase were significantly decreased at 1200/2000 mg/kg bw per day, and alanine aminotransferase
was also significantly decreased at 600 mg/kg bw per day. At week 13, but not at
week 6, activity of alanine aminotransferase was significantly decreased in females
at 600 mg/kg bw per day. Alkaline phosphatase activity was significantly increased
at week 6 in males at 1200/2000 mg/kg bw per day (p £ 0.05). At week 13, alka-
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line phosphatase activity was significantly increased in males at 1200 mg/kg bw per
day (p £ 0.01) and females at 600 and 1200 mg/kg bw per day (p £ 0.001). The
small change in alkaline phosphatase activity in 3/4 animals at 200 mg/kg bw per
day was not considered to be toxicologically significant. These changes in alkaline phosphatase activity were not accompanied by microscopic changes indicative of cholestasis or hepatotoxicity. The alkaline phosphatase activity returned to
control levels during the 4-week reversibility phase of the study.
The absolute weight of the liver was increased by 18% in males in week 12 at
1200/2000 mg/kg bw per day, and by 12–23% in females at 600 mg/kg bw per day.
There was a significant increase in relative liver weight (to body weight) at
1200/2000 mg/kg bw per day in males (49% more than controls) and in females at
doses of ≥600 mg/kg bw per day (27–35%). Absolute spleen weight was decreased
in males in all groups (15–43%), and spleen weights were increased in females
at 200 and 1200/2000 mg/kg bw per day only, although none of these changes were
statistically significant.
There were no significant abnormalities found on macroscopic examination.
Histopathology revealed a higher incidence of minimal to moderate liver glycogen
in both sexes at 600 and 1200 mg/kg bw per day.
The NOEL was 200 mg/kg bw per day on the basis of changes in alkaline phosphatase activity (Thomford & Saunders, 1995).
2.2.3

Long-term studies of toxicity and carcinogenicity
Mice

In a study of carcinogenicity in mice, groups of 70 male and 70 female Crl : CD
(ICR) VAF Plus mice were fed diets containing neotame at concentrations providing a dose of 0, 50, 400, 2000, or 4000 mg/kg bw per day for 2 years. These doses
were equivalent to concentrations of approximately 0, 230–420, 1800–3200,
9200–16 000, or 18 400–31 800 ppm in the diet, respectively. Control groups consisting of 140 mice of each sex received basal diet only. In addition, 35 mice of
each sex per dose were designated “satellite” animals. Blood samples from satellite animals were used to determine plasma concentrations of neotame and deesterified neotame at intervals up to week 52. All groups were observed twice daily
for mortality or signs of moribundity. Parameters measured included clinical signs,
physical examinations including palpation for masses, body weight, food consumption, test article intake, haematology, and organ weights. Complete gross and
microscopic examinations were performed on specified organs and tissues in each
animal.
There were no treatment-related effects on mortality, nor were there any clinical signs of toxicity during daily and periodic physical examinations.
Food consumption in males was significantly decreased, by up to 9% (p < 0.01),
at doses of ≥400 mg/kg bw per day intermittently throughout the study. In females,
sporadic significant decreases in food consumption of up to 7% were seen in all
treated groups. No decreases in food consumption were >10% and, although sta-
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tistically significant, the decreases were not considered of biological significance
and were probably related to decreased palatability of the diet.
Body weight in males was consistently decreased, by up to 7% (p < 0.001), at
doses of ≥400 mg/kg bw per day. In females, decreases of up to 10% were seen
at 2000 mg/kg bw per day, and decreases of up to 8% (p £ 0.001) were seen at
400 mg/kg bw per day. Cumulative body-weight gain was decreased in males at
doses of ≥400 mg/kg bw per day, with decreases of 18–20% at 400 mg/kg bw per
day during weeks 1–77. In females, decreases in cumulative body-weight gain of
15% were seen at 50 mg/kg bw per day for weeks 1–77, with decreases of 20%
seen at 400 mg/kg bw per day for the same period.
There were no treatment-related changes in haematology parameters. No clinical chemistry or urine analysis was conducted.
There were no macroscopic findings at necropsy that were considered to be
related to treatment. There were no treatment-related effects on absolute organ
weights or organ weight ratios, except for those that were secondary to lower body
weights. There were no non-neoplastic findings that were considered to be related
to treatment. The incidences of non-neoplastic lesions were within the expected
range for ageing CD-1 mice.
There were no treatment-related effects on the incidence or onset of neoplasms
in males or females. The types and incidences of neoplasms observed in all groups
were typical of those expected in this strain and at this age. The incidence of hepatocellular adenomas in males at 4000 mg/kg bw per day was higher than that of
controls, but the difference was not significant (p £ 0.01 for common tumours) by
Peto trend analysis or pair-wise comparison. The incidence of hepatocellular carcinomas at 4000 mg/kg bw per day was no different than that in controls, and when
the incidences of adenomas and carcinomas were combined, there was no statistical significance. There was no evidence of pre-neoplastic changes. In females,
the incidence of hepatocellular adenomas and carcinomas was comparable
between the groups of treated and control mice. A higher incidence of bronchiolar-alveolar carcinoma was observed in females at 4000 mg/kg bw per day when
compared with controls, but this difference was not statistically significant. There
was no positive trend with dose, and there also was no statistically significant difference when the incidences of adenomas and carcinomas were combined. Moreover, there were no non-neoplastic and pre-neoplastic changes in lung tissue. The
NOEL was 4000 mg/kg bw per day, on the basis of the absence of target organ
toxicity or carcinogenicity at the highest dose tested (Thomford & Carter, 1997a).
Rats
A 1-year study of toxicity in rats exposed in utero was conducted. In the in utero
phase of the study, groups of F0 Sprague-Dawley rats strain Crl CBR VAF/Plus (25
of each sex per dose) were fed diets containing neotame at concentrations providing a dose of 0, 10, 30, 100, 300 or 1000 mg/kg bw per day. Control groups
received basal diet only. F0 male and female groups were fed test diets for 4 weeks
before and throughout mating. Females of the F0 generation were treated throughout gestation and lactation up to weaning of litters at day 21 after littering. The
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concentration of neotame in the diets of dams at the highest dose was reduced to
provide a dose of 300 mg/kg bw per day from days 14–21 after littering to minimize
differences in body weights of the offspring at the time that they began to consume
solid food.
In the 1-year phase of the study, groups of rats (20 of each sex per dose) from
the F1 generation were fed neotame in the diet at concentrations providing a dose
of 0, 10, 30, 100, 300 or 1000 mg/kg bw per day for 52 weeks. These doses
were equivalent to concentrations of approximately 0, 50–260 ppm, 150–730 ppm,
470–2300 ppm, 1500–7100 ppm, or 5100–23 000 ppm in the diet. Control groups
received basal diet only. An additional 10 animals of each sex per group were
assigned to the groups receiving a dose of 0, 100, 300, and 1000 mg/kg bw per
day for a 4-week reversibility period after 52 weeks of dosing. Satellite groups consisted of six rats of each sex that were given a dose of 0, 10, or 30 mg/kg bw per
day and 24 rats of each sex that were given a dose of 100, 300, or 1000 mg/kg
bw per day. Blood was collected from satellite animals at specified intervals in order
to quantitate plasma concentrations of neotame and de-esterified neotame. Parameters studied included clinical signs, physical examinations, body weight, food
consumption, food conversion efficiency, test article intake, ophthalmology, haematology, clinical chemistry, urine analysis, and organ weights. Complete gross and
histopathological examinations were performed on specified organs and tissues
for each animal.
There was no treatment-related increase in mortality and no clinical signs of
toxicity, with the exception of brown staining on the muzzle, possibly related to the
adherence of brown diet in males at 1000 mg/kg bw per day.
There was no treatment-related effect on birth weight during the in utero phase
of the study. At the start of the 1-year study of toxicity, the body weights of males
and females at 100 mg/kg bw per day were 13% and 15% lower than those of controls, respectively. No differences were noted between the other groups. In females
at 100 mg/kg bw per day, the difference in body weight compared with controls had
decreased to 7% by the end of week 2. Other sporadic differences in body weight
of males in treated groups and controls were noted at 13 weeks at 100 and
300 mg/kg bw per day and at 52 weeks at 100 mg/kg bw per day, but there was no
dose-related effect. In females, body weights were decreased at the higher doses
in the second half of the study (weeks 26–52). The decrease in body weight
reached statistical significance in females at the two higher doses after week 48.
Overall body-weight gain was significantly decreased compared with controls in
females between weeks 0–52 at 300 and 1000 mg/kg bw per day. Body-weight gain
was lower, but not significantly, at 100 mg/kg bw per day. In males, there was no
treatment-related effect on body-weight gain.
There were no statistically significant sex-specific differences with regard to
cumulative adjusted food consumption values in weeks 1–42, however, food consumption in males at 1000 mg/kg bw per day was decreased in weeks 10 and 11,
and there were intermittent decreases in food consumption throughout the study
in females at ≥100 mg/kg bw per day. At week 28, decreases were 11.7%, 11.1%
and 10.6% at 100, 300 and 1000 mg/kg bw per day respectively. There were no
significant decreases in food consumption between weeks 0–13 in females.
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Although there was not a clear dose–response relationship, the decrease in food
consumption in females at ≥100 mg/kg bw per day was considered to be related to
treatment. This correlated with the observed decreases in body-weight gain in
females at the higher doses in the latter part of the study. There was no treatmentrelated effect on food conversion efficiency during the active growth period (weeks
1–13) in either males or females.
Ophthalmoscopic examination revealed the presence of small, light grey,
translucent spherical bodies in the centre of the lens. This finding, which was particularly apparent in male rats, was termed nuclear sclerosis. However, there was
no real dose–response relationship, the incidence was comparable to that in controls in weeks 38 and 51, and the effect was reversible (in the 4-week reversibility phase). The reporting ophthalmologist did not consider this finding to be of any
clinical significance or to be comparable with the clinical lesion of nuclear sclerosis reported in dogs or in humans. Sporadic changes in haematology parameters,
clinical chemistry parameters and urine analysis parameters were observed but
these were not considered to be related to treatment. There were no significant
treatment-related changes in gross pathology or in histopathology.
The NOEL was 1000 mg/kg bw per day on the basis of the absence of target
organ toxicity at the highest dose (Mitchell & Brown, 1997a).
A 2-year study of carcinogenicity was conducted in rats exposed in utero. In
the in utero phase of the study, groups of F0 Sprague-Dawley rats of strain Crl
CBR VAF/Plus (25 of each sex per dose) were fed diets containing neotame at
concentrations providing a dose of 0, 50, 500, or 1000 mg/kg bw per day. Control
groups, consisting of 170 rats of each sex, received basal diet only. F0 male and
female groups were given test diets for 4 weeks before pairing and throughout
pairing. Treatment of females of the F0 generation continued throughout gestation
and lactation until weaning at day 21 after littering. Concentrations of neotame in
the diet for dams in groups receiving the two highest doses were reduced to
provide a dose of 300 mg/kg bw per day from days 14–21 after littering in order to
minimize differences in body weights of the offspring at the time at which they
begin to consume solid food.
In the carcinogenicity phase of the study, groups of approximately 75 males
and 75 females of the F1 generation were fed diets containing neotame at concentrations providing a dose of 0, 50, 500, or 1000 mg/kg bw per day for 104 weeks.
These doses were equivalent to concentrations of approximately 0, 240–1300 ppm,
2400–12 500 ppm, or 4800–25 000 ppm in the diet. Controls (147 rats of each sex)
received basal diet only. An additional 12 animals of each sex per group were
assigned to the groups receiving 0, 50, 500, or 1000 mg/kg bw per day to form
satellite groups for collection of blood at specified intervals in order to quantitate
plasma concentrations of neotame and de-esterified neotame and to assess water
consumption and clinical pathology parameters (haematology, clinical chemistry,
and urine analysis). Parameters studied included clinical signs, physical examinations including palpation for masses, body weight, food and water consumption,
food conversion efficiency, test article intake, clinical pathology, and organ weights.
Complete gross and microscopic examinations were performed on specified
organs and tissues in each animal.
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There were no treatment-related effects on moribundity and no changes in
appearance, behaviour, palpable masses, food conversion efficiency or water consumption. The only test article-related effect observed during physical examinations was brown staining on the muzzle in males at 500 and 1000 mg/kg bw per
day, probably the result of the brown diet adhering to the muzzle.
Treatment-related decreases in body weight of >10% were seen in all treated
groups in both sexes, from week 11 in females and week 5 in males at ≥500 mg/kg
bw per day, and from week 18 in females and week 22 in males at 50 mg/kg bw
per day. Significant decreases in body-weight gain were seen in all treated groups
at all doses. Food consumption was slightly lower in all treated groups.
There were sporadic changes in haematology parameters and in clinical chemistry parameters but these were not considered to be related to treatment.
In males at a dose of 1000 mg/kg bw per day, absolute adrenal weight was
decreased by 27% compared with controls (p < 0.01). The weight of the heart was
decreased in all groups of treated males, from 12% (at 50 mg/kg bw per day, p <
0.05) to 17% (at 1000 mg/kg bw per day, p < 0.001). No other changes in absolute
organ weight were seen in males. In females, the absolute weight of the uterus
was higher in all treatment groups than that of controls, with increases of 14% at
50 and 500 mg/kg bw per day, and of 34% at 1000 mg/kg bw per day. None of these
increases were statistically significant, and the relationship to treatment is not
established. In males, adrenal weight relative to brain weight was significantly
decreased (27%, p < 0.01), and in females the weight of the uterus relative to body
weight was increased at 500 and 1000 mg/kg bw per day (38–46%, p < 0.05).
These changes were considered secondary to lower body weights.
There were no treatment-related macroscopic effects seen at necropsy in either
males or females. There were no treatment-related effects on the incidence or
onset of neoplasms in either males or females. A range of tumours were seen,
consistent with those expected in ageing Sprague-Dawley rats.
There were no treatment-related non-neoplastic findings. Other observations
seen in a few animals at the highest dose included necrosis of the femoral marrow,
thymic haemorrhage, papillary cysts in the kidney, erosion of the glandular stomach
in males, and cystic follicular hyperplasia of the thyroid in females. These differences were considered to be normal variation and were not related to treatment
with the test article.
There was no evidence for target organ toxicity or carcinogenicity in rats after
exposure in utero and administration of diets containing neotame at a dose of up
to 1000 mg/kg bw per day for 104 weeks. The NOEL was 1000 mg/kg bw per day
on the basis of an absence of target organ toxicity or carcinogenicity at the highest
dose (Mitchell & Brown, 1997b).
Dogs
In a 1-year study of toxicity, groups of beagle dogs (four to six of each sex per
dose) were fed diets containing neotame at concentrations providing a dose of 0,
20, 60, 200, or 800 mg/kg bw per day for 52 weeks, followed by a 4-week recov-
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ery period, when basal diet only was given. The doses were equivalent to concentrations of approximately 0, 460–810 ppm, 1400–2500 ppm, 4600–8400 ppm,
or 18 600–30 100 ppm in the diet. Animals in the control group received basal diet
only. The control group and the groups receiving the two higher doses consisted
of six dogs of each sex per group, while the other two groups consisted of four
dogs of each sex per group. The additional two dogs of each sex used in the control
group and the groups receiving the two higher doses were used for the reversibility phase of the study. Parameters studied included clinical signs, body weights,
food consumption, physical, neurological, electrocardiographic, and ophthalmological examinations, haematology, clinical chemistry, and urine analysis parameters and organ weights. Complete gross and microscopic examinations were
performed on specified organs and tissues in each animal. Alkaline phosphatase
isozyme analysis was done on serum samples from the control group and the
group receiving the higher doses.
There were no deaths during the study and no treatment-related clinical observations, apart from discoloured faeces at 800 mg/kg bw per day, which may be due
to the presence of unabsorbed neotame and its major metabolite. This discoloration disappeared within 24 h after the last dosing in animals in the reversal
phase of the study. There were no treatment related changes in heart rate, respiratory rate or body temperature. There were no abnormal findings on the neurological examination, ophthalmological examination or measurement of ECGs.
Body weights in males and females at 800 mg/kg bw per day were approximately 10% lower than those of controls from week 3 in males or week 6 in females
until the end of the study. The body weight for both males and females at other
doses were no more than 10% lower than those of controls at any point in the
study, and none were statistically significantly different from those of controls.
Cumulative body-weight gain up to week 8 was significantly lower than that in
controls for males at 800 mg/kg bw per day. At other doses, there was a decreased
cumulative body-weight gain of more than 10% (not statistically significant) in
males. No significant differences in cumulative body-weight gain were seen in
females at any time during the study. Food consumption in males at 800 mg/kg bw
per day was 19% lower than that for controls for weeks 1 and 2, respectively (p <
0.05). In females at 800 mg/kg bw per day, food consumption was 12–23% lower
than that of controls for weeks 1–3 (not significant). These changes were likely to
be due to decreased palatability of the diet resulting from the addition of neotame.
There were no treatment-related changes in haematological parameters. The
only change in clinical chemistry parameters was an increase in alkaline phosphatase activity throughout the study in both sexes at 800 mg/kg bw per day (p £
0.001). These increases were not seen at lower doses, and returned to normal
levels at the end of the reversal phase. Isoenzyme analysis indicated that the alkaline phosphatase was of hepatic origin, not from bone, and was not the form that
is induced by glucocorticoids. There was no effect of neotame on other clinical
chemistry parameters indicative of cholestasis or hepatotoxicity, such as liver
enzymes. No changes were seen in urine analysis throughout the study.
No abnormalities were detected on macroscopic examination. There were no
statistically significant treatment-related changes in absolute or relative organ
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weights, with the exception of increased liver weight relative to brain weight in
females at 200 and 800 mg/kg bw per day (p £ 0.05). However, absolute liver weight
and liver weight relative to body weight was unchanged at 200 and 800 mg/kg bw
per day. In the absence of other clinical or histopathological changes, the increased
liver weight relative to brain weight in female dogs is not considered to be toxicologically significant.
On histopathological examination, hepatocellular vacuolation was observed in
both male and female controls and animals receiving doses of 800 mg/kg bw per
day. This is an incidental finding of no clinical significance, as there were no significant differences in incidence between controls and animals receiving the
highest dose, there was no dose–response relationship and at no other doses was
this observed. There were a number of incidental observations but none of these
were considered to be related to treatment.
There were no significant treatment-related changes in clinical pathology, organ
weights or gross or histopathology. The NOEL was 200 mg/kg bw per day on the
basis of the significant increase in alkaline phosphatase activity (Thomford &
Carter, 1997b).

2.2.4

Genotoxicity

The results of studies of genotoxicity with neotame are summarized in Table
1. No genotoxic effects were reported. The results of studies of genotoxicity with
the degradation products of neotame are described in section 2.2.6 (c).

Table 1. Results of studies of the genotoxicity of neotame
End-point

Test object

Concentration/
dose

Results

Reference

S. typhimurium
strains TA1535,
TA1537, TA1538,
TA98, TA100. E. coli
strain WP2 uvrA

312–10 000 mg/
plate ±S9a

Negative

Riccio (1994)

Reverse
mutation

Mouse lymphoma
L5178Y cells

100–1 000 mg/
ml ±S9a

Negative

Rudd (1994)

Chromosomal
aberration

Chinese hamster
ovary cells

62.5–500 mg/
ml -S9; 250 to
1 000 mg/ml +S9a

Negative

Winegar (1994)

In vivo
Micronucleus
formation

CD-1 mice bonemarrow

500, 1 000 or
2 000 mg/kg bw
by oral gavage

Negative

Garrett et al.
(1997)

In vitro
Reverse
mutation

a

S9, 9000 ¥ g supernatant of liver homogenate from rats induced with Aroclor 1254
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Reproductive toxicity
Rats

In a range-finding one-generation study in Sprague-Dawley rats, groups of
eight male and eight female Crl : CD BR VAF Plus rats were fed diets containing
neotame at concentrations providing a dose of 0, 10, 30, 100, 300 or 1000 mg/kg
bw per day. Females were given the treated diet from 29 days before mating until
the pups were aged 25 days. Males were given the treated diet until after successful littering of the females. Animals were observed daily and body weight and
food consumption were monitored. Females were examined for reproductive
parameters. Pups were examined daily and litter size culled to eight pups (four of
each sex, if possible) on day 4. Females and litters were killed on day 25 and
underwent internal and external macroscopic examination.
There were no treatment-related signs of toxicity. Food consumption was
decreased in week 1 in males at ≥100 mg/kg bw per day, and in females at
1000 mg/kg bw per day. Body weight on days 1–4 in males at ≥30 mg/kg bw per
day was significantly lower than that of controls. In females, the only significant
decreases in body weights were seen on days 1 and 4 at 1000 mg/kg bw per day.
There were no treatment-related effects on the number of animals mating, the
conception rate or the mean gestation rate. Litter size and survival were not
affected by treatment, nor were there any treatment-related effects on sex ratio.
The total body weight of the litter on days 21 and 25 of lactation was decreased
by 12% (p < 0.05) at 1000 mg/kg bw per day. Body-weight gain of the litter was
also reduced on days 1–25 at 1000 mg/kg bw per day, and during days 18–21 of
lactation at 300 mg/kg bw per day (26%; p < 0.01).
On the basis of this study, there is no evidence that neotame affects reproductive capacity in rats at a dose of up to 1000 mg/kg bw per day (Willoughby,
1996a).
In a second range-finding one-generation study in Sprague-Dawley (Crl : CD
BR VAF Plus) rats, groups of eight male and eight female rats were given diets
containing neotame at concentrations providing a dose of 0, 500, 1000, 1500, 200,
2500 or 3000 mg/kg bw per day. The study was conducted in a similar way as the
first range-finding study (described above).
At a dose of ≥2500 mg/kg bw per day, there was an increased incidence of
brown staining of the coat, an ungroomed appearance, thin rats and some tremors
on handling. Food consumption in males and females was decreased at all doses
during the first week. At 500 mg/kg bw per day, food intake was decreased by 14%
(p < 0.05). Body weight in males and females was significantly lower on days
1 and 2 at a dose of ≥500 mg/kg bw per day.
There were no treatment-related effects on number of animals mating, the conception rate, or the mean duration of gestation. Litter size, survival and sex ratio
were not affected by treatment. The litter body weight was decreased by 10% or
more on day 21 of lactation at 1500 mg/kg bw per day. Body-weight gain was
decreased on days 1–21 at ≥1500 mg/kg bw per day and on days 18–21 of lactation at ≥500 mg/kg bw per day.
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On the basis of this study, there is no evidence that neotame affects reproductive capacity in rats at a dose of up to 3000 mg/kg bw per day (Willoughby,
1996b).
(a)

Multigeneration studies

In a two-generation study of reproductive toxicity in Sprague-Dawley (CRL : CD
BR VAF Plus) rats, groups of rats were given diets containing neotame at concentrations providing a dose of 0, 100, 300 or 1000 mg/kg bw per day. These doses
were equivalent to concentrations throughout the study of approximately 0,
920–2000 ppm, 2800–6100 ppm or 9200–18 800 ppm in the diet. Control animals
received basal diets only. Groups of 28 male and 28 female rats of the P0 generation were treated for 10 or 4 weeks before pairing, respectively. Dosing continued throughout pairing, gestation, and lactation until weaning on day 21 after
littering and until selection for the next generation. Offspring (the F1 generation)
were weaned on postnatal day 21, and developmental, behavioural, and performance parameters were evaluated. At age approximately 4 weeks, offspring were
selected to form the breeding F1 generation and were treated for a minimum of 10
weeks before pairing to generate the F2 offspring that were raised to postnatal day
21 before termination. Growth and reproductive parameters were assessed for the
F0 and F1 generations. Growth, physical maturation and behaviour parameters
were assessed for the offspring. All adults were subjected to a detailed necropsy,
and weights of the reproductive organ were measured.
There were no treatment-related deaths or clinical signs of toxicity in either
generation. Food consumption in males of the F1 generation was less than that of
controls throughout the study at all doses, decreasing by 4–9% (p < 0.05) at 100
mg/kg bw per day, and by 5–9% (p < 0.05) at 1000 mg/kg bw per day. In females
of the F1 generation at 1000 mg/kg bw per day, food consumption during week 1
was 9% (p < 0.001) less than that of controls. There were no other statistically significant decreases in food consumption in females in the F1 generation. In males
of the F2 generation, food consumption was consistently decreased (7–10%, p <
0.01) from week 4, at 1000 mg/kg bw per day. No statistically significant decreases
in food consumption were observed in females.
Body weight and food consumption were lower in treated F0 males than in controls during the 10-week pre-mating period. The lower relative body weight and
food consumption were seen at 100 and 1000 mg/kg bw per day. In females at
1000 mg/kg bw per day, body weight was lower during the 4-week pre-mating
period and throughout gestation. On day 20 of gestation, body weight of females
at the highest dose was 95% that of controls. In adults of the F1 generation, significantly lower body weights were seen at 1000 mg/kg bw per day, with decreases
of 8–12% in males and 7–10% in females. Throughout gestation, body weights of
F1 females at 1000 mg/kg bw per day remained lower than those of controls .
There were decreases in total body weight per litter for F1 male offspring on
days 1 and 21 of lactation at 300 mg/kg bw per day, and for male and female offspring on days 1 and 21 at 1000 mg/kg bw per day. In the F2 generation, pup weight
on day 21 at 1000 mg/kg bw per day was about 15% less than that of controls. This
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effect was probably because the treated groups consumed less food than the controls during days 14–21 (before weaning) when pups begin to consume solid food.
There were no treatment-related effects on reproductive parameters (i.e. estrus
cycle, mating performance, fertility, duration of gestation, parturition, and gestation
index) throughout two successive generations at doses of up to 1000 mg/kg bw per
day, the highest dose. Litter size, sex ratio, and offspring viability indices were
unchanged by treatment, and there were no effects on physical development or
on auditory or visual performance.
There was a slight (not statistically significant) decrease in motor activity for F1
males at 1000 mg/kg bw per day. There was also a significant increase in the swim
time in three out of six trials with F1 males in a water-filled Y-maze at 1000 mg/kg
bw per day. The increased swim time was, however, within the range for historical controls observed in this laboratory. Both of these effects are likely to be related
to reduced body weight in males at the highest dose, and not indicative of a
reduced learning ability. This conclusion is supported by the subsequent statistical analyses performed by Tesh & Tesh (2002). No similar effect was seen in F1
females at any dose.
There were no treatment-related macroscopic changes observed at necropsy.
There were no effects observed in this study that were related to reproductive performance and the NOEL, therefore, was the highest dose tested, 1000 mg/kg bw
per day (Willoughby, 1997).
(b)

Developmental toxicity

Rats
Groups of 24 female Sprague-Dawley Crl : CD BR VAF Plus rats were fed diets
containing neotame at concentrations providing a dose of 0, 100, 300, or 1000
mg/kg bw per day for 4 weeks before pairing with untreated males. These doses
were equivalent to dietary concentrations of approximately 0, 1100–1300 ppm,
3300–3900 ppm or 10 700–12 800 ppm in the diet. Neotame continued to be administered in the diet throughout gestation until necropsy on day 20 after mating, when
the contents of the uterus were examined. Control animals were fed the basal diet.
The pre-mating period of treatment was included to allow the animals to adapt to
the presence of neotame in their diets. Animals were examined twice daily for mortality and morbidity and once daily for clinical signs. Body weights and food consumption was monitored and, after necropsy on day 20, reproductive parameters
were examined. Fetuses were weighed and examined externally at necropsy.
Approximately 50% of fetuses were examined internally at necropsy and were subsequently examined for skeletal development. The remaining fetuses were fixed
and examined for visceral abnormalities after serial sectioning.
There was an immediate but transient decrease in food consumption on day
1 of the pre-mating phase at 300 and 1000 mg/kg bw per day, which resulted in
lower relative food consumption and body-weight gain (57% that of controls) for
the first week of pre-mating, at 1000 mg/kg bw per day. Overall body-weight gain
at 1000 mg/kg bw per day improved to reach 87% that of controls by the end of
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the 4-week pre-mating period. There were no effects on food consumption, body
weight, or body-weight gain at any interval during gestation, at any dose up to
the highest dose administered in the diet. Body weights at day 20 of gestation at
1000 mg/kg bw per day were 98% those of controls.
There were no treatment-related changes in the number of corpora lutea, preand postimplantations, viable young, sex ratios, litter size, or fetal body weights at
any dose. In the fetuses, there were no treatment-related increases in the incidence
of either skeletal or soft tissue malformations or of pre- or postimplantation loss.
On the basis of this study, there is no evidence of embryotoxicity or teratogenicity in rats after administration of neotame at doses of up to 1000 mg/kg bw
per day (Willoughby, 1996a).
Rabbits
In a range-finding study in rabbits, groups of six mated New Zealand white
rabbits were given neotame in aqueous methylcellulose by gavage at a dose of 0,
30, 100, 300 or 1000 mg/kg bw per day on days 6–19 of gestation. Rabbits were
examined throughout the study for abnormal clinical signs, and body weight and
food consumption were monitored daily. On day 29 of gestation, dams underwent
detailed necropsy and reproductive parameters were analysed. Fetuses were
discarded.
At 1000 mg/kg bw per day, one rabbit was found dead and one had a total litter
loss. The only treatment-related clinical signs of toxicity were pale faeces at the
highest dose. There were no treatment-related effects on body weight during gestation and no treatment-related effects on reproductive parameters.
On the basis of this study, there were minimal signs of maternal toxicity at a
dose of 1000 mg/kg bw (Willoughby, 1996b)
In another study in rabbits, groups of 20 mated New Zealand white rabbits were
given neotame in aqueous methylcellulose at a dose of 0, 50, 150, or 500 mg/kg
bw per day by gavage (10 ml/kg) between days 6 and 19 (inclusive) of gestation.
Controls were given the vehicle only, 0.5% aqueous methylcellulose containing
0.1% polysorbate 80. Approximately 20% of the rabbits in each group, including
controls, were not pregnant, and five animals were added to each of the control
and 500 mg/kg bw per day groups to supplement the number of litters for fetal
examination. Animals were examined twice daily for abnormal clinical signs, and
body weight and food consumption were assessed daily. All dams were subjected
to a detailed necropsy on day 29 after mating. Fetuses were weighed and examined externally and internally at necropsy. Fetuses were processed and examined
for skeletal development. The heads of one-third of the fetuses were fixed and
examined after serial sectioning.
Satellite groups of pregnant rabbits (five rabbits per group) were given neotame
at a dose of 0, 50, 150, or 500 mg/kg bw per day by gavage. Blood samples were
collected on days 1, 8 and 14 for measurement of plasma concentrations of
neotame and de-esterified neotame. These animals were killed after sampling and
were not necropsied.
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One animal at 150 mg/kg bw per day died during the study as a result of a
dosing injury. Another animal at 500 mg/kg bw per day died during the study, after
a marked decrease in food consumption. Two animals at 500 mg/kg bw per day
aborted late in pregnancy; this was also related to markedly reduced food consumption. Overall food consumption and body-weight gain at 500 mg/kg bw per day
were not significantly different from those of controls.
Pharmacokinetic data in the satellite animals demonstrate that plasma concentrations of neotame and de-esterified neotame increased with dose, and that
there was no evidence of increasing plasma concentrations with increased duration of dosing.
There were no treatment-related effects on corpora lutea, implantations, viable
young, early or late resorptions or pre-or postimplantation losses. There were no
macroscopic abnormalities in dams or fetuses. Skeletal and visceral examination
of the fetuses did not reveal any treatment-related increase in abnormalities.
On the basis of this study, there is no evidence for embrotoxicity or teratogenicity in rabbits after administration of neotame at doses of up to 500 mg/kg bw
per day (Willoughby, 1996c).
2.2.6

Special studies
(a)

Cardiovascular, respiratory and renal parameters

Cardiovascular, respiratory and renal parameters were evaluated in dogs after
intraduodenal administration of neotame. Twelve male beagle dogs were anaesthetized with a-chloralose/sodium pentobarbitone, and baseline cardiovascular
and respiratory parameters were recorded. Baseline urinary electrolyte and protein
concentrations were also measured. After a stabilization period, each dog was
given a single intraduodenal dose of vehicle (0.5% methylcellulose/0.1% (v/v)
polysorbate 80), followed by neotame at a dose of 5 or 15 mg/kg bw. Blood pressure, heart rate, left ventricular systolic pressure, left ventricular cardiac output
(dp/dt max), lead II electrocardiogram, respiratory rate, tidal volume and urinary
concentrations of sodium, protein, potassium and chloride were recorded after
doses of the vehicle and neotame.
There were no treatment-related effects on any of the cardiovascular or respiratory parameters, or on urinary excretion of protein or electrolytes, at either dose
(Algate, 1997).
(b)

Special studies on the pharmacology of neotame
(i)

Effects on gastrointestinal motility

The possible effects of neotame on gastrointestinal motility were studied in
male Sprague-Dawley rats using the charcoal propulsion test. Rats were assigned
randomly to groups (10 rats per group) and given, by gavage, a single dose of (1)
neotame, at 5 or 15 mg/kg bw per day; or (2) morphine sulfate, at 100 mg/kg bw
per day as a positive control; or (3) vehicle alone (0.5% w/v methylcellulose and
0.1% v/v polysorbate 80). An oral suspension of 5% (w/v) charcoal in water was
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administered approximately 30 min after dosing. The rats were killed, their gastrointestinal tracts removed, and the distance travelled by the charcoal meal
between pyloric sphincter and caecum was measured. The positive control significantly decreased gut, while neotame did not affect gastrointestinal motility at either
dose (Atterson, 1997a).
(ii)

Effects on the autonomic nervous system

The effects of neotame and de-esterified neotame on responses of the autonomic nervous system to acetylcholine, histamine, 5-hydroxytryptamine (5-HT)
and barium chloride were examined. The ileum was removed from Dunkin-Hartley
guinea-pigs and suspended in an organ bath. The concentrations tested in the
organ bath were: neotame, 0 (vehicle only), 20, 60, and 200 mg/ml; and deesterified neotame, 60, 200, and 600 ng/ml. The effect of neotame and de-esterified neotame on agonist responses was evaluated in separate tissues.
Neotame and de-esterified neotame did not affect autonomic responses to
agonist-induced spasmogenic effects in the guinea-pig ileum. In addition, neotame
and de-esterified did not affect the basal tone of the isolated ileum. Thus, neotame
and de-esterified neotame had no agonistic, synergistic, or antagonistic effects on
the receptor systems evaluated (Atterson, 1997c).
(iii)

Effects on hexobarbital sleeping time

An assessment of the possible effects of orally administered neotame on hexobarbital-induced sleeping time was conducted. Groups of five Sprague-Dawley rats
of each sex were given orally administered (1) neotame, at 5 or 15 mg /kg bw per
day; or (2) chlorpromazine hydrochloride, at 15 mg /kg bw per day as a positive
control; or (3) vehicle alone (0.5% (w/v) methylcellulose and 0.1% (v/v) polysorbate 80). These treatments were administered approximately 30 min before an
intraperitoneal injection of sodium hexobarbital at 150 and 100 mg/kg bw per day,
in males and females respectively. Sleep onset and duration of sleeping time were
recorded, based on loss and reappearance of the righting reflex.
Administration of the positive control significantly increased the sleeping times
in males and females, while neotame had no effect on hexobarbital-induced sleeping time in rats. Thus, neotame does not interfere with the metabolism of hexobarbital or its pharmacodynamic effects on the central nervous system (Atterson,
1997b).
(c)

Degradation products of neotame
(i)

Source, structure and chemistry

The degradation of neotame was assessed at an artificially high concentration
of 200 ppm in mock beverages containing phosphate- and citrate-buffered solutions simulating formulations used in commercial cola soft drinks (pH 2.8 and 3.2)
lemon-lime soft drink (pH 3.8) and root beer soft drink (pH 4.5), and covered a
range of temperatures (5, 20, 30, and 35 °C) and storage for up to 8 weeks. These
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conditions simulated typical commercial, as well as extreme, storage conditions
for beverages, with respect to temperature and time. Dependency on pH, time,
and temperature was assessed for all degradation products of neotame. Higher
concentrations of neotame were used to allow detection of low concentrations of
degradation products. The use of higher concentrations of neotame was justified
on the basis of similar kinetic profiles for neotame at 200 ppm and 15 ppm, a concentration relevant to intended use.
The principle degradation product of neotame at concentrations of intended
use or at the much higher concentrations used in mock beverage formulations
was de-esterified neotame. It comprised approximately 7% of the initial amount
of neotame after storage for 8 weeks at 20 °C, pH 3.2. Hydrolysis of neotame to
de-esterified neotame occurs slowly and is dependent upon pH and temperature.
In addition to de-esterified neotame, three minor degradation products were
detected, specifically N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine 1methyl ester formed by cyclization of neotame, N-[N-(3,3-dimethylbutyl)-L- baspartyl]-L-phenylalanine 1-methyl ester formed by b-rearrangement of neotame,
and N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine formed by methyl
ester hydrolysis of N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine 1methyl ester. These minor degradation products represented <1% of the initial concentration of neotame of 200 ppm after 8 weeks of storage at 20 °C. When the
initial concentration of neotame was 15 ppm, these products could not be detected.
The degradation pathways for neotame in mock beverages at a concentration
of 200 ppm are shown in Figure 3 (Lui & Cleary, 1998).
At extreme conditions of temperature and time, two additional minor products
of degradation were detected in mock beverages containing neotame at a concentration of 200 ppm. These conditions are not likely to be encountered during
typical storage and use of neotame in soft drink beverages. The first was N-(3,3dimethylbutyl)-L-aspartic acid, which is a known metabolite of neotame formed
via peptide or amide hydrolysis; exposure to this minor product thus occurred in
the studies of toxicity in laboratory animals and in humans. The other minor
degradant was N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine formed by
the b-rearrangement of neotame to N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-Lphenylalanine 1-methyl ester followed by hydrolysis of the methyl ester group.
Animal safety studies with N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine
1-methyl ester include exposure to N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine, since this substance is a metabolite of N-[N-(3,3-dimethylbutyl)-L-baspartyl]-L-phenylalanine 1-methyl ester based on studies with digestion enzymes
in vitro (Kirkpatrick & Aiken, 1998).
(ii)

Safety evaluation of the degradation products of neotame

Acute toxicity
The acute toxicity of the minor degradation products of neotame was examined in Sprague-Dawley rats. Groups of 10 male and 10 female Sprague-Dawley
rats were given a single dose of N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-
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Figure 3. Degradation of neotame (200 ppm) in mock beverage stored at 20 °C,
pH 3.2, for 8 weeks
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Two other minor products of degradation are methanol and phenylalanine, both of
which are normal components of the diet. The amounts of these components
contributed by consumption of neotame are insignificant compared to the amounts
found normally in food.

phenylalanine 1-methyl ester (NC-00764) or N-[N-(3,3-dimethylbutyl)-Laspartamidyl]-L-phenylalanine 1-methyl ester (NC-00777) at 0, 0.6, 2.0 or 6.0
mg/kg bw per day by gavage and observed for clinical signs for 14 days. Similarly,
N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine (NC-00779) was administered at a dose of 0, 0.3, 1.0, or 3.0 mg/kg bw per day. There were no deaths and
no significant changes in body weight or food consumption in the treated animals.
After administration of NC-00764, body-weight gain was decreased by 23% in
females at the highest dose on day 14 after dosing. There were no treatmentrelated changes in gross pathology after treatment with any of the degradation
products. The results are summarized in Table 2 (Bechtel, 1998a–c).
Genotoxicity
Table 3 summarizes the results of studies of genotoxicity in vitro and in vivo
with the major degradation product of neotame, N-[N-(3,3-dimethylbutyl)-L-aaspartyl]-L-phenylalanine (de-esterified neotame) and each of the minor degradation products.
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Table 2. Acute toxicity of the minor degradation products of neotame
Species

Degradation product

Route

LD50 (mg/kg bw)

Reference

Rat

N-[N-(3,3-dimethylbutyl)-Laspartamidyl]-L-phenylalanine
1-methyl ester (NC-00777)

Gavage

>6000 mg/kg

Bechtel (1998b)

N-[N-(3,3-dimethylbutyl)-L-baspartyl]-L-phenylalanine
1-methyl ester (NC-00764)

Gavage

>6000 mg/kg

Bechtel (1998a)

N-[N-(3,3-dimethylbutyl)-Laspartamidyl]-L-phenylalanine
(NC-00779)

Gavage

>3000 mg/kg

Bechtel (1998c)

Short-term studies of toxicity
In a 4-week study, groups of three male and three female Sprague-Dawley
Crl : CD(SD)BR VAF Plus rats were fed diets containing a mixture of
N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine 1-methyl ester, N-[N-(3,3dimethylbutyl)-L-aspartamidyl]-L-phenylalanine 1-methyl ester, and N-[N-(3,3dimethylbutyl)-L-aspartamidyl]-L-phenylalanine. The relative concentration of the
components of the above mixture was formulated to simulate the ratio of such
components that could be expected in degraded soft-drink beverages. The diets
provided a dose of N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine 1-methyl
ester/N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine 1-methyl ester/N[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine of 0 mg/kg bw per day,
0.2/0.2/0.1 mg/kg bw per day, 0.6/0.6/0.3 mg/kg bw per day, 2.0/2.0/1.0 mg/kg bw
per day or 6.0/6.0/3.0 mg/kg bw per day.
Rats were observed for mortality and clinical signs of toxicity. Body weights
and food consumption were determined periodically. Detailed clinical observations
were performed weekly. Ophthalmological examinations were performed before
treatment and during week 4. At termination, blood and urine samples were collected for analysis of clinical pathology parameters after an overnight fast. A gross
necropsy was performed, including determination of organ weights and collection
of tissues for microscopic examination.
During the study, there were no unscheduled deaths and no clinical signs
attributed to dosing with any of the mixtures. No abnormal findings were
detected on ophthalmoscopic examination. There were no treatment-related
effects on body weights, body-weight gains or food consumption. There were no
treatment-related changes to haematological, clinical chemistry or urine analysis
parameters.
There were no treatment-related changes to organ weights or organ weight
ratios and no treatment-related abnormalities on gross histopathological examination (Lemen, 1998).
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Table 3. Summary of studies of genotoxicity with degradation products of
neotame
End-point

Test object

Concentration
or dose

Result

Reference

N-[N-(3,3-dimethylbutyl)-L-a-aspartyl]-L-phenylalanine (de-esterified neotame)
In vitro
Bacterial gene
S. typhimurium
500–5000 mg/
Negative
Curtiss et al.
mutation
strains TA1535,
plate ±S9a
(1997)
TA1537, TA98,
TA100, TA102
Mammalian gene
mutation

Chinese hamster
ovary cell

20–5000 mg/ml
±S9a

Negative

Cabonce et al.
(1997)

N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine 1-methyl ester
In vitro
Bacterial gene
S. typhimurium
10–5000 mg/
Negative
Balwierz & Bunch
mutation
strains TA1535,
plate ±S9a
(1998a)
TA97A, TA98,
TA100, TA102
Mammalian gene
mutation

Chinese hamster
ovary cell

20–5000 mg/ml
±S9a

Negative

Cabonce et al.
(1998b)

In vivo
Micronucleus
formation

CD-1 mice

500, 1000,
2000 mg/kg bw,
by oral gavage

Negative

Soelter et al.
(1998)

N-[N-(3,3-dimethylbutyl)-L-b-aspartyl]-L-phenylalanine 1-methyl ester
In vitro
Bacterial gene
S. typhimurium
500–5000 mg/
Negative
mutation
strains TA1535,
plate ±S9a
TA1537, TA98,
TA100, TA102

Curtiss et al.
(1998)

Mammalian gene
mutation

Chinese hamster
ovary cell

20–5000 mg/ml
±S9a

Negative

Cabonce et al.
(1998a)

Micronucleus
formation

CD-1 mice bone
marrow

500, 1000,
2000 mg/kg bw,
by oral gavage

Negative

Garrett et al.
(1998)

Negative

Balwierz & Bunch
(1998b)

N-[N-(3,3-dimethylbutyl)-L-aspartamidyl]-L-phenylalanine
In vitro
Bacterial gene
S. typhimurium
10–5000 mg/
plate ±S9a
strains TA1535,
mutation
TA97A, TA98,
TA100, TA102
Mammalian gene
mutation

Chinese hamster
ovary cell

20–5000 mg/ml
±S9a

Negative

Cabonce et al.
(1998c)

In vivo
Micronucleus
formation

CD-1 mice bone
marrow

500, 1000,
2000 mg/kg bw,
by oral gavage

Negative

Nicollette & Bunch
(1998)

a

S9, 9000 ¥ g supernatant of liver homogenate obtained from Aroclor 1254-induced rats
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(d)

Palatability of neotame in rats

In a feasibility study on the dietary preferences of rats, groups of five male and
five female Sprague-Dawley Crl CD(SD)BR VAF Plus rats were fed diets containing neotame at a concentration of 0, 50, 150, 500, 1500, 5000 or 15 000 ppm
(equivalent to 0, 3, 10, 30, 100, 300 or 1000 mg/kg bw per day) in males. Rats were
housed individually in cages provided with two food jars, each containing 50 g of
food. In the pretreatment phase, the same diet was used in both jars, and the position of the jars was not altered. Any preference for one jar was noted. During the
first preference phase of 3 days, treated diets were provided in one jar and basal
diet in the other (controls received basal diet only). During this phase, the position
of the jars in the cage was altered on a daily basis. For the next 7 days, the rats
were given treated diet in both jars. This was followed by a second preference
phase to determine whether acclimatization to the treated diet altered the initial
preferences determined. Diet containing quinine sulfate at 5000 ppm was used as
a positive control.
Rats were observed twice daily during the study for any reaction to treatment
or signs of ill health. Food consumption was determined daily throughout the study,
and was reported as food consumption from each jar in the cage. Body weight
was measured 7 days before treatment, and on days 0, 3, 10 and 13, being the
beginning and end of each study phase. At the end of the study, rats were killed
and discarded without postmortem examination.
No preference for either food bowl was identified during the pre-treatment
phase. During the first preference phase (days 1–3), a preference for the basal
diet was seen at doses of ≥150 ppm, with consumption of the treated diet comprising only 40% of the total intake in males and 45% in females. At the highest
concentration of neotame, virtually none (1% of the total intake) of the treated diet
was eaten. Consumption of neotame was thus similar to that of quinine sulfate in
the first preference phase (1.2% of total intake in males, 0% in females).
On days 4–10, food consumption was decreased at 15 000 ppm by more than
10% compared with controls. Consumption of the positive control diet containing
quinine sulfate was decreased to 63% that of controls in males and 44.9% in
females. During the second preference phase (days 11–14), a similar consumption pattern to that of the first preference phase was observed, although the preference for basal diet at 150 ppm was more marked.
There were only limited effects on body weight in this study. On day 10, the
body weight of males at 15 000 ppm was 11% lower than that of controls (not statistically significant). No significant differences were seen in females. On days
3–10, body-weight gain was decreased at 5000 and 15 000 ppm; the decrease in
males was 63% and 44% of controls, respectively, and in females was 55% and
60% of controls, respectively (Nicholls, 1997a).
In a more comprehensive study on the dietary preferences of rats, six groups
of 14 male and 14 female Crl : CD(SD)BR VAF Plus rats were fed diets containing
neotame at a concentration of 0, 50, 150, 500, 1500, 5000, or 15 000 ppm. The
study design was similar to that described in the feasibility study. In this case,
however, the pre-treatment phase was 5 days and the first preference phase was
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5 days. This was followed by a 5-day phase in which all animals were offered only
treated diet, and then by a second preference phase of 5 days.
Rats were observed twice daily during the study for any reaction to treatment
or signs of ill health. Food consumption was determined daily throughout the study,
and was reported as food consumption from each jar in the cage. Body weight
was measured 5 days before treatment, and on days 0, 5, 10 and 15, being the
beginning and end of each study phase. At the end of the study, rats were killed
and discarded without postmortem examination.
Total food consumption was decreased during the treatment phase in males
and females at doses of ≥5000 ppm. In males, food consumption was decreased
by 12% at 5000 ppm and by 25% at 15 000 ppm. In females, food consumption
was decreased by 7% at 5000 ppm and by 16% at 15 000 ppm. In both preference
phases, a preference for the basal diet was seen at doses of ≥150 ppm, with
intakes of the treated diet representing 23–32% of the total food intake. At concentrations of neotame of ≥5000 ppm, there was almost complete preference for
control diet over the treated diet. Although there was some accommodation to the
treated diet when a choice was not offered, this did not affect the preference for
the untreated diet when offered in the second preference study.
No significant differences in body weight were seen at any time during the
study. Body-weight gain during the treatment phase was significantly decreased
in males at 5000 ppm (42%) and 15000 ppm (95%). In females at 15000 ppm, bodyweight gain was decreased by 45%, but this was not statistically significant.
On the basis of the results of this study, there was a decrease in the palatability of the diet containing neotame at dietary concentrations of ≥150 ppm
(Nicholls, 1997b).
2.3

Observations in humans

2.3.1

Studies of tolerance of single doses

A study was conducted to evaluate tolerance of a single dose of neotame
ingested in solution by healthy men. The safety of neotame was evaluated in a
stepwise fashion, starting with the lowest dose, followed by the intermediate dose
and then the high dose only after safety at lower doses had been confirmed. Nineteen healthy men (mean age ± SD, 28 ± 6 years) were given single doses of 0.10,
0.25, or 0.50 mg/kg bw (seven, six, six men per dose, repectively) of neotame in
solution. The study was randomized, single dose and not double-blinded. Each
man received only one treatment regimen after an overnight fast. Eighteen men
completed the study; one man was excluded due to poor venous access. Clinical
evaluations and laboratory tests were done immediately before dosing and approximately 48 h after dosing.
There were no treatment-related changes in pulse rate or blood pressure, and
no changes in haematology, clinical chemistry or urine analysis parameters. Two
men experienced mild headaches, one before dosing and one after a dose of
0.1 mg/kg bw per day. At 0.5 mg/kg bw per day, another two men had mild
headaches, one before dosing and one after, and one had lower back pain. These
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signs resolved without further treatment and were not attributed to dosing with
neotame (Kisicki et al., 1997).
2.3.2

Studies of tolerance of repeated doses

In a two-week study of tolerance in men and women, neotame was administered to 74 healthy adults (mean age ± SD, 32 ± 10 years). The study was randomized, double-blind, and placebo-controlled, and inclusion and exclusion criteria
were used to select appropriate subjects. Seventy-two healthy men and women
were randomized into three groups of 24 subjects (12 male and 12 female). Two
subjects were dropped for reasons unrelated to administration of the test article
and were replaced by subjects of the same sex. The groups received neotame at
a dose of 0, 0.5 mg/kg bw per day, or 1.5 mg/kg bw per day in capsules, as three
divided doses (given at 07:00, 12:00 and 17:00). The men and women attended
the clinic to receive each dose and to eat a standardized meal. The first morning
dose followed an overnight fast of at least 8 h.
Body weight was determined before the first dose. The sitting blood pressure,
temperature, pulse rate and respiratory rate were determined before the morning
dose on days 1, 3, 5, 7, 9, 11 and 14. Blood for clinical pathology was taken before
dosing on days 1, 3 and 7. Blood samples were taken to determine concentrations
of neotame and de-esterified neotame on days 1, 2, 3, 4, 7, 11 and 15. Plasma
was separated and stored frozen for later analysis. A screen for drugs in urine was
done before dosing on days 1 and 7. An electrocardiogram (ECG) was performed
before dosing on days 1 and 3, and a physical examination (including measurement of body weight) was carried out on day 7. Men and women were monitored
for adverse experiences or unusual symptoms. A physical examination was done
after treatment. Vital signs and body weight were measured, and an ophthalmological examination, ECG and clinical laboratory tests were performed after the
last blood sample had been collected.
Of the 74 (70 Caucasian, 1 Hispanic, 1 Middle-Eastern and 2 Asian) persons
starting the study, 72 successfully completed the study. The failure of two subjects
to complete the study was unrelated to administration of neotame. The mean age
was 33 (range, 20–53) years for women, and 31 (range, 20–53) years for men.
A range of clinical symptoms was documented throughout the study. The most
common finding was headache, namely, eight headaches in five men in the control
group, 16 headaches in seven men at 0.5 mg/kg bw per day and 10 headaches in
four men at 1.5 mg/kg bw per day. Diarrhoea was reported in controls and at
0.5 mg/kg bw per day, but was not reported at 1.5 mg/kg bw per day. Abdominal pain
was reported in one man at 0.5 mg/kg bw per day and two men at 1.5 mg/kg bw per
day. None of these clinical symptoms required medical intervention, and most were
considered mild to moderate, although four headaches were documented as
severe. These clinical symptoms could not be linked to ingestion of neotame.
There were no treatment-related changes in clinical pathology parameters,
heart rate, blood pressure, respiratory rate, temperature, body weight or ECG.
On analysis of blood samples, concentrations of neotame were below the level
of quantification at all time periods. Plasma concentrations of de-esterified
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neotame were approximately proportional to administered dose. In men and
women, plasma concentrations of de-esterified neotame reached steady state after
24 h and 72 h, respectively.
On the basis of this study, neotame was well tolerated in humans when administered at a dose of up to 1.5 mg/kg bw for a period of 2 weeks (Kisicki et al., 1998b).
In a 2-week study of tolerance in persons with diabetes, 18 men and 19 women
with non-insulin dependent diabetes mellitus (NIDDM) were enrolled in a randomized, double-blind, placebo-controlled, multiple dose, crossover study. Inclusion and exclusion criteria were used to select appropriate subjects. Thirty-four
subjects (mean age ± SD, 53 ± 8 years) completed the study. Before treatment,
subjects provided a medical history and underwent a physical examination, eye
examination, ECG, and screening for drugs in urine, pregnancy and hepatitis B
virus and human immunodeficiency virus (HIV). An evaluation of clinical chemistry
parameters, which included plasma concentrations of glucose and insulin, was
also carried out.
Neotame was provided in a blister pack of five gelatin capsules containing 10
mg of neotame or placebo per capsule. A mixture of placebo and treatment capsules was eaten in order to achieve the appropriate dose of neotame, 0, 0.5 or
1.5 mg/kg bw per day. As average body weight was 100 kg, intake was 0, 60 or
150 mg/day. The test material was self-administered in divided doses, three times
daily (07:00, 12:00 and 17:00) for 43 doses (14 days). Each subject received each
dose, with the order randomized between subjects, and a 72 h period allowed
between study periods.
Neotame did not affect plasma concentrations of glucose and insulin in diabetic men and women. There were no statistically significant differences in
maximum observed effect (Emax) or area under the effect–time curve (AUEC0–180)
between treatments for either glucose or insulin.
Neotame was well tolerated by this population. There were no treatmentrelated differences in heart rate, respiratory rate, temperature, blood pressure,
body weight, ECG, or haematological, clinical chemistry or urine analysis parameters. Ten subjects reported adverse experiences, with the most frequently
reported being flu syndrome, headache, and sinusitis; these were not related to
treatment.
On the basis of this study, neotame was well tolerated in persons with noninsulin dependent diabetes mellitus when administered at a dose of up to 1.5 mg/kg
bw per day for a period of 2 weeks (Morrison et al., 1998).
In a 3-month study of tolerance, 151 healthy men and women (mean age ± SD,
35 ± 11 years) were enrolled in a two site, randomized, double-blind, placebocontrolled, parallel study, consisting of three treatment groups. Inclusion and
exclusion criteria were used to select appropriate subjects. A total of 144 men and
women (24 of each sex per group) participated. Neotame was provided in a blister
pack of four gelatine capsules containing 10 mg of neotame or placebo per
capsule. A mixture of placebo and treatment capsules was eaten to yield the appropriate dose of neotame of 0, 0.5 or 1.5 mg/kg bw per day. Average body weight
was 70 kg for women and 80 kg for men, therefore, the doses administered were

124

NEOTAME

0, 30 or 110 mg/day for women and 0, 40 or 120 mg/day for men. The test material was self-administered in divided doses, three times daily (07:00, 12:00 and
17:00). The first morning dose followed an overnight fast of at least 8 h. The dates
and times of administration were recorded in a daily logbook. Subjects attended
the clinic on a weekly basis to receive test material for 7 days; test material for 3
additional days was also supplied to allow flexibility in attendance at the clinic.
On day 1, before the first dose, the sitting blood pressure, temperature, pulse
rate and respiratory rate, ECG and body weight were measured, analysis of urine,
haematological and clinical chemistry parameters was performed and screening
for alcohol or drugs of abuse, and pregnancy was undertaken. On the mornings
of study days 7, 14, 28, 42, 56, 84 and 92, subjects were instructed not to take
the morning dose or to eat until after attendance at the clinic and blood sampling.
Haematology, clinical chemistry and urine analysis, as well as a physical examination, were done at these times. Vital signs were determined before the morning
dose weekly throughout the study (on attendance at the clinic to obtain additional
test material). On the morning of day 92, blood was taken for clinical pathology
tests, clotting times, thyroxine, pregnancy test and possible analysis of concentrations of compound in the plasma. Urine was collected for urine analysis and
screening for alcohol and drugs. A physical examination, including vital signs, body
weight, ophthalmology and ECG was also done.
The majority of men and women in the study were Caucasian, with a small
number being American Indian, persons of African origin, European/Middle Eastern
and Hispanic. The mean age was 35 (range, 19–65) years for women and 34
(range, 19–54) years for men.
With respect to clinical symptoms, 82 persons reported at least one adverse
reaction during the study. Most of these were determined to be of mild or moderate severity, and were reported in all three treatment groups, with no
dose–response relationship or statistically significant differences between groups.
Headache was the most common adverse experience, occurring in 16, 15 and 13
persons at 0, 0.5 and 1.5 mg/kg bw per day, respectively. There were no serious
adverse reactions during treatment.
There were no treatment-related changes throughout the study in pulse rate,
blood pressure, respiratory rate, temperature, body weight, ophthalmological or
haematological parameters. The sporadic changes observed in clinical chemistry
parameters were not considered to be of biological significance or to be
treatment-related.
On the basis of the results of this study, neotame was well tolerated at a dose
of up to 1.5 mg/kg bw per day for 91 days, with no treatment-related adverse effects
(Kisicki et al., 1998c).

3.

DIETARY INTAKE

Neotame is currently permitted for use in the United States, Australia, China,
Costa Rica, the Czech Republic, Ecuador, Mexico, New Zealand, Peru, Poland,
Romania, and Trinidad and Tobago. In the Czech Republic, Poland and Slovakia,
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maximum permitted levels have been established for various categories of foods
and beverages. In other countries, neotame is allowed at levels necessary to
achieve desired technical effects, according to good manufacturing practice
(GMP). In Australia and New Zealand, an acceptable daily intake (ADI) for neotame
of 0–2 mg/kg bw was established in 2001; neotame is permitted to be used at levels
consistent with GMP in a large number of solid and liquid food categories (Australia New Zealand Food Standards Code, 2003). In the United States, an ADI of
0–0.3 mg/kg bw was established in 2002; neotame has general approval for use
in foods and beverages and is authorized at levels consistent with GMP as a
non-nutritive sweetener in all foods, except meat and poultry (Food and Drug
Administration, 2002).
Typical levels of use as provided by the sponsor vary from 15 to 17 mg/kg in
beverages and from 15 to 70 mg/kg in solid foods, with the exception of chewing
gum, 250 mg/kg.
The budget method was used to estimate the theoretical maximum level of
neotame in foods and beverages likely to contain neotame that would not result
in the ADI being exceeded by the population (Table 4). The proportion of both solid
foods and beverages that may contain neotame was set at 50%.
The theoretical maximum levels calculated are higher than the typical use
levels received from the sponsor for all products, with the exception of table-top
sweeteners and chewing gums. However, use of neotame in these two categories
will not lead to intakes greater than the ADI since conservative calculations
based on the lowest sweetness potency of neotame (7000 times that of sugar)
suggest that substitution of neotame for dietary sugar at up to 14 g/kg bw (i.e.
840 g in a 60-kg adult) would be necessary to reach the ADI. Exceeding
the ADI is therefore extremely unlikely and further intake estimates are not
warranted.
Projections of intake were provided by Australia and New Zealand (Hambridge,
2003a, b) and by the sponsor (Stargel, 2002). Such projections are not reported
here since refinements of intake were not necessary.

Table 4. Estimated theoretical maximum level of neotame in food, by the
budget method
Distribution of
use in the food
supply

% of solid foods
or beverage
supply containing
neotame

Theoretical maximum
level (mg/kg)
ADI = 0–2 mg/kg bwa

Typical use levelsa
(mg/kg)

50% solid foods
50% beverages

50
50

80
20

70
17

a

Highest level excluding chewing gum (for which the typical use level is 250 mg/kg) and
table-top sweeteners, for which use levels are not applicable
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COMMENTS

The metabolism and pharmacokinetics of neotame have been examined in
mice, rats, dogs, rabbits and humans. Approximately 20–30% of orally administered neotame is absorbed in all species studied. The major metabolic pathway
for both absorbed and non-absorbed neotame is de-esterification to N-[N-(3,3dimethylbutyl)-L-a-aspartyl]-L-phenylalanine and methanol, a reaction that is mediated by non-specific esterases. More than 95% of orally administered neotame is
metabolized. De-esterified neotame accounted for approximately 80% of the
neotame administered, while other metabolites each accounted for <5%.
In studies in rats given radiolabelled neotame by gavage, radiolabel was found
to be primarily confined to the stomach, gastrointestinal tract, liver, kidney, and
bladder, with smaller amounts of radiolabel detected throughout the rest of the
body. There was no evidence for accumulation of radiolabel in any tissue. In a
study in pregnant rats, radiolabel was not detected in the fetus. After oral administration of radiolabelled neotame to rats and dogs, 90–95% of the radiolabel was
recovered in the urine and faeces within 48 h. The major metabolite found in the
urine and faeces of the rat and dog was de-esterified neotame. Unchanged
neotame was not detected in rat urine but was present at 1–6% of the administered dose in the urine of dogs. Unchanged neotame was not detected in the
faeces of rats or dogs. Pharmacokinetic analysis of plasma metabolites after oral
administration of radiolabelled neotame to rats indicated that peak plasma
concentrations occurred after 0.5 h, followed by a rapid decline with a t / of
approximately 1 h.
1

2

Pharmacokinetic analysis of absorbed neotame in human plasma after oral
administration of radiolabelled neotame indicated rapid absorption, with a
maximum plasma concentration at 0.4 h followed by rapid clearance (t / , 0.6 h).
Concentrations of de-esterified neotame in plasma peaked at 1 h and declined with
a t / of 1.5 h. After oral administration of radiolabelled neotame to humans, 98% of
the radiolabel was recovered in the urine and faeces within 72 h. De-esterified
neotame was the major metabolite in both urine and faeces. The unchanged
neotame detected in the urine represented 3.3% of the administered dose, while
no unchanged neotame was found in the faeces. A metabolite detected initially
only in human urine (and subsequently also in female rat urine) was identified as
3,3-dimethyl-butanoyl-L-carnitine and represented 0.5–3.4% of the administered
dose of neotame. On the basis of the data evaluated, the Committee considered
that neotame is rapidly but only partially absorbed in all species studied, and that
both absorbed and non-absorbed neotame are metabolized via well-characterized
pathways to non-toxic metabolites. The major metabolite, de-esterified neotame,
is itself eliminated rapidly in the urine and faeces, with no evidence of tissue
accumulation.
1

1

2

2

Short-term and long-term studies with neotame have been conducted in mice,
rats and dogs using a body-weight adjusted constant dose regime. In all of these
studies, the major effect observed was a treatment-related decrease in bodyweight gain, which was linked in most cases to a measurable decrease in food
consumption, particularly at high doses. The Committee considered that this effect
was due to reduced palatability of the diet containing neotame, rather than toxic-

NEOTAME

127

ity induced by neotame. This conclusion is supported by several observations.
First, in the 13-week study in mice given neotame in the diet, the high incidence
of food scattering is indicative of reduced palatability of the diet. Second, the bodyweight changes observed in the 13-week studies in rats and dogs were partially
reversible when the animals were returned to a basal diet for a 4-week period at
the end of the study. Third, reduced food consumption often occurred at the start
of treatment at all doses, followed by some degree of adaptation as the animals
adjusted to the diet. Fourth, studies were conducted over a wide range of doses
(50–1000 mg/kg bw per day) and body-weight changes were not closely related to
dose, as would be expected if the observed changes were a manifestation of treatment-related toxicity. Fifth, in the 1-year study in rats, there were no changes in
body-weight gain or food conversion efficiency in rapidly growing rats consuming
diets diets containing neotame. Sixth, when the effect of neotame on palatability
of the diet was specifically examined in a preference study comparing basal diets
with and without neotame at a concentration of 50–15 000 mg/kg diet, the rats
showed a clear preference for the diet without neotame when the concentration of
neotame was ≥150 mg/kg diet. There was no significant decrease in body weight
observed in this study, but body-weight gain was reduced in males at ≥5000 mg/kg
diet, when the reduced palatability caused a significant decrease in food consumption. In the light of the above information, the Committee agreed that the
NOELs for the various short-term and long-term studies of toxicity should not be
assigned on the basis of decreases in body weight or body-weight gain.
Aside from the palatability-related decreases in body-weight gain, neotame
was well tolerated in all species at high doses in the diet in both the short-term
and long-term studies, with no clinical signs of toxicity. In the 13-week study in
mice, the NOEL was 1000 mg neotame/kg bw per day in the diet, on the basis
of an increase in liver weight relative to body weight. In the 13-week study in
rats, there was a small but significant increase in serum alkaline phosphatase
activity at 1000 and 3000 mg/kg bw per day at week 13. On the basis of these
changes, the NOEL for neotame was 300 mg/kg bw per day. However, in the 1year study in rats exposed in utero, no increases in alkaline phosphatase activity
were observed and the NOEL for neotame was 1000 mg/kg bw per day, the highest
dose tested.
In the 13-week study in dogs, there were changes in clinical chemistry parameters in dogs fed neotame at ≥ 600 mg/kg bw per day, including significant
increases in the activity of serum alkaline phosphatase, which isoenzyme analysis confirmed to be of hepatic origin. The small increase in activity of alkaline phosphatase observed at 200 mg/kg bw per day in three out of four female dogs was
not considered to be toxicologically significant, and a NOEL for neotame of
200 mg/kg bw per day was established. In the 1-year study in dogs, the only significant change was an increase in the activity of alkaline phosphatase (hepatic
isoenzyme) that was observed only at the highest dose (800 mg/kg bw per day) in
both males and females. The increase in activity of alkaline phosphatase was
rapidly reversible and was not accompanied by changes in other parameters
indicative of cholestasis or other hepatotoxicity. Nevertheless, the Committee considered this to be indicative of a treatment-related effect and it was therefore used
as the basis of the NOEL for neotame of 200 mg/kg bw per day.
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In the 2-year study of carcinogenicity in mice, there was no treatment-related
increase in tumour incidence at doses of up to 4000 mg/kg bw per day. In the 2year study of carcinogenicity in rats exposed in utero, there was no treatmentrelated increase in tumour incidence at doses of up to 1000 mg/kg bw per day.
In a study of reproductive toxicity in rats, there were no treatment-related
effects on reproductive parameters (estrus cycle, mating performance, fertility,
duration of gestation, parturition, and gestation index) or on litter size, sex ratio,
offspring viability, physical development or learning at doses of up to 1000 mg/kg
bw per day. The major effect observed was a reduction in body-weight gain in
treated animals compared with controls. As in the short- and long-term studies, the
Committee considered this to be related to a decrease in food consumption caused
by the reduced palatability of the diet containing neotame. Mean litter body weights
in treated groups in both the F1 and F2 generations were also reduced at day 21
compared with controls, probably as a result of a decrease in food consumption
during pre-weaning days 14–21 when pups begin to consume solid food. The significant increase in swim time for F1 males in a water-filled Y-maze at 1000 mg/kg
bw per day was within the variability seen in studies of this type and was likely to
be related to reduced body weight rather than reduced learning ability. The Committee considered that the NOEL for neotame in this study, on the basis of the
highest dose tested, was 1000 mg/kg bw per day.
The developmental toxicity of neotame was examined in rats and rabbits at a
dose of up to 1000 mg/kg bw per day and 500 mg/kg bw per day, respectively. In
neither species was there any evidence of embryotoxicity or teratogenicity. In rats,
there was an immediate but transitory decrease in food consumption resulting in
lower body-weight gain in the treated animals; however, there was no significant
effect on body weight or body-weight gain during gestation. In rabbits, there was
no significant effect on overall food consumption, body weight or body-weight gain.
Studies of genotoxicity have examined the ability of neotame to induce gene
mutations in both bacterial and mammalian cells, as well as chromosome aberrations in Chinese hamster ovary cells in vitro and in bone marrow cells from mice
in vivo. There was no evidence of genotoxicity in any of the tests.
The potential pharmacological effects of neotame on the gastrointestinal
system in rats, on the autonomic nervous system in guinea-pig ileum, on the
parameters associated with the cardiovascular, respiratory or renal systems in
dogs, and on the hexobarbital-induced sleeping time in rats were examined. There
was no evidence of pharmacological activity associated with neotame.
Studies of tolerance in humans included a study of single doses in men, 2week studies in both diabetic and non-diabetic men and women, and a 3-month
study in men and women. Single doses of neotame at 0.5 mg/kg bw per day were
tolerated without treatment-related signs or symptoms. In both the 2-week studies
in diabetic and non-diabetic adults, there were no signs or symptoms associated
with the administration of neotame. In the study in diabetic adults, treatment with
neotame had no effect on plasma glucose or insulin concentrations. In both these
2-week studies, neotame was well tolerated at a dose of up to 1.5 mg/kg bw per
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day. In the 3-month study of tolerance in non-diabetic adults, there were no signs
or symptoms associated with the administration of neotame at a dose of up to 1.5
mg/kg bw per day.
The major degradation product of neotame under normal storage conditions
was de-esterified neotame, which accounted for 7% of the initial concentration of
neotame after 8 weeks storage. Three minor degradation products were formed
that represented <1% of the initial concentration of neotame. All the degradation
products have low acute toxicity and gave negative results in tests for genotoxicity. Furthermore, no treatment-related adverse effects were observed in a 4-week
study in rats fed with a mixture of the three minor degradation products. The Committee also noted that the safety studies with neotame in laboratory animals and
humans would have included low levels of these degradation products.

5.

EVALUATION

On the basis of the available studies, the Committee considered neotame to
be a substance of low toxicity in a range of species, including humans. Appropriate studies indicated that neotame is not carcinogenic, mutagenic, teratogenic
or associated with any reproductive/developmental toxicity. The only consistent
treatment-related effect observed was an increase in serum alkaline phosphatase
activity in the 13-week and 1-year studies in dogs fed diets containing neotame .
While the increase in alkaline phosphatase was moderate, reversible, and was not
accompanied by other evidence of liver toxicity, the observed change was reproducible, of high statistical significance and treatment-related. The Committee
agreed there were insufficient data to discount this effect and therefore accepted
the dog as the most sensitive species with a NOEL for neotame of 200 mg/kg bw
per day, on the basis of the 1-year study in dogs fed diets containing neotame.
Studies of tolerance in humans confirmed the lack of any treatment-related signs
or symptoms at a dose of up to 1.5 mg/kg bw per day in diabetic and non-diabetic
subjects. Although a 1-year study is not considered to be a long-term study in dogs,
an additional safety factor was not considered necessary, in light of the data for
humans.
The Committee established an ADI of 0–2 mg/kg bw for neotame on the basis
of a NOEL of 200 mg/kg bw per day in a 1-year study in dogs and a safety factor
of 100.
Assessment of intake. Neotame is intended for use as a table-top sweetener
as well as in a large variety of solid and liquid foods. Conservative calculations
based on its lowest sweetness potency (7000 times that of sugar) suggest that an
intake of 2 mg/kg bw per day would correspond to the replacement of 840 g of sugar
in the diet of a 60-kg adult. Therefore even a total replacement of sugar with
neotame would not lead to the ADI being exceeded.
The Committee agreed that the ADI also applied to individuals with phenylketonuria, since the formation of phenylalanine from the normal use of neotame
would not be significant in relation to this condition.
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EXPLANATION

Polyvinyl alcohol is a synthetic resin that is prepared by polymerization of vinyl
acetate, followed by partial hydrolysis of the resulting ester in the presence of an
alkaline catalyst. The number of acetate groups in polyvinyl alcohol is determined
by the degree of hydrolysis (86.5–89.0% hydrolysis for this food additive specification). Polyvinyl alcohol is used as a coating, binder, sealing and surface finishing agent in food products such as dairy-based desserts, confectionery and cereal
products and dietary supplement tablets, in the range of 0.2–1.8% by weight.
Polyvinyl alcohol has not been evaluated previously by the Committee.
Polyvinyl alcohol (synonyms, vinyl alcohol polymer, PVA, ethenol homopolymer) is a water-soluble synthetic resin, prepared by the polymerization of vinyl
acetate, followed by partial or complete catalysed hydrolysis. The primary raw
material used in the manufacture of polyvinyl alcohol is vinyl acetate monomer dissolved in methanol. The polymerization involves the presence of two proprietary
cataytic agents. After polymerization, the material undergoes controlled hydrolysis
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with aqueous sodium hydroxide, during which the ester groups in the vinyl acetate
are replaced with hydroxyl groups. Polyvinyl alcohol is precipitated, washed and
dried to form an odourless, tasteless, white or cream-coloured granular powder.
The physical characteristics of polyvinyl alcohol vary depending on the degree
of polymerization and hydrolysis. Polyvinyl alcohol is classified into grades of
partially and fully hydrolysed polymers with different intended functional uses.
Polyvinyl alcohol has a history of use in cosmetic, food packaging materials,
pharmaceutical and medical applications.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

2.1.1

Absorption, distribution and excretion
(a)

Oral administration

Three male Fischer 344 rats received water containing 0.01 mg of 14C-labelled
polyvinyl alcohol, by oral gavage. More than 98% of the administered dose was
excreted in the faeces within 48 h, with trace amounts (0.18%) detected in the
urine. No radioactivity derived from polyvinyl alcohol was detected as expired
carbon dioxide (CO2).
In a second study, three male Fischer 344 rats received 0.1 mg of 14C-labelled
polyvinyl alcohol by oral gavage, daily for 10 consecutive days. Twenty-four
hours after the final dose, the quantity of radioactivity recovered from the
blood, liver, kidneys, skin, muscle and adipose tissues accounted for 0.05% of the
total administered dose. The principle route of excretion was in the faeces, with
<0.2% of the administered dose being detected in the urine (Sanders & Mathews,
1990).
The 36th Report of the Cosmetic Ingredient Review Expert Panel reported a
study attributed to the Haskell Laboratory (1960; original source documents not
provided) in which groups of six Charles River rats received 100 mg (equivalent to
a dose of 250 mg/kg bw) of polyvinyl alcohol (commercial grade, non-radioactive)
daily for 7 days, followed by 100 mg per day of: (a) high viscosity, unhydrolysed
polyvinyl alcohol labelled with 14C, average relative molecular mass, 148 000; or
(b) high viscosity, polyvinyl alcohol, average relative molecular mass, 150 000; or
(c) low viscosity, polyvinyl alcohol, average relative molecular mass, 32 000. Three
rats per group were killed after receiving five doses of the test material, and three
rats were killed after receiving 10 doses. Urine and faeces were collected each
day for analysis. A similar study was carried out using groups of four male mongrel
dogs that received 2 g of polyvinyl alcohol per day (equivalent to 200 mg/kg bw per
day). No radioactivity was detected in the urine of any animals. For the high viscosity preparations (a) and (b), trace amounts (<1 ppm) of radiolabel were detected
in the brain, kidney and liver of both rats and dogs. For the low viscosity solution
of polyvinyl alcohol, (c), marginally larger quantities of radiolabel were detected in
these organs (brain, 0.60–1.29 ppm; kidney, 0.52–1.35 ppm; liver, 1.21–6.91 ppm)
(Cosmetic Ingredient Review Expert Panel, 1998).
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Intravenous administration

Groups of female BALB/cCrS1c mice aged 8–12 weeks received 125I-labelled
polyvinyl alcohol with relative molecular mass ranging from 14 800 to 434 000, by
injection into the tail vein. The half-life for excretion varied from 90 min for the
polyvinyl alcohol of low relative molecular mass, to 23 h for polyvinyl alcohol of
highest molecular weight. The principal route of excretion was in urine. Almost 80%
of polyvinyl alcohol of low relative molecular mass (14 800) was excreted by this
route within 30 min of administration. The slower rate of excretion of the highmolecular-weight polyvinyl alcohol appeared to be caused by lower permeability
at the renal glomeruli that was related to high relative molecular mass (Yamaoka
et al., 1995).
Female Fischer 344 rats received a single intravenous injection of 14C-labelled
polyvinyl alcohol (0.1 mg/kg bw) in the tail vein. Sixty-four percent of the dose was
excreted in the urine and 3% in the faeces within 24 h. Seventeen percent of the
dose was retained in the liver at 24 h, decreasing to 12% by day 3 and 4% by day
10. A further 2% was excreted in the urine between days 1 and 10. Faecal excretion accounted for 5% of the administered dose by day 3 and 13% by day 10.
There was no evidence for metabolism of polyvinyl alcohol (Sanders & Mathews,
1990).
(c)

Intravaginal administration

Five female Fischer 344 rats received a single dose of 0.5 mg of 14C-labelled
polyvinyl alcohol (equivalent to 3 mg/kg bw) intravaginally. The animals were killed
after 4 days and tissues were examined. There were marked variations in the
amount of residual radioactivity detected in the vagina (from trace amounts to 19%
of the administered dose). Most of the radioactivity derived from polyvinyl alcohol
was excreted in the urine or faeces. Although low (0.1–0.8% of the dose), absorption of polyvinyl alcohol administered by this route was greater than that of polyvinyl
alcohol administered orally. The greatest quantity of radiolabel (0.8%) was reported
in the liver. In follow-up studies, groups of rats received 1, 3 or 10 daily doses of
14
C-labelled polyvinyl alcohol (3 mg/kg bw). Blood was collected from animals in
each group for up to 30 days after the last dose. Radioactivity derived from
polyvinyl alcohol was very low but increasingly concentrated in the liver over time
and, to a lesser extent, in the kidneys, muscle, skin, adipose tissue and spleen.
The peak concentration in the liver, 24 h after the administration of 10 consecutive
doses of 3 mg/kg, was <2 ppm. Concentrations of the polyvinyl alcohol only
decreased slowly after the cessation of dosing (Sanders & Mathews, 1990).
2.1.2

Biotransformation

No information was available.
2.1.3

Effects on enzymes and other biochemical parameters

No information was available.
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2.2

Toxicological studies

2.2.1

Acute toxicity

The results of studies on the acute toxicity of polyvinyl alcohol are summarized
in Table 1.
2.2.2

Short-term studies of toxicity
Mice

In a study undertaken by the Pharmacology Department of Osaka University
and reported in the Japanese Standards of Cosmetic Ingredients (JSCI), 10 mice
received polyvinyl alcohol at a dose of 500 mg/kg bw per day for 20 days. The route
of administration was not specified. Other than one death, no treatment-related
adverse effects were observed. The report contains no original data suitable for

Table 1. Acute toxicity of polyvinyl alcohol
Species

Sex

Route

Mouse

NA

Subcutaneous
injection
Oral
Intraperitoneal

>1 500
2 000–4 000

JSCI (1968)a
Burford & Chappel (1968)b

Oral

>4 000

Burford & Chappel (1968)b

Oral
Oral
Oral
Oral
Oral
Oral
Oral

14 700
>10 000
>20 000
>21 500
>5 000
>15 000
>20 000

Rat

Dog

NA
Males and
females
Males and
females
NA
Males
NA
Males
NA
NA
NA

LD50 (mg/kg bw)
>300

Reference
JSCI (1968)a

Zaitsev et al. (1986)c
Hazleton Laboratories (1959)d
Zaitsev et al. (1986)c
Hazleton Laboratories (1959)d
CTFA (1980)d
CTFA (1980)d
Hazleton Laboratories (1959)d

NA, not available
The relative molecular mass or percentage hydrolysis of the polyvinyl alcohol used was
not available for the studies cited in Table 1
a
Provided as results only, no original data provided for evaluation
b
Groups of two male and two female albino mice received a single intraperitoneal
injection of a 5% solution of acacia gum in saline containing polyvinyl alcohol (no relative
molecular mass specified) at a concentration of 250, 1000, 2000, 3000 or 4000 mg/kg, or
orally at 250, 500, 1000, 1500, 2000, 3000 or 4000 mg/kg. After intraperitoneal
administration, one male mouse at 2000 mg/kg and two males and one female at 4000
mg/kg died. After oral administration, two male mice at 1000 mg/kg and one male at
3000 mg/kg died. No other deaths were reported in the study. The study is an
unpublished research report and is not accompanied by GLP or QA certification
c
Provided as results only. The original reference was provided in Russian with no English
translation and, therefore, not subject to evaluation
d
Studies reported by the Cosmetic Ingredient Review Expert Panel (1998). Original
documents not available for evaluation for this report
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evaluation purposes and the relative molecular mass and percentage hydrolysis
of the polyvinyl alcohol used were not identified (Japanese Standards of Cosmetic
Ingredients, 1968).
In another study by the same researchers, 30 mice received polyvinyl alcohol
at a dose of 100, 500 or 1000 mg/kg bw per day for 26 weeks. No signs of toxicity were seen and no differences were observed in either growth rate or bodyweight gain, compared with controls. No toxicologically significant histopathological
changes in stomach, intestines, heart, lungs, liver, kidneys, pancreas, thyroid and
spleen were reported. The report contains no original data suitable for evaluation
purposes and the relative molecular mass and percentage hydrolysis of the
polyvinyl alcohol were not identified.
Two groups of 50 female B6C3F1 mice received 20 ml of a 25% aqueous solution of polyvinyl alcohol by intravaginal administration, daily for 30 days. Animals
in one group were returned to their cages immediately after dosing. Animals in the
other group were restrained in a vertical nose-down position for several minutes
after dosing. A control group of 50 mice received 20 ml of deionized water only. No
lesions related to treatment with the test material were observed (National Toxicology Program, 1998).
Polyvinyl alcohol sponges were inserted subcutaneously into male Bar Harbor
C57 mice. Biopsies were taken at 1, 3, 5, 6, 9 and 18 weeks. The sponges became
more resistant to cutting at each biopsy. There was evidence that fibroblast capsules were extending into the sponges, accompanied by considerable collagenous
material. Vessels were observed extending into the sponges at 6 weeks. No evidence of toxicity around the implant site was reported. This study was a published
report with no original data suitable for evaluation. The relative molecular mass
and percentage hydrolysis of the polyvinyl alcohol were not identified (Moore &
Brown, 1952).
None of the available short-term studies in mice are relevant to the current
evaluation of polyvinyl alcohol.
Rats
Groups of 10 rats received one of two preparations of 0.5% polyvinyl alcohol
in drinking-water for 8 weeks (equivalent to 116 or 151 mg per day or an average
of 500 or 700 mg/kg bw per day). The relative molecular mass and degree of hydrolysis of the polyvinyl alcohol used were not specified. Two animals at one dose
died in the seventh and eight weeks respectively. All animals in the other dose
group lost condition and body weight during the study. No macroscopic pathology
related to treatment with the test material was observed in the surviving animals.
The absence of adequate controls prevented interpretation of sporadic lesions
reported to occur in the brains, lungs and kidney of individual animals. The study
was provided as results only and was not certified for GLP or quality assurance
(QA). A NOEL was not identified in this study (Haskell Laboratory, 1936).
Forty-six female Holtzman rats, divided into four groups received one of three
grades of polyvinyl alcohol (relative molecular mass, 37 000, 133 000 or 185 000)
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as a 5% solution in physiological saline or saline by subcutaneous injection, daily
for 4 weeks. Animals were given distilled water containing 1% sodium chloride
throughout the study. Animals were killed on days 29 or 30 and tissues were taken
for weighing and for histological examination. All rats in the group given polyvinyl
alcohol of relative molecular mass 133 000 had polydipsia, progressive severe
hypertension and body-weight loss. By comparison, animals in the groups receiving polyvinyl alcohol of relative molecular mass 37 000 or 185 000 showed a small
increase in blood pressure compared to the control group. At sacrifice, accumulation of ascitic fluid in the abdominal cavity, enlarged, pale and granular kidneys with
evidence of punctuate surface haemorrhage, glomerulonephritis, and enlargement
of the heart, liver and spleen were observed in animals given polyvinyl alcohol of
intermediate relative molecular mass. Less marked hepatosplenomegaly and renal
and cardiac enlargement were also reported in the group given high-molecularweight polyvinyl alcohol, but tissues from this group were not otherwise reported to
be grossly abnormal. No abnormalities were reported in the group given lowmolecular-weight polyvinyl alcohol. Histological examination indicated severe renal,
cardiac and splenic arterial lesions in the group given intermediate-molecular-weight
polyvinyl alcohol, consistent with hypertension. The authors suggested that the
observed pathological effects were dependent on the relative molecular mass of the
polyvinyl alcohol rather than on its chemical structure. The study was a published
report with no original data suitable for evaluation (Hall & Hall, 1963).
Four rats received 2 g of polyvinyl alcohol in 45 g diet (equivalent to 4400 mg/kg
bw per day) for 2 weeks, followed by 4 g of polyvinyl alcohol in 45 g diet (equivalent to 8800 mg/kg bw per day) for 2 weeks. Two animals were killed after 4 weeks.
The remaining two animals received 10 g of polyvinyl alcohol in 25 g diet (equivalent to 28 600 mg/kg bw per day) for a further 2 weeks and were killed after week
6. No toxicity related to treatment with polyvinyl alcohol was reported in the two
animals killed at week 4. Hepatic hydrophobic degeneration was noted in the two
animals killed at week 6. The study was a published report with no data suitable
for evaluation. A NOEL was not identified in this study (Hueper, 1939).
Groups of 20 male and 20 female outbred Sprague-Dawley rats were given
diets containing polyvinyl alcohol at a dose of 0, 2000, 3500 or 5000 mg/kg bw per
day for at least 90 days. The study was conducted in compliance with USDA regulations for GLP (Part 58 of 21 CFR), EEC GLP regulation 99/11/EEC and OECD
GLP principles. Ten animals of each sex per group were examined for neurobiological effects before the start of treatment and between days 88–91. Blood was
obtained from up to 10 animals of each sex per group on days 28, 56 and at termination (days 95 and 96). Unformed stools accompanied by anogenital staining,
were observed in males at 3500 and 5000 mg/kg bw per day. These effects were
considered to be related to the high content of unabsorbed test material in the diet
and not to adverse toxicological effects. No deaths related to treatment with the
test material occurred during the study. All animals were killed between days 92
and 99. No significant differences in body weight, neurobehaviour, haematology,
blood coagulation, clinical chemistry, urine analysis, organ weight or macroscopic
and microscopic pathology were observed. Food consumption in the treated
groups was comparable or slightly higher than that of controls throughout the study.
The NOEL was 5000 mg/kg bw per day (Huntingdon Life Sciences, 2000a).
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Two groups of 10 rats received one of two preparations of polyvinyl alcohol at
a dose of 500 mg/kg bw every second day for six doses (average dose, 250 mg/kg
bw per day). The preparations were stated to differ in relative molecular mass and
degree of hydrolysis, but details were not provided. One animal from one group
died 24 h after the first injection and one animal from the second group after the
sixth injection, apparently from pre-existing conditions not related to treatment. The
remaining animals had oedema and necrosis at the injection site. A number of
animals showed abnormal lung pathology and a majority of animals exhibited
abnormal renal pathology. However, the absence of adequate controls for this
study did not allow a thorough evaluation of these findings to be made. The study
was a research report that did not appear to be certified for GLP or QA, and no
raw data were suitable for evaluation (Haskell Laboratory, 1936).
In a subsequent study, groups of 10 rats were given one of two preparations
of polyvinyl alcohol, or a mixture of equal concentration, at a dose of 500 mg/kg
bw per day for up to 16 days. The preparations were stated to differ in relative
molecular mass and degree of hydrolysis, but details were not provided. No deaths
occurred during the study. Animals exhibited swelling of the subcutaneous tissue
at the injection site. Abnormal lung pathology and renal pathology was observed
in several animals (number not stated). Degenerative testicular changes were also
seen in a considerable number of animals. The absence of adequate controls for
this study prevented a thorough evaluation of these findings from being made. A
NOEL was not identified in these studies.
Groups of 10 rats, dehaired on the back, received one of two preparations of
polyvinyl alcohol at a dose of 120 mg per day, 5 days per week, for 8 weeks. The
preparations were stated to differ in relative molecular mass and degree of hydrolysis, but details were not provided. Animals lost hair at the application site during
treatment, possibly owing to the application of the test material with adhesive tape.
The lack of adequate controls, however, did not permit evaluation of this effect.
The report states that all animals were killed at the end of the treatment period,
but also states that 1 week after the last treatment, all animals showed even hair
growth. No skin lesions or inflammatory reactions were seen at the application site.
Animals killed at an unspecified time after completion of treatment showed no indications of abnormal pathology or histology. The study was provided as results only
and was not certified for GLP or QA. A NOEL was not identified in this study
(Haskell Laboratory, 1936).
Twelve albino rats aged 2 months received 1 ml of a 5% aqueous solution of
polyvinyl alcohol by subcutaneous injection, five times a week for 4 weeks. One
rat died at the end of week 3. Six rats were killed after the final injection and the
remaining five were killed 2 weeks later. Organs and tissues were removed for
macroscopic and histological examination. Necrosis and granulomatous inflammatory tissue was found to be associated with a large amount of polyvinyl alcohol
retained at the injection site. Polyvinyl alcohol was also found in the lumens of
blood vessels associated with a number of organs, occluding smaller vessels, in
particular the capillaries of the lungs associated with endothelial degeneration.
Aggregates of polyvinyl alcohol were found in the renal glomeruli. Spleens were
moderately enlarged, dark red and firm. All animals showed increased numbers
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and swelling of Kupffer cells. The absence of adequate controls for this study prevented a thorough evaluation of these findings. The study was a published report
with no original data suitable for evaluation (Hueper, 1936).
Groups of 20 male and 20 female outbred Sprague-Dawley rats were given
diets containing polyvinyl alcohol at a dose of 0, 2000, 3500 or 5000 mg/kg bw per
day for at least 90 days. The study was conducted in accordance with USDA GLP
regulations (Part 58 of 21 CFR), EEC GLP regulation 99/11/EEC and OECD GLP
principles. Ten animals of each sex per group were examined for neurobiological
effects before the test and between days 88 and 91. Blood was taken from up to
10 animals of each sex per group on days 28 and 56 and at termination (days 95
and 96). Unformed stools accompanied by anogenital staining were observed in
males at 3500 and 5000 mg/kg bw per day. These effects were considered to be
related to the high content of unabsorbed test material in the diet and not to
adverse toxicological effects. No deaths related to treatment with the test material
occurred during the study. All animals were killed between days 92 and 99. No significant differences in body weight, neurobehaviour, haematology, blood coagulation, clinical chemistry, urine analysis, organ weight or macroscopic pathology were
observed. Microscopic examination of an extensive range of organs and tissues
from animals in the control group and the group treated with a high dose, including the gastrointestinal tract and Peyer’s patches, and all gross lesions indicated
no evidence of treatment-related abnormal pathology. Food consumption in the
test groups was comparable to or slightly higher than that of controls throughout
the study. This was the only short-term study provided, in any species, that is
directly relevant to the safety evaluation of oral exposure to polyvinyl alcohol. The
NOEL was 5000 mg/kg bw per day (Huntingdon Life Sciences, 2000a).
2.2.3

Long-term studies of toxicity and carcinogenicity

Groups of 100 female B6C3F1 mice received 20 ml of deionized water containing 0 or 25% polyvinyl alcohol by intravaginal administration, 5 days per week for
104–105 weeks. A second control group of 100 animals were not treated. The test
material was reported to have a relative molecular mass of 24 000 and to be 88%
hydrolysed. No evidence of carcinogenic activity related to treatment with the test
material was observed during the study. The study was subject to peer review by
the National Toxicology Program Technical Reports Review Sub-Committee. The
relevance of this study to the current evaluation of oral exposure to polyvinyl
alcohol is very limited (National Toxicology Program, 1998).
2.2.4

Genotoxicity

Polyvinyl alcohol and preparations containing polyvinyl alcohol were not genotoxic in a range of studies in vitro and in vivo (see Table 2).
2.2.5

Reproductive toxicity
(a)

Multigeneration study of reproductive toxicity

In a two-generation study of reproductive toxicity, groups of 26 male and 26
female rats of both the P0 and F1 generations received polyvinyl alcohol in the diet
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Table 2. Studies of genotoxicity with polyvinyl alcohol
End-point

Test system

Test
material

Concentration

Results

Reference

S. typhimurium
TA1537, TA98
TA100

PVAc

10 000 mg/
plate

Negative

Shibuya et al.
(1985)d

Reverse
mutationa

S. typhimurium
TA97a TA98
TA100 TA102

Dental
adhesive
containing
PVA

500 mg/plate

Negative

Schweikl et al.
(1986)d

Reverse
mutationa

S. typhimurium
TA1535, TA1537,
TA98 TA100

PVA

5 000 mg/
plate

Negative

Huntingdon
Life Sciences
(2000b)

Reverse
mutationb

S. typhimurium
TA 1537

PVA

7 500 mg/
plate

Negative

Huntingdon
Life Sciences
(2000b)e

Reverse
mutationa

E. coli WPA uvrA/ PVA
pKM101

5 000 mg/
plate

Negative

Huntingdon
Life Sciences
(2000b)e

Chromosome
aberration

Chinese hamster
V79 cells

ST-Film
containing
PVAc

0.0075 mg/ml

Negative

Shibuya et al.
(1985)d

Cell mutationa

Mouse
lymphoma
L5178Ycells,
Tk +/- locus

PVA

5 000 mg/ml

Negative

Huntingdon
Life Sciences
(2000c)e

In vivo
Micronucleus
formation

Mouse bone
marrow

ST-Film
containing
PVAc

156 mg/kg

Negative

Shibuya et al.
(1985)d

Micronucleus
formation

Mouse bone
marrow

PVA

2 000 mg/kg

Negative

Huntingdon
Life Sciences
(2000d)e

In vitro
Reverse
mutationa

PVA, polyvinyl alcohol
ST film, the trade name for a film containing PVA that is used as a vaginal contraceptive
S9, 9000 ¥ g supernatant of rat liver homogenate
a
In the absence and presence of metabolic activation from S9 liver microsomal
preparations
b
In presence of metabolic activation from S9 liver microsomal preparations
c
Relative molecular mass and percentage hydrolysis unknown
d
Published studies. Original data not available for evaluation
e
Study conducted in accordance with USDA GLP regulations (Part 58 of 21 CFR), EEC
GLP regulation 99/11/EEC and OECD GLP principles

146

POLYVINYL ALCOHOL

at concentrations of 0, 2000, 3500 and 5000 mg/kg bw per day. Mating started in
the P0 generation at age 85 days and in the F1 generation at age 99 days. Animals
were treated from 70 days before mating, throughout the 14-day mating period,
until they were killed. Females were killed on day 14 of lactation. The P0 and
F1 males were killed after the P0 and F1 females.
F1 and F2 pups were given a macroscopic physical examination and body
weights were recorded on days 4, 7, 14 and 21. On day 21, F1 pups were randomly selected for reproductive assessment (one pup of each sex per litter).
A macroscopic postmortem examination was carried out on all parental
animals. The brain, liver and kidneys were collected from five males and five
females selected at random from each group. The right epididymes from 10 males
selected at random from each group for each generation were collected and
processed for assessment of sperm. Microscopic examination was carried out on
selected tissues and organs (reproductive tissues, liver, kidney and brain) from five
animals of each sex per group.
F1 and F2 pups underwent macroscopic postmortem examination and the brain
and thymus were taken from one pup of each sex per litter for determination of
organ-weight ratios. Testes and epididymides from one F2 male pup per litter from
each group, and ovaries with oviducts and uterus with vagina from one F2 female
pup per litter from each group were weighed.
No adverse macroscopic effects related to treatment with polyvinyl alcohol
were noted in the parental animals. Unformed stools and anogenital staining were
observed in males at 3500, 5000 and occasionally at 2000 mg/kg bw per day in
both the P0 and F1 parental animals. These effects were considered to be related
to the high content of unabsorbed test material in the diet rather than adverse toxicological effects and were consistent with the findings from a 90-day study undertaken by the same researchers. Statistically significant decreases in body-weight
gain were observed in males of the P0 generation at a dose of 2000 or 5000 mg/kg
bw per day, but not in males of the P0 generation at 3500 mg/kg bw per day, nor in
any of the females of the P0 or F1 generations. Except during lactation, food intake
was increased in both generations at 3500 and 5000 mg/kg bw per day. The
authors considered that this was consistent with maintenance of normal calorific
intake. No adverse effects on reproductive performance that were related to treatment with the test material were noted in males (as assessed by mating and fertility indices and sperm assessment) or females (as assessed by mating, fertility
and pregnancy indices and data on estrous cycling) of either the P0 or F1 generations. There were no treatment-related effects on litter parameters or macroscopic
and microscopic observations in either the F1 or F2 generations. This study was
certified as having been conducted in accordance with USDA GLP regulations
(Part 58 of 21 CFR), EEC GLP regulation 99/11/EEC and OECD GLP principles.
The NOEL for this study was 5000 mg/kg bw per day (Huntingdon Life Sciences,
2000e).
2.3

Observations in humans
No information on oral exposure in humans was available.
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3.

DIETARY INTAKE

Polyvinyl alcohol is intended to be used as a moisture-barrier coating in food
supplement tablets or in traditional food products, for example, dried fruits to be
included in breakfast cereals or nuts to be included in yoghurt.
The quantity of polyvinyl alcohol in the final product depends on the surface
area of the product to be coated rather than on its weight. Maximum estimates of
levels of use of polyvinyl alcohol were derived by selecting products within each
food category with the greatest proportion of moisture-sensitive components, estimating the surface area of those components and assuming that the entire surface
area would be coated. In this way, the manufacturer established a common denominator for use of polyvinyl alcohol of 2.3 mg/cm2 for all food products.
This additive is typically applied such that the overall weight of a product
increases by a maximum of 4%. In the dossier, the manufacturer assumes that
45% of this weight gain represents polyvinyl alcohol, and thus a maximum of 1.8%
of the weight of the final product comprises polyvinyl alcohol.
For this monograph, calculations of dietary intake have been performed on the
basis of quantities of polyvinyl alcohol added for each food category to be considered, as described in Table 3. The results will therefore be related to finished
food products.
3.1

Assessment based on the budget method

The budget method is used to estimate the theoretical maximum level of a food
additive in the proportion of the food and/or beverage supply likely to contain it
that would not result in exceedance of the acceptable daily intake (ADI) by the
population (Hansen, 1979).
Maximum level of use of polyvinyl alcohol: 1.5 g/100 g or 15 000 mg/kg, intended
to be used in a limited number of food categories. Solid food only: 15 000/160 =
93.75 mg/kg bw per day, corresponding to an intake of 5.6 g per day

3.2

Assessments based on household surveys

Calculations were made using data obtained from the French food safety
agency (Agence Française de Sécurité Sanitaire des Aliments, AFSSA) and using
household data (SECODIP, 1993). The mean individual self-production consump-

Table 3. Proposed use of polyvinyl alcohol in foods
Proposed food use

Use level (%)

Ready-to-eat breakfast cereals with dried fruit or nuts
Multi-component chocolate bars
Ice cream and frozen yogurt with inclusions
Nut and fruit mixtures

0.5
1.5
0.2
1.5
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Table 4. Estimated intake of polyvinyl alcohol based on household surveys in
France
Food category

Use
level
(g/100 g)

Food intakea
(g/day)
Mean

Breakfast cereals
Dairy-based
desserts
Fruit and nut mix
Confectionery
Sum of means
High consumer
a

Percentage
of
consumers

97.5th
percentile

Intake of polyvinyl
alcohol (g/person
per day)
Mean

97.5th
percentile

0.5
0.2

2.8
24.1

17.7
77.5

59.7
91.3

0.01
0.05

0.09
0.15

1.5
1.5
—
—

2.2
3.2
—
—

9
25.9
—
—

84.9
—
—
—

0.03
0.07
0.016
0.48

0.13
0.39
—
—

Total population

Table 5. Estimated mean daily intakes of polyvinyl
alcohol by the population of the United States
Population group

Mean intakea
(g/person per day)

90th percentilea
(g/person per day)

Infants
Children
Female teenager
Male teenager
Female adult
Male adult

0.101
0.178
0.243
0.329
0.210
0.275

0.216
0.371
0.475
0.641
0.424
0.549

a

Consumers only

tion computed from the INSEE food consumption survey in 1991 and the mean
individual eating-out consumption (Centre de Recherche pour l’Etude et l’Observation des Conditions de Vie, CREDOC) are added “by translation” to the home
consumption (Table 4). The total mean intake corresponds to the sum of the
average consumptions. The “high consumer” intake corresponds to the highest
intake of polyvinyl alcohol at the 97.5th percentile (confectionery) plus the average
intake for other categories.

3.3

Assessments based on model diets

The following results on the estimated daily intake of polyvinyl alcohol partially
hydrolysed from all proposed food categories in the United States by population
group were provided by the manufacturer and are based on data from the
1994–1996, 1998 United States Department of Agriculture (USDA) continuing
survey of food intakes by individuals (CSFII) (Table 5). The manufacturer’s calcu-
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Table 6. Mean intake of polyvinyl alcohol based on model diets in the United
States
Food category

Use level
(g/100 g)

Mean intake of food
(g/day)

Mean intake of
polyvinyl alcohol
(g/person per day)

Breakfast cereals
Dairy-based desserts
Mix of nuts and fruits
Confectionery
Sum of means

0.5
0.2
1.5
1.5
—

20
39.5
5.2
0.3
—

0.1
0.08
0.08
0.0045
0.26

Table 7. Estimating high levels of consumption of polyvinyl alcohol, in the
United Kingdom
Food category

Use level
(g/100 g)

High-level
consumptiona (g/day)

Polyvinyl alcohol
intake (g/person per day)

Breakfast cereals
Dairy-based desserts
Mix of nuts and fruits
Confectionery

0.5
0.2
1.5
1.5

130
125
54
64

0.65
0.25
0.81
0.96

a

High level rates of consumption, from UK MAFF (1998), for the European Commission
SCOOP report

lations are confirmed by the use of Market Research Corporation of America
(MRCA) mean frequency of eating and USDA data on mean portion size
(Table 6).
To try to assess high levels of consumption, the approach to the monitoring of
food additives used by the United Kingdom was employed (Rees & Tennant, 1994).
This approach consists of the use of high levels of consumption for broad food
categories based on the 97.5th percentile of consumption observed in national
dietary surveys in the United Kingdom (Table 7).

3.4

Assessments based on individual data

In addition, estimation of dietary intake was done using data on food consumption from Food Standards Australia New Zealand (FSANZ). These results are
based on consumption by consumers only and assume that the additive is used
at its maximum level for all food products in each food category considered
(Table 8).
The total consumptions are based on the sum of the category representing the
highest intake of polyvinyl alcohol for consumers only, plus the average intake for
all respondents for the other food categories.

3.9
10.3

1.5

1.5

Total
consumption

2.5
4.5
4.6
8.2

0.5

0.2

1.5

1.5

43

52.9

175.3

35.1

39.9

39.9

162.9

130

151

502

87.5

120

100

346.8

115

95th percentile

0.12

0.07

0.009

0.01

0.15

0.06

0.01

0.025

Mean intake
of polyvinyl
alcohol: all
respondents
(g/person
per day)

0.6

0.6

0.33

0.23

Mean

0.9

0.64

0.79

0.35

2.4

1.95

2.26

1

0.44

1.9

1.8

1.5

0.69

0.57

95th percentile

Polyvinyl alcohol
intake: consumers
only (g/person per day)

0.17

Breakfast
cereals
Dairy-based
desserts
Mix of nuts
and fruits
Confectionery

5.2

0.2

46.3

Mean

Food intake: consumers
only (g/day)

New Zealand

5

0.5

Mean food
intake: all
respondents
(g/day)

0.7

Breakfast
cereals
Dairy-based
desserts
Mix of nuts
and fruits
Confectionery

Australia

Use
level
(g/100 g)

Total
consumption

Food
category

Country

Table 8. Estimated dietary intake of polyvinyl alcohol based on individual data in Australia and New Zealand
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These calculations overestimate exposure to polyvinyl alcohol by considering
that, for the food categories considered, all the food ingested contains the additive. Nevertheless, all the results appear to be consistent with a mean consumption of around 0.5 g/person per day. For high-level consumers, it is not possible to
exclude some intakes of >1 g/person per day.
It should be noted that the previous calculations do not include the potential
intake of polyvinyl alcohol from food supplements. Assuming a daily ingestion of
10 tablets each weighing 1 g, corresponding to 10 g of food supplement, the additional intake of polyvinyl alcohol would be 180 mg/day.

4.

COMMENTS

The Committee examined a large database of studies of the toxicity of polyvinyl
alcohol after administration by various routes to a number of species. Much of the
information was found to be dated, not relevant to oral administration, or from
studies that were not conducted in compliance with GLP or that were conducted
with material that did not comply with the specification for polyvinyl alcohol as
prepared at the current meeting. Nonetheless, the Committee was able to
conclude that polyvinyl alcohol was very poorly absorbed after oral administration,
that the acute oral toxicity was generally very low and that, taken as a whole,
the results were consistent with very low toxicity and showed no evidence for
carcinogenicity.
The Committee also considered a number of recent studies, which had been
performed with preparations of polyvinyl alcohol complying with the food additive
specification, and which met appropriate standards for GLP. A 90-day study of toxicity in rats treated orally revealed no toxicity with polyvinyl alcohol at doses of up
to 5000 mg/kg bw per day. No significant differences in body weight, neurobehaviour, haematology, blood coagulation, clinical chemistry, urine analysis, organ
weight or macroscopic pathology were observed. Microscopic examination of an
extensive range of organs and tissues, including the gastrointestinal tract, from the
control group and the groups given high doses showed no evidence for treatmentrelated pathology. This was the only short-term study provided, in any species, that
was considered to be directly relevant to the safety evaluation of oral exposure to
polyvinyl alcohol.
No toxicity was observed in a two-generation study of reproduction in rats in
which the parental, first and second generations received a maximum dose of
polyvinyl alcohol of 5000 mg/kg bw per day.
In both the 90-day and the two-generation studies, the most notable observations were loose or unformed stools in the groups given higher doses of polyvinyl
alcohol, this being attributed to the high intestinal concentration of unabsorbed test
material and increased food consumption in these groups. The Committee considered that these observations did not represent adverse effects.
There was no evidence for genotoxicity in a battery of tests undertaken with
preparations of polyvinyl alcohol complying with the food additive specification.
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The Committee also noted a report that more polyvinyl alcohol was absorbed
after intravaginal than oral administration, and reviewed a study involving
the intravaginal administration of polyvinyl alcohol to mice, 5 days per week for
104–105 weeks, that provided no evidence for local or systemic carcinogenic
activity.

5.

EVALUATION

The Committee identified a NOEL of 5000 mg/kg bw per day for polyvinyl
alcohol on the basis of the maximum dose tested from both the 90-day and the
two-generation studies in rats. The Committee noted the lack of reports of any
apparent toxic or carcinogenic effects in studies concerning polyvinyl alcohol as a
whole, the very poor absorption of preparations of polyvinyl alcohol complying with
the specification after oral administration and the absence of any effects on the
gastrointestinal tract in the 90-day study in rats. Despite the absence of long-term
studies or studies in a second species, the Committee considered the data adequate for the establishment of an ADI. The Committee therefore established an
ADI for polyvinyl alcohol of 50 mg/kg bw per day, on the basis of the NOEL of 5000
mg/kg bw per day from the 90-day and two-generation studies in rats, with a safety
factor of 100.
The intake estimate based on use levels provided by the sponsor and national
food consumption data (from the USA) shows a mean ingestion of around 0.5 g
per day, equivalent to 8.3 mg/kg bw per day for a 60 kg adult. Extreme intakes
based on Australian and New Zealand consumption data during one day were
shown to reach 2–2.5 g per day at the 97.5th percentile, corresponding to 33 and
42 mg/kg bw per day respectively.
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EXPLANATION

D-Tagatose is a ketohexose, an epimer of D-fructose inverted at C-4. It is
obtained from D-galactose by isomerization under alkaline conditions in the presence of calcium. Its properties permit its use as a bulk sweetener, humectant, texturizer and stabilizer.
D-Tagatose was evaluated by the Committee at its fifty-fifth and fifty-seventh
meetings (Annex 1, references 149 and 154). At its fifty-fifth meeting, the Committee concluded that D-tagatose was not genotoxic, embryotoxic or teratogenic.
It also concluded that an ADI could not be allocated for D-tagatose because of
concern about its potential to induce glycogen deposition and hypertrophy in the
liver and to increase the concentrations of uric acid in serum. At its fifty-seventh
meeting, the Committee evaluated the results of four studies in experimental
animals, the results of a study in volunteers and some publications concerning
the increased uric acid concentrations in serum after intake of D-tagatose, other
sugars, and other food components.

The Committee decided to base its evaluation on the human data reviewed in
the course of the two meetings. A NOEL of 0.75 g/kg bw per day was identified
from a 28-day study in which no effects were observed in humans receiving three
doses of 15 g of D-tagatose per day. An ADI of 0–80 mg/kg bw for D-tagatose was
established on the basis of this NOEL and a safety factor of 10.
At its present meeting, the Committee reviewed the results of two new studies
of toxicity in rats, and of two new studies of plasma concentrations of uric acid in
human volunteers.
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2.

BIOLOGICAL DATA

2.1

Toxicological studies

2.1.1

Short-term study of toxicity

A study was conducted to compare the effect of D-tagatose on liver weights in
six different strains of rat (Lewis, Fischer, Brown Norway, Lister Hooded, SpragueDawley and Wistar). Groups of 15 male rats of each strain were fed ad libitum for
28 days with diets modified by replacing 20% barley with either 20% D-tagatose
or 20% pregelatinized potato starch (control group). These concentrations were
equal to an average dose of D-tagatose of 11–13 g/kg bw per day. Body weights,
food consumption and food conversion efficiency were recorded twice weekly
throughout the study. Ten animals from each group were fasted overnight before
necropsy. At necropsy, the livers were weighed, but no samples were taken for
histological analysis. Consumption of D-tagatose resulted in significantly increased
relative liver weights in fasted rats of all strains (6–20% increase compared with
the control group), and of the non-fasted rats of all strains except Wistar (8–25%
increase compared with the control group). There was no statistical analysis of the
effects of fasting, but percentage increases in fasted and unfasted animals
appeared to be similar. The authors assumed that increased liver weight was a
result of the accumulation of glycogen, but data on glycogen content were not presented. The study was conducted essentially in accordance with the principles of
good laboratory practice (GLP), but was not subject to quality assurance (QA) audit
(Appel, 2002).
2.1.2

Long-term study of toxicity and carcinogenicity

A modified study of carcinogenicity was conducted to investigate the long-term
effects of D-tagatose on the liver of Wistar rats. Diets were modified by replacing
20% barley with test substance and/or pregelatinized potato starch to produce concentrations of 2.5%, 5%, or 10% D-tagatose, 20% fructose or 10% D-tagatose plus
10% fructose. The control diet contained 20% pregelatinized potato starch. Groups
of 50 male and 50 female rats were fed ad libitum with these diets for 24 months.
The average doses to male rats were: D-tagatose, 1.0, 2.0 and 4.0 g/kg bw per day;
fructose, 7.6 g/kg bw per day; and D-tagatose plus fructose, each at a dose of
4.0 g/kg bw per day. The average doses to female rats were: D-tagatose, 1.2, 2.5
and 4.9 g/kg bw per day; fructose, 9.6 g/kg bw per day; and D-tagatose plus fructose, 5.0 g and 4.9 g/kg bw per day, respectively. Animals were observed daily, body
weights and food consumption were recorded weekly for the first 13 weeks and
monthly thereafter. Ophthalmoscopic examinations were performed at 12 and 24
months. Blood was collected from the orbital sinuses for determination of haematology and clinical chemistry parameters at 6 months and 12 months, and from the
abdominal aorta at final necropsy. All animals were fasted overnight before
necropsy, which included macroscopic examination and weighing of the adrenals,
liver, kidneys, testes and caecum. Livers were sectioned, stained with haematoxylin and eosin and subjected to histopathological examination.
About 70% of the animals survived to scheduled necropsy, and the rate of mortality was not affected by treatment. Mean body weights were decreased in males
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and females fed 10% D-tagatose, with or without 10% fructose, throughout the
study and in males and females fed 5% D-tagatose for most of the study. Mean
body weights of treated animals were generally ≥90% of those of the control group;
less difference in terminal body weights was recorded after overnight fasting. Food
intake was slightly decreased during the first 4 weeks of the study, after which it
did not differ significantly from that of the control group. Food conversion efficiency
was not affected by treatment. Haemoglobin concentration and erythrocyte volume
fraction were decreased in females fed 10% D-tagatose, with or without 10% fructose. In females, absolute and relative adrenal weights were increased at all doses
of D-tagatose, but not in animals receiving fructose only. The effect was not clearly
dose-related, with increases in relative adrenal weights of 28%, 72%, 39% and
33% in rats fed diets containing 2.5%, 5%, 10% D-tagatose, and 10% D-tagatose
plus 10% fructose, respectively. In general, changes in organ weights are considered to be possibly of toxicological relevance if >10%, even if a dose–response
relationship is not evident. In addition, absolute and relative kidney weights were
increased in animals receiving 10% D-tagatose with or without fructose, and in
animals receiving 10% fructose. Relative kidney weights were also increased in
rats fed diets containing 5% D-tagatose. There were also increases in relative (and
in most instances, absolute) liver weights and full and empty caecal weights in rats
fed diets containing 10% D-tagatose, with or without fructose. In males, relative,
but not absolute, adrenal weights were increased in rats receiving 5 and 10% Dtagatose, with or without 10% fructose. Relative and absolute full and empty caecal
weights were increased in rats fed 5 and 10% D-tagatose. Relative, but not
absolute, testes weights were increased in rats receiving 10% D-tagatose, with or
without 10% fructose and relative, but not absolute, liver weights were increased
in rats fed a combination of 10% D-tagatose and 10% fructose. Organ weights
were not increased in male rats receiving fructose only. Macroscopic examination
revealed a relatively high incidence of enlargement of the adrenals in some treatment groups, which was generally consistent with the increased adrenal weights.
The number of females with uterine nodules appeared to be higher in the group
receiving 10% D-tagatose plus 10% fructose. There were no histopathological
changes related to treatment with D-tagatose and the incidence of liver tumours in
all groups was low. Adrenals were not examined histologically. The authors concluded that administration of D-tagatose at up to 10% in the diet (equal to approximately 4 and 5 g/kg bw per day for males and females respectively) did not have
any adverse long-term effects on the liver of Wistar rats. A QA statement was
included (Lina et al., 2002).
2.2

Observations in humans

Six healthy male volunteers (aged 22–24 years) were given a light breakfast
consisting of unsweetened herbal tea, bread and marmalade containing 30 g Dtagatose. Blood samples were taken over a period of 4 h, a 24-h urine sample was
collected and the subjects were asked if they experienced any side-effects. There
was no control group of volunteers receiving the same meal without D-tagatose.
Plasma glucose and uric acid concentrations increased after the meal, and plasma
phosphate concentrations decreased slightly. All concentrations were cited to be
within the normal range. Urinary excretion of uric acid was also within the normal
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range. Gastrointestinal side-effects were not reported during the study or the
24-h post-treatment observation period (Diamantis & Bär, 2001).
In a follow-up study, 12 hyperuricaemic male volunteers (aged 57–64 years)
were given a light breakfast consisting of unsweetened herbal tea, bread and
marmalade containing 15 g D-tagatose. Blood samples were taken over a period
of 4 h, urine was collected for 4 h and a further 24 h. The men were asked if they
experienced any side-effects and a clinical examination was performed. There
was no control group of volunteers receiving the same meal without D-tagatose.
Plasma concentrations of glucose and uric acid increased after the meal, the
maximum increase in uric acid being about 2.5% of the baseline value obtained
before the meal was consumed. The plasma concentration of phosphate was significantly increased after 4 h, but not at other sampling times. Plasma concentration of lactate did not vary. Urinary concentrations of uric acid were reported to be
above the normal range for the institution for 3/12 men, but excretion of uric
acid, normalized to creatinine excretion, did not vary between the post-prandial
4-h period and the subsequent 24-h period. Gastrointestinal side-effects were
not reported during the study or the 24-h post-treatment observation period
(Diamantis & Bär, 2002).

3.

COMMENTS

Studies of D-tagatose administered to rats in the diet, reviewed previously
by the Committee, focused on the hepatic effects of D-tagatose, in particular,
increased liver weight and hypertrophy. These studies indicated that these effects
were caused, at least in part, by glycogen accumulation, and that Sprague-Dawley
rats were more sensitive to these effects than Wistar rats. The new 28-day study
investigating the effects of 20% D-tagatose in the diet has shown that, of six rat
strains, the largest increase in liver weight occurred in Sprague-Dawley rats,
and the smallest increase occurred in Wistar rats, confirming the previous observation of strain differences. The role of glycogen, however, was not specifically
investigated.
In a 2-year study in Wistar rats, the administration of diets containing 2.5, 5 or
10% D-tagatose, 20% fructose, or 10% D-tagatose plus 10% fructose did not result
in histological changes in the liver, although increased liver weights were reported
in male and female rats fed 10% D-tagatose. Increased absolute and relative
adrenal weights were observed in female rats at all doses of D-tagatose, but not
in those receiving fructose alone. Increased adrenal weights were also reported in
male rats fed with 5% and 10% D-tagatose. The weights of the kidneys in females,
the testes in males, and the caecum in each sex were also increased in animals
fed 10% D-tagatose, and in some cases, 5% D-tagatose. In the absence of
histopathological confirmation of the nature of the changes induced by D-tagatose
in the adrenals, kidneys and testes, it is not possible to assess their toxicological
significance to humans.
Two new studies in humans have shown that a single dose of 30 g D-tagatose
to small numbers of healthy volunteers, or 15 g D-tagatose to hyperuricaemic individuals, had no biologically significant effect on uric acid production or excretion,
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and no recorded gastrointestinal effects. At its forty-eighth meeting, the Committee noted that D-fructose increases uric acid production by accelerating the degradation of purine nucleotides, probably by hepatocellular depletion of inorganic
phosphate resulting from accumulation of ketohexose-1-phosphate. The degradation of D-tagatose-1-phosphate is slower than that of D-fructose-1-phosphate, and
therefore the hyperuricaemic effect of D-tagatose may be greater than that of Dfructose; hyperuricaemic individuals are therefore potentially vulnerable to the
adverse effects of D-tagatose. The new study demonstrated no increase in serum
concentrations of uric acid within 4 h of consumption of 15 g of D-tagatose by this
vulnerable group. In studies reviewed previously by the Committee, the maximum
increases in serum uric acid and D-tagatose and the maximum decrease in serum
ATP were seen within 1 h of ingesting D-tagatose. It is therefore anticipated that
no effect would be observed in hyperuricaemic individuals after repeated consumption of 15 g of D-tagatose at subsequent meals.

4.

EVALUATION

The Committee concluded that the results of the 2-year study in rats established that the previously-reported liver glycogen deposition and hypertrophy
observed after long-term administration of D-tagatose did not result in histopathological changes, and thus addressed concerns expressed at the fifty-fifth meeting.
This study, however, also identified new effects, namely increased adrenal, kidney
and testes weights. The Committee considered that these changes might have
been caused by high osmotic load resulting from the high dietary doses administered, but this could not be confirmed in the absence of histopathological examination of these tissues. Pending provision of the histopathology data, the
Committee confirmed that the human data provided the most relevant basis for
assessing the acceptable intake of D-tagatose.
At its fifty-seventh meeting, the Committee identified a NOEL for healthy individuals of 45 g of D-tagatose per day in three divided doses. The study on hyperuricaemic individuals discussed at the current meeting indicated that the NOEL is
also applicable to this vulnerable group. The Committee considered that a safety
factor of 3 would be appropriate to allow for interindividual variation. In view of the
additional uncertainty regarding the nature of the effects observed in the adrenals,
kidneys and testes in the 2-year study in rats, the Committee concluded that the
ADI should be temporary and applied an additional safety factor of 2. The previous ADI was thus removed, and on the basis of the NOEL of 0.75 g/kg bw per day,
and a safety factor of 6, the Committee allocated a temporary ADI for D-tagatose
of 0–125 mg/kg bw.
The temporary ADI does not apply to individuals with hereditary fructose intolerance caused by deficiency in 1-phosphofructoaldolase (aldolase B) or fructose
1,6-diphosphatase. The Committee requested information on the histological
examination of the adrenals, kidneys and testes of the rats from the 2-year study,
by 2006.
The intake assessment prepared by the Committee at its fifty-seventh meeting
is still valid.
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EXPLANATION

The enzyme preparation under evaluation contains the enzyme xylanase,
which has not been evaluated previously by the Committee. Xylanase is produced
by submerged fermentation of a strain of Fusarium venenatum that is nonpathogenic and non-toxigenic (under conditions consistent with good manufacturing practice), and which has been genetically modifed to carry a gene encoding a
xylanase from Thermomyces lanuginosus, inserted by recombinant DNA techniques. The enzyme is subsequently partially purified and concentrated, resulting
in a liquid enzyme concentrate (LEC). In the final preparation, this LEC is stabilized, standardized and formulated with sodium chloride, dextrin, sorbitol, and
wheat solids.
The enzyme produced is an endo-xylanase, which hydrolyses xylosidic linkages in the arabinoxylans into smaller oligosaccharides. The enzyme preparation
is used in baking applications to increase the elasticity of the gluten network,
improving handling and stability of the dough. The enzyme is denatured and inactivated during bread baking.
The activity of the petitioned xylanase enzyme preparation, called “Novozym
899”, is expressed in fungal xylanase units (wheat), FXU(W), and is measured
using a colorimetric method. Novozym 899 has a typical activity of 2500 FXU(W)/g,
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and has the following composition: total organic solids (TOS), approximately 4%;
wheat solids, approximately 77%; ash (mainly sodium chloride), approximately 4%;
dextrin, approximately 4%; sorbitol, approximately 1%; water, approximately 10%.
Novozym 899 is used as a processing aid in the baking industry to improve
dough stability and crumb structure, resulting in a more uniform and softer crumb
and increased volume of the bread. It can be used for all types of bread as an
alternative for, or in combination with, emulsifiers. The enzyme preparation is
added to the flour or to the liquid and is active during the preparation of the dough
and the leavening of the unbaked bread. The recommended dosage is 2–16 g of
the enzyme preparation per 100 kg flour, corresponding to 50–400 FXU(W)/kg
flour.
Toxicological studies have been performed with an LEC (batch PPQ 6125)
omitting formulation, stabilization and standardization. The characteristics of test
batch PPQ 6125 were as follows: enzyme activity, 8590 FXU(W)/g; TOS, 10.8%
w/w; water, 88.7% w/w; ash, 0.5% w/w; density, 1.041 g/ml (Pedersen & Broadmeadow, 2000; Hvass, 2002).
1.1

Construction of production strain

The production strain LyMC4.B was developed from the F. venenatum host
strain MLY3. The MLY3 strain is a spontaneous mutant of the CC1-3 strain that,
in turn, is a spontaneous mutant of the F. venenatum strain used in the production of mycoprotein marketed for human consumption since 1985 under the trade
name “Quorn.” The MLY3 strain was transfected with the expression plasmid
pjRoy36 containing the xylanase gene from T. lanuginosus and the bar gene from
Streptomyces hygroscopicus. The bar gene confers resistance to the herbicide
phosphinothricin and serves as a selectable marker. A single transformed
colony producing xylanase was selected. The selected strain was designated as
JRoy36-19.B.
The JRoy36-19.B strain was subsequently transfected with DNA containing the
amdS gene from Aspergillus nidulans. The amdS gene was flanked by specific
sequences of the F. venenatum tri5 gene and replaced the tri5 gene in the JRoy3619.B strain. One of the transformants was designated as LyMC4.B and was used
as a xylanase production strain.
1.2

Biochemical characterization

Deletion of the tri5 gene served to inactivate the biochemical pathway by which
mycotoxins (trichothecenes) are synthesized. To confirm that the tri5 gene had
been deleted, the transformed strain was evaluated for production of diacetoxyscirpenol (DAS), the major trichothecene produced by non-engineered strains
of F. venenatum: no DAS was detected. F. venenatum is capable of producing
other secondary metabolites, such as culmorins, enniatins and fusarins. Analyses
performed on conventional F. venenatum under conditions known to be optimal for
production of these secondary metabolites revealed them to be present only at
very low concentrations. As it is very unlikely that the production strain LyMC4.B
produces these secondary metabolites to the same extent under industrial fer-
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mentation conditions, the concentrations of these secondary metabolites, if
present, are considered to be of no toxicological relevance.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

The xylanase was assessed for potential allergenicity by amino acid sequence
comparison with known allergens listed in publicly available protein databases. No
immunologically significant sequence homology was detected.
2.2

Toxicological studies

2.2.1

Acute toxicity

No information was available.
2.2.2

Short-term studies of toxicity
Rats

Groups of 10 male and 10 female CD rats (aged 36–40 days) received water
containing xylanase (batch PPQ 6125) at a dose of 0, 1, 3.3, or 10 ml/kg bw per
day (equivalent to 0, 8942, 29 509, and 89 422 FXU(W)/kg bw per day and 0, 0.11,
0.37, and 1.1 g/kg bw per day of TOS) by oral gavage for 13 weeks. The study was
performed according to OECD test guideline 408 (1998), and was certified for compliance with good laboratory practice (GLP) and quality assurance. Animals and
cage-trays were inspected at least twice per day for reactions to treatment or ill
health. All animals were observed individually before and after dosing daily during
week 1 of treatment, twice per week during weeks 2–4, and once per week during
weeks 5–13. In addition, all animals underwent a detailed physical examination,
including palpation, each week. Body weight and food consumption were recorded
weekly. Food conversion efficiency was calculated. Food and water were freely
available. Functional observation battery tests were performed on all animals
(hand and standard arena observations: before treatment and weekly during treatment; reflexes and motor activity: before treatment and during week 13). Ophthalmoscopy was carried out before treatment on all animals and in week 12 on
animals in the control group and the group receiving the highest dose. During week
13, haematology and clinical chemistry were performed for all animals. Absolute
weights of nine organs were determined and adjusted for body weight. All animals
were examined macroscopically. Microscopy was carried out on about 35 organs
and tissues of all animals in the control group and in the group receiving the highest
dose, and on all macrospically abnormal tissues.
No effects on survival or behaviour were seen. Ophthalmoscopy was normal.
Functional observation battery tests did not reveal any abnormalities. The slightly
increased body-weight gain and food consumption of all treated females did not
show any dose–response relationship. As male rats were also not affected, these
changes were considered to be not biologically relevant. Haematology and
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clinical chemistry did not reveal any abnormalities, organ weights were normal and
macroscopy and microscopy did not reveal any effects related to treatment. The
Committee concluded that in this 13-week study in rats treated orally, the NOEL
for xylanase (batch PPQ 6125) was the highest dose, 10 ml/kg bw per day (equivalent to 89 422 FXU(W)/kg bw per day and 1.1 g of TOS/kg bw per day) (Baguley,
1999; Pedersen & Broadmeadow, 2000).
2.2.3

Long-term studies of toxicity and carcinogenicity

No information was available.
2.2.4

Genotoxicity

The results of two studies of genotoxicity in vitro with xylanase (batch PPQ
6125) are summarized in Table 1. Both studies followed OECD test guidelines,
471 (1997) and 473 (1997), respectively, and were certified for compliance with
GLP and quality assurance.

Table 1. Results of studies of the genotoxicity of xylanase (batch PPQ 6125)
End-point
In vitro
Reverse
mutation

Chromosomal
aberration

a

Test object

Concentration

Results

References

S. typhimurium
TA98, TA100,
TA1535, TA1537
and E. coli
WP2uvrA

156–5000 mg/ml for
Salmonella strains
and 156–5000 mg/
plate for E. coli.
Solvent: sterile water

Negativea

Pedersen (1999);
Pedersen &
Broadmeadow
(2000)

Human
lymphocytes

2450, 3500, and
5000 mg/ml - S9; 1201,
2450, 3500, and
5000 mg/ml + S9.
Solvent: sterile water

Negativeb

Burman (1999);
Pedersen &
Broadmeadow
(2000)

In the presence and absence of metabolic activation from S9; no cytotoxicity was seen.
Owing to the presence of free amino acids (e.g. histidine and tryptophan) in the
xylanase preparation, the growth of Salmonella strains requiring histidine was
significantly increased after direct-plate incorporation. Therefore, the Salmonella strains
were exposed to the a-amylase preparation in a phosphate-buffered nutrient broth in
liquid culture (“treat-and-plate assay”) at six concentrations (highest dose, 5 mg/ml) for 3
h. After incubation, the test substance was removed by centrifugation before plating.
Stimulation of growth of E. coli strains requiring tryptophan was only weak and
insignificant
b
In the presence and absence of metabolic activation from S9. In the first experiment,
cells were treated for 3 h in the absence and presence of S9 and were harvested 17 h
later. Little or no mitotic inhibition (0–6%) was seen. In the second experiment, cells
were exposed continuously for 20 h in the absence of S9 and then harvested (mitotic
inhibition, 29% at 5000 mg/ml), or treated for 3 h in the presence of S9 and harvested 17
h later (mitotic inhibition, 28% at 5000 mg/ml)
S9, 9000 ¥ g supernatant of rat liver homogenate
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Reproductive toxicity

No information was available.
2.3

Observations in humans
No information was available.

3.

DIETARY INTAKE

Xylanase enzyme preparations are used in the baking industry to increase the
elasticity of the gluten network, in order to improve handling and stability of the
dough (Association of Manufacturers and Formulators of Enzyme Products, 2003).
In Australia and New Zealand, xylanase enzyme preparations have been
approved, as have preparations of other carbohydrate-modifying enzymes, for use
in beer, spirits, glucose syrups, bread, sugar, enzyme-modified starches and fruit
juices (Food Standards Australia New Zealand, 2003). A “generally recognized as
safe” (GRAS) notice was received for this specific enzyme preparation in 2000
(Food & Drug Administration, 2003). A complete and comprehensive list of
enzymes and their uses in food manufacturing in the European Union was not
available, but an inventory of enzyme use in nine Member States was compiled
for scientific cooperation (SCOOP) Task 7.4 (European Commission, 2000). It was
reported that a number of xylanase enzyme preparations were in use, mainly for
treatment of flour and for bakery goods, but not the specific enzyme preparation
under review.
Recommended dosage and TOS content of the enzyme preparation were provided by the sponsor (Hvass, 2002).
A “worst-case” scenario was estimated on the basis of the following
assumptions:

• All baking products are produced with the xylanase enzyme preparation as a
processing aid, at the maximum recommended dosage (16 g per 100 kg flour)
and using a standard recipe by which 100 kg flour will produce 140 kg bread;

• The xylanase enzyme preparation from the fermentation (mainly protein and
carbohydrate components) contains 4% TOS, and all TOS remain in the baking
product.
According to the budget method, the upper physiological intake of food is 50
g/kg bw per day (Hansen, 1979). If xylanase is used only in the baking industry, a
“worst-case” scenario is that of ingestion of baking products at 25 g/kg bw per day,
leading to an intake of TOS of 0.115 mg/kg bw per day (16 ¥ 4% ¥ 0.025 ¥ 100 /
140), i.e. 6.9 mg of TOS per day for a 60-kg person. When compared with the
NOEL of 1.1 g of TOS/kg bw per day in the 13-week study of oral toxicity, the margin
of safety is nearly 10 000.
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COMMENTS

Toxicological studies were conducted on the LEC. The materials added to the
LEC for stabilization, formulation and standardization have either been evaluated
previously by the Committee or are common food constituents and do not raise
safety concerns.
In a 13-week study in rats, no significant treatment-related effects were seen
when the LEC was administered at doses of up to and including 10 ml/kg bw per
day by oral gavage. Therefore this highest dose tested (equivalent to 1.1 mg of
TOS/kg bw per day) was the NOEL. The LEC was not active in an assay for mutagenicity in bacteria in vitro nor in an assay for chromosomal aberrations in mammalian cells in vitro.
A conservative estimate of daily intake resulting from the use of xylanase in
bakery goods is 6.9 mg of TOS/day (equivalent to 0.12 mg/kg bw per day). Compared with the NOEL of 1.1 g of TOS/kg bw per day in the 13-week study of oral
toxicity, the margin of safety is nearly 10 000.

5.

EVALUATION

The Committee allocated an ADI “not specified” to xylanase from this recombinant strain of F. venenatum, used in the applications specified and in accordance
with good manufacturing practice.
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SAFETY EVALUATIONS OF GROUPS OF RELATED
FLAVOURING AGENTS

SAFETY EVALUATIONS OF GROUPS OF RELATED
FLAVOURING AGENTS
INTRODUCTION
Four groups of flavouring agents and additional compounds for two previously
published groups were evaluated using the Procedure for the Safety Evaluation of
Flavouring Agents as outlined in Figure 1 (Annex 1, references 116, 122, 131, 137,
143, 149, 154 and 160). In applying the Procedure, the chemical is first assigned
to a structural class as identified by the Committee at its forty-sixth meeting (Annex
1, reference 122). The structural classes are as follows:

• Class I. Flavouring agents that have simple chemical structures and efficient
modes of metabolism, which would suggest a low order of toxicity by the oral
route.

• Class II. Flavouring agents that have structural features that are less innocuous than those of substances in Class I but are not suggestive of toxicity. Substances in this class may contain reactive functional groups.

• Class III. Flavouring agents that have structural features that permit no strong
initial presumption of safety, or may even suggest significant toxicity.
A key element of the Procedure involves determining whether a flavouring
agent and the product(s) of its metabolism are innocuous and/or endogenous substances. For the purpose of the evaluations, the Committee used the following definitions, adapted from the report of its forty-sixth meeting:
Innocuous metabolic products are defined as products that are known or readily
predicted to be harmless to humans at the estimated intake of the flavouring agent.
Endogenous substances are intermediary metabolites normally present in
human tissues and fluids, whether free or conjugated; hormones and other substances with biochemical or physiological regulatory functions are not included.
The estimated intake of a flavouring agent that is, or is metabolized to, an endogenous substance should be judged not to give rise to perturbations outside the physiological range.

INTAKE
Estimates of the intake of flavouring agents by populations typically involve the
acquisition of data on the amounts used in food. These data were derived from
surveys in Europe and the USA. In Europe, a survey was conducted in 1995 by
the International Organization of the Flavour Industry, in which flavour manufacturers reported the total amount of each flavouring agent incorporated into food
sold in the European Union during the previous year. Manufacturers were
requested to exclude use of flavouring agents in pharmaceutical, tobacco or cosmetic products.
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Substance would not
be expected to be of
safety concern

Substance would not
be expected to be of
safety concern

No

Yes

No

B

Yes

B5. Do the conditions of use result in an
intake greater than 1.5 mg/day?

No

B4. Does a NOEL exist for the substance which
provides an adequate margin of safety under
conditions of intended use, or does a NOEL
exist for structurally related substances which
is high enough to accommodate any perceived
difference in toxicity between the substance
and the related substance?

No

B3. Do the conditions of use result in an
intake greater than the threshold of
concern for the structural class?

No

Additional data required

A5. Does a NOEL exist for the substance
which provides an adequate margin of
safety under conditions of intended use,
or does a NOEL exist for structurally
related substances which is high enough
to accommodate any perceived difference
in toxicity between the substance and the
related substances?

No

A4. Is the substance or are its
metabolites endogenous?

Yes

A3. Do the conditions of use result in an
intake greater than the threshold of
concern for the structural class?

A

2. Can the substance be predicted to be metabolized to innocuous products?

1. Determine structural class

Figure 1. Procedure for the safety evaluation of flavouring agents

Substance would not
be expected to be of
safety concern

Yes

Data must be available on
the substance or a closely
related substance in order
to perform a safety
evaluation

Yes
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In the USA, a series of surveys was conducted between 1970 and 1987 by the
National Academy of Sciences National Research Council (under contract to the
Food & Drug Administration) in which information was obtained from ingredient
manufacturers and food processors on the amount of each substance destined for
addition to the food supply and on the usual and maximal levels at which each
substance was added in a number of broad food categories.
In using the data from these surveys to estimate intakes of flavouring agents,
it was assumed that only 60% of the total amount used is reported in Europe and
80% of the amount used is reported in the USA and that the total amount used in
food is consumed by only 10% of the population.

annual volume of production (kg) ¥ 109 (mg kg)
Intake
(mg per person per day) = population of consumers ¥ 0.6 (or 0.8) ¥ 365 days
The population of consumers was assumed to be 32 ¥ 106 in Europe and
26 ¥ 106 in the USA.
Several of the flavouring agents that were evaluated at the present meeting
were not included in the above surveys or were placed on the market after the
surveys were conducted. Intakes of these flavouring agents were estimated on the
basis of anticipated use by the manufacturer in the USA, and the standard formula
was applied.
At its present meeting, the Committee also considered the evaluation of natural
flavouring complexes and decided to apply, and expand if necessary, the decisiontree approach developed for individual flavouring substances (see The safety evaluation of natural flavouring complexes, p 435). The Committee also decided to test
this approach on a few selected compounds at its next meeting.
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The Committee evaluated a group of 16 flavouring agents (see Table 1) by the
Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1, Introduction). This group included:
—Four aliphatic lactones (Nos 1157–1160) that form open-chain acyclic hydroxycarboxylic acids upon hydrolysis1;
1

A group of 35 aliphatic lactones of similar structure was evaluated by the Committee at
its forty-ninth meeting (Annex 1, reference 132).
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—Six g- or d-lactones fused to an alicyclic ring (cyclohexyl or decalin ring
systems) (Nos 1161–1166); and
—Six g- or d-lactones fused to a benzene ring (Nos 1167–1172).
The Committee had previously evaluated one member of the group, dihydrocoumarin (No. 1171), at its thirty-fifth meeting (Annex 1, reference 88), but no ADI
was established. The Committee noted that metabolites of dihydrocoumarin have
been identified in rabbit urine (Furuya, 1958). The toxicological data considered
were derived from studies of acute toxicity in mice, rats, and guinea pigs, a 14week study in rats in which the dosage was uncertain owing to loss of the test
substance during storage (Hagan et al., 1967), a 90-day study in rats treated with
a single dose (Trubek, 1958), and a study in which three dogs were treated with
one of two doses for 2 years (without a control group) (Hagan et al., 1967). No
adverse effects were reported, but the Committee considered these data to be
inadequate. At the thirty-fifth meeting, the Committee stated that the results of a
short-term study in a rodent species and metabolic studies to determine the extent
of conversion of dihydrocoumarin to coumarin would be needed before dihydrocoumarin could be re-evaluated.
Eight of the 16 flavouring agents in this group (Nos 1157, 1162–1164,
1168–1171) have been reported to occur naturally in foods and have been detected
in rose-apple, celery stalks, soya bean, black and green tea, boiled beef and
peppermint oil (Maarse et al., 1999).
1.2

Estimated daily intake

The total annual volume of production of the 16 flavouring agents in this group
is approximately 12 200 kg in Europe (International Organization of the Flavour
Industry, 1995) and 10 000 kg in the USA (National Academy of Sciences, 1982;
Lucas et al., 1999). More than 80% of the total annual volume of production in
Europe and more than 84% in the USA is accounted for by dihydrocoumarin (No.
1171). The estimated daily per capita intakes in Europe and the USA for dihydrocoumarin are 1.4 and 1.1 mg, respectively (International Organization of the
Flavour Industry, 1995; Lucas et al., 1999. The daily per capita intakes of all the
other flavouring agents in the group are in the range of 0.07–298 mg (International
Organization of the Flavour Industry, 1995; Lucas et al., 1999), most values being
at the lower end of this range. The daily per capita intake of each agent in Europe
and in the USA is reported in Table 1.
1.3

Absorption, distribution, metabolism and elimination

Lactones are formed by acid-catalysed intramolecular cyclization of 4- or 5carbon hydroxycarboxylic acids to yield five- (g-) or six- (d-) membered lactone
rings, respectively. The stability of the lactone ring in an aqueous environment is
pH-dependent. In blood, lactones would hydrolyse rapidly to the open-chain
hydroxycarboxylic acid (Fishbein & Bessman, 1966; Roth & Giarman, 1966;
Guidotti & Ballotti, 1970). On the basis of the results of studies of structurallyrelated lactones (Billecke et al., 2000), the four aliphatic lactones (Nos 1157–1160)

1158

1159

1160

4-Hydroxy-4-methyl-7-cisdecenoic acid g_lactone

Tuberose lactone

1157

Structural class I
4-Hydroxy-4-methyl-5hexenoic acid g-lactone

(+/-) 3-Methyl-gdecalactone

No.

Flavouring agent

O

153175-57-6

O

70851-61-5

67663-01-8

O

1073-11-6

O

O

O

CAS number and structure

O

O

No
Europe: ND
USA: 11

No
Europe: ND
USA: 13

No
Europe: ND
USA: 5

No
Europe: ND
USA: 3

Step A3
Does intake
exceed the
threshold for
human intake?b

NR

NR

NR

NR

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

See note 1

See note 1

See note 1

See note 1

Comments
based
on predicted
metabolism

No safety concern

No safety concern

No safety concern

No safety concern

Conclusion based
on current intake

Table 1. Summary of results of safety evaluations of alicyclic, alicyclic-fused and aromatic-fused ring lactones used as
flavouring agentsa
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1161

1162

Structural class III
Dihydromintlactone

Mintlactone

(+/-)-(2,6,6-Trimethyl-2hydroxycyclohexylidene)
acetic acid g-lactone

1164

Dehydromenthofurolactone 1163

No.

Flavouring agent

Table 1. (contd)

O

O

O

O

15356-74-8

O

75640-26-5

O

13341-72-5

O

92015-65-1

O

CAS number and structure

No
Europe: ND
USA: 0.9

No
Europe: 2
USA: 9

No
Europe: 4
USA: 9

No
Europe: ND
USA: 12

Step A3
Does intake
exceed the
threshold for
human intake?b

NR

NR

NR

NR

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

See note 2

See note 3

See note 2

See note 2

Comments
based
on predicted
metabolism

No safety concern

No safety concern

No safety concern

No safety concern

Conclusion based
on current intake

178
ALICYCLIC, ALICYCLIC-FUSED AND AROMATIC-FUSED RING LACTONES

1166

Octahydrocoumarin

1167

1165

Sclareolide

Structural class III
2-(4-Methyl-2hydroxyphenyl)propionic
acid g-lactone

No.

Flavouring agent

Table 1. (contd)

O

O

O

65817-24-5

O

4430-31-3

564-20-5

O

CAS number and structure

O

No
Europe: ND
USA: 2

No
Europe: ND
USA: 0.07

No
Europe: 1
USA: 6

Step A3
Does intake
exceed the
threshold for
human intake?b

Yes. The NOELs of
5.42 and 6.55 mg/
kg bw per day for
males and females,
respectively, for the
related substance 3propylidenephthalide
(No. 1168)
(Posternak et al.,
1969) are > 100 000
times greater than
the estimated intake
of 2-(4-methyl-2-

NR

NR

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

See note 5

See note 4

See note 2

Comments
based
on predicted
metabolism

No safety concern

No safety concern

No safety concern

Conclusion based
on current intake
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No.

1168

Flavouring agent

3-Propylidenephthalide

Table 1. (contd)

O

17369-59-4

CAS number and structure

O

No
Europe: 20
USA: 52

Step A3
Does intake
exceed the
threshold for
human intake?b

Yes. The NOELs of
5.42 and 6.55 mg/
kg bw per day for
males and females,
respectively,
(Posternak et al.,
1969) are >1000
times greater than
the estimated
intakes of 3propylidenephthalide
in Europe (0.3 mg/
kg bw per day) and
in the USA (0.9 mg/
kg bw per day)
when used as a
flavouring agent

hydroxyphenyl)
propionic acid
g-lactone in the USA
(0.03 mg/kg bw per
day) when used as
a flavouring agent

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

See note 6

Comments
based
on predicted
metabolism

No safety concern

Conclusion based
on current intake
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No.

1169

1170

Flavouring agent

3-n-Butylphthalide

3-Butylidenephthalide

Table 1. (contd)

O

O

551-08-6

O

6066-49-5

CAS number and structure

O

No
Europe: 10
USA: 7

No
Europe: 0.6
USA: 0.4

Step A3
Does intake
exceed the
threshold for
human intake?b
See note 6

Comments
based
on predicted
metabolism

Yes. The NOELs of
See note 6
5.42 and 6.55 mg/
kg bw per day for
males and females, ,
respectively for the
related substance 3propylidenephthalide

Yes. The NOELs of
5.42 and 6.55 mg/
kg bw per day for
males and females,
respectively, for the
related substance 3propylidenephthalide
(No. 1168)
(Posternak et al.,
1969) are >100 000
times greater than
the estimated
intakes of 3-nbutylphthalide in
Europe (0.01 mg/
kg bw per day) and
in the USA
(0.006 mg/kg bw per
day) when used as
a flavouring agent

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

No safety concern

No safety concern

Conclusion based
on current intake
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No.

1171

1172

Flavouring agent

Dihydrocoumarin

6-Methylcoumarin

Table 1. (contd)

O

O

O

92-48-8

O

119-84-6

CAS number and structure

Yes
Europe: 298
USA: 96

Yes
Europe: 1415
USA: 1111

Step A3
Does intake
exceed the
threshold for
human intake?b

Yes. Several safety
studies are available
as discussed in the
text

Yes. Several safety
studies are available
as discussed in the
text

(No. 1168)
(Posternak et al.,
1969) are >10 000
times greater than
the estimated
intakes of 3butylidenephthalide
in Europe (0.2 mg/
kg bw per day) and
in the USA
(0.1 mg/kg bw per
day) when used as
a flavouring agent

Step A4 Is the
flavouring agent or
are its metabolites
endogenous?

See note 8

See note 7

Comments
based
on predicted
metabolism

No safety concern

No safety concern

Conclusion based
on current intake
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Notes:
1. Hydrolysed to a hydroxycarboxylic acid, followed by b-oxidative cleavage to yield metabolites that are completely metabolized in the citric acid
cycle
2. Hydrolysed to a hydroxycarboxylic acid, followed by excretion; oxidation of ring substituents or the ring itself to yield polar hydroxylated
metabolites that may be excreted in the urine
3. Hydrolysed to a ketoacid, followed by excretion as the glucuronic acid conjugate or oxidation of ring substituents to yield polar hydroxylated
metabolites that may be excreted in the urine
4. Hydrolysed to a hydroxycarboxylic acid, followed by b-oxidative cleavage to a polar hydroxyacid that may be excreted free or conjugated with
glucuronic acid
5. Hydrolysed to hydroxycarboxylic acid, followed by glucuronic acid or glycine conjugation
6. Hydrolysed to hydroxycarboxylic acid or keto carboxylic acid, followed by excretion as the glucuronic acid or glycine conjugate
7. Hydrolysed followed by b-oxidation to yield o-hydroxybenzoic acid which is excreted primarily in the urine unchanged or as the glycine
conjugate
8. Oxidized to yield 7-hydroxy-6-methylcoumarin via ring hydroxylation or coumarin-6-carboxylic acid via methyl group oxidation. Excretion of
these conjugates either in the free form or as glycine conjugates

CAS: Chemical Abstracts Service; ND: no data on intake reported; NR: not required for evaluation because consumption of the substance was
determined to be of no safety concern at step A3 of the Procedure
a
Step 2: Ten flavouring agents (Nos 1157–1166) in this group were predicted to be metabolized to innocuous products. The evaluation of these
flavouring agents therefore proceeded via the A-side of the decision tree. The aromatic-fused ring lactones (Nos 1167–1172) are in structural
class III; limited metabolic data exist for this subgroup of flavouring agents. The evaluation of these six flavouring agents therefore proceeded
via the B-side of the decision tree
b
The thresholds for human intake for structural classes I and III are 1800 and 90 mg/day, respectively. All intake values are expressed in mg/day.
The combined intakes of flavouring agents in structural class I is 32 mg/person per day in the USA. The combined intake of flavouring agents in
structural class III is 1751 mg/person per day in Europe and 1305 mg/person per day in the USA

Notes to Table 1
ALICYCLIC, ALICYCLIC-FUSED AND AROMATIC-FUSED RING LACTONES
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in the group can be expected to hydrolyse to the corresponding hydroxycarboxylic
acid, and then undergo b-oxidative cleavage to yield metabolites that are completely metabolized in the citric acid cycle (Voet & Voet, 1990; Nelson & Cox, 2000).
The metabolic options open to lactones fused to alicyclic rings (Nos 1161–1166)
include excretion as the open-chain hydroxycarboxylic acid derivative, hydroxylation of ring alkyl substituents producing polar metabolites that may be excreted
(Madyastha & Raj, 1993), or oxidative degradation of the carboxylic acid side-chain
to yield polar alicyclic or aromatic carboxylic acids that are excreted unchanged or
in conjugated form (Brewster et al., 1977a).
Metabolic pathways available to aromatic fused-ring lactones (Nos 1167–1172)
include excretion as the glycine or glutamine conjugates of the open-chain hydroxycarboxylic acid derivative, or oxidation or reduction of the side-chain and subsequent excretion as the glucuronic acid conjugate (Ambrose et al., 1933; James et
al., 1972).
1.4

Application of the Procedure for the Safety Evaluation of
Flavouring Agents

Step 1.

In applying the Procedure for the Safety Evaluation of Flavouring
Agents, the Committee assigned four of the 16 agents (Nos 1157–1160)
to structural class I. The remaining 12 agents (Nos 1161–1172) were
assigned to structural class III (Cramer et al., 1978).

Step 2.

Ten flavouring agents (Nos 1157–1166) in this group are expected to
be metabolized to innocuous products. The evaluation of these flavouring agents therefore proceeded via the A-side of the decision-tree.
Limited metabolic data exist for the aromatic-fused ring lactones (Nos
1167–1172). The evaluation of these six flavouring agents therefore
proceeded via the B-side of the decision tree.

Step A3.

The estimated daily per capita intakes of all four of the flavouring agents
in structural class I (Nos 1157–1160) and six agents (Nos 1161–1166)
in structural class III are below the threshold for concern (i.e.
1800 mg/day for class I and 90 mg/day for class III). The Committee concluded that these 10 substances would not be expected to be of safety
concern at current estimated levels of intake as flavouring agents.

Step B3.

The estimated daily per capita intakes of four of the flavouring agents
in structural class III are below the threshold for concern for their class
(i.e. 90 mg/day). Accordingly, the evaluation of these four agents
proceeded to step B4.
The estimated daily per capita intakes of the remaining two substances
in structural class III, dihydrocoumarin (No. 1171) and 6-methylcoumarin (No. 1172), exceed the threshold of concern for their class
(i.e. 90 mg/day). The estimated intake of dihydrocoumarin is 1415 mg/
person per day in Europe and 1111 mg/person per day in the USA. The
estimated intake of 6-methylcoumarin (No. 1172) is 298 mg/person per
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day in Europe and 96 mg/person per day in the USA. In accordance with
the Procedure, more extensive data are needed to perform a safety
evaluation of flavouring agents exceeding the threshold for their structural class at step B3.
Step B4.

The NOELs of 5.42 and 6.55 mg/kg bw per day (Posternak et al., 1969)
for males and females, respectively, for 3-propylidenephthalide (No.
1168) are 1000 times greater than its estimated intake of 0.3 mg/kg bw
per day in Europe and 0.9 mg/kg bw per day in the USA.
The NOELs for 3-propylidenephthalide are appropriate to evaluate
2-(4-methyl-2-hydroxyphenyl)propionic acid g-lactone (No. 1167),
3-n-butylphthalide (No. 1169), and 3-butylidenephthalide (No. 1170)
because these substances are structurally related and undergo similar
pathways of metabolism. The NOELs of 5.42 and 6.55 mg/kg bwper day
(Posternak et al., 1969) for males and females, respectively, for 3propylidenephthalide are 100 000 times greater than the estimated
intake from use as a flavouring agent of 2-(4-methyl-2-hydroxyphenyl)propionic acid g-lactone in the USA (0.03 mg/kg bw per day),
100 000 times greater than the estimated intake of 3-n-butylphthalide
in Europe (0.01 mg/kg bw per day) and in the USA (0.006 mg/kg bw per
day), and 10 000 times greater than the estimated intake of 3butylidenephthalide in Europe (0.2 mg/kg bw per day) and in the USA
(0.1 mg/kg bw per day). The Committee concluded that these substances would not pose a safety concern at currently estimated levels
of intake. Table 1 summarizes the evaluations of the members of this
group.

1.5

Consideration of flavouring agents with high intakes evaluated by
the B-side of the decision-tree

1.5.1

Dihydrocoumarin (No. 1171)

More extensive data on metabolism and toxicity were considered to complete
the safety evaluation of dihydrocoumarin (No. 1171).
Dihydrocoumarin is a d-lactone fused to a benzene ring and is not a member
of the class of aromatic coumarin derivatives. Dihydrocoumarin lacks a,bunsaturation in the lactone ring, which is a key structural feature in the metabolism of coumarin. Coumarin is principally metabolized in humans and primates by
electrophilic substitution (i.e. 7-hydroxylation), and in rats and several other
species by epoxidation of the alkene function to form mainly 3-hydroxycoumarin
(Egan et al., 1990; Van Iersel et al., 1994). The absence of a double bond in dihydrocoumarin precludes the formation of the reactive epoxide and subsequent
metabolites. The metabolic fate of dihydrocoumarin closely resembles that of
simple aliphatic d-lactones. Dihydrocoumarin and aliphatic lactones hydrolyse to
the corresponding ring-opened hydroxyacids (Billecke et al., 2000). Hydrolysis of
dihydrocoumarin yields a substituted 3-phenylpropanoic acid derivative that is
expected to undergo either conjugation or side-chain oxidation to yield the corresponding benzoic acid derivative (Furuya, 1958; Pollitt, 1974).
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Mice
In a 13-week study, groups of B6C3F1 mice received dihydrocoumarin in corn
oil by gavage at a dose of up to 1600 mg/kg bw, once daily, 5 days a week. No
gross or microscopic lesions were observed in either sex at any dose, although
body-weight gain was reduced in males and females at the highest dose and
females at 800 mg/kg bw showed changes in organ weights. The NOEL for dihydrocoumarin was 400 mg/kg bw per day in B6C3F1 mice (National Toxicology
Program, 1993).
In a study of the potential carcinogenicity of dihydrocoumarin, B6C3F1 mice
received dihydrocoumarin in corn oil by gavage at a dose of up to 800 mg/kg bw,
once daily, 5 days per week for 2 years No significant differences in survival rates,
final mean body weights or clinical findings were reported in the treated animals
as compared with the controls. The only increase in neoplasia associated with
the administration of dihydrocoumarin was in the incidences of hepatocellular
adenoma and hepatocellular adenoma and carcinoma (combined), seen at all
doses in females only. This effect reflects the high incidence of spontaneous liver
tumours in this hybrid mouse and thus the heightened sensitivity to enhancement
of liver neoplasia (Maronpot et al., 1987; Haseman et al., 1994, 1998). In view of
the nature of the findings, the Committee concluded that observations of hepatic
neoplasms in this bioassay in mice are not relevant to the safety of dihydrocoumarin in humans at low levels of intake from use as a flavouring agent (National
Toxicology Program, 1993).
In a 13-week study, groups of Fischer 344/N rats received dihydrocoumarin in
corn oil by gavage at a dose of up to 1200 mg/kg bw, once daily, 5 days per week.
In males only, body weight was decreased at the highest dose. Changes in
enzymes and other constituents of blood plasma were reported at doses of
≥300 mg/kg bw. Increases in liver and kidney weights were observed at the two
higher doses. Centrilobular hepatocellular hypertrophy, ranging in severity from
minimal to mild, was reported in the livers of animals of each sex at a dose of
≥300 mg/kg bw. No adverse treatment-related effects were observed in either male
or female rats receiving dihydrocoumarin at 75 and 150 mg/kg bw (National
Toxicology Program, 1993).
In a study of the potential carcinogenicity of dihydrocoumarin, Fischer 344/N
rats received doses of up to 600 mg/kg bw in corn oil by gavage, on 5 days per
week for 2 years. A significant dose-related decrease in the survival of male rats,
attributed to progressive degenerative nephropathy leading to renal failure, was
reported after week 92. Nephropathy was reported in control and treated rats of
each sex. Although the incidence of nephropathy was greater in male rats, the findings were significant only in females at the two higher doses. Microscopic examination revealed a statistically significant, dose-related increase in renal tubule
hyperplasia in male rats only. A significant increase in the incidence of renal tubule
adenomas was observed in males treated with 600 mg dihydrocoumarin/kg bw
when compared with the control group, but there was no evidence of malignant
renal tubule neoplasms in male rats at any dose. Increases in the incidence of
renal tubule hyperplasia or renal tubule adenomas were not observed in female

ALICYCLIC, ALICYCLIC-FUSED AND AROMATIC-FUSED RING LACTONES

187

rats. The Committee concluded that the renal hyperplastic and neoplastic effects
observed are sex- and species-specific and not dose-related, and that these effects
reflect the sensitivity of the male rat kidney to chronic progressive nephropathy
and neoplasia. The NOEL was 300 mg/kg bw per day (National Toxicology
Program, 1993).
In a study in rats fed diets containing 0.76% dihydrocoumarin (equivalent to
580 mg/kg bw), relative liver weights were significantly increased in the treated
group compared with the controls, but no microscopic abnormalities were observed
(Lake et al., 1994). Dihydrocoumarin did not markedly affect the activities of carnitine acetyltransferase and palmitoyl-coenzyme A (CoA) oxidation, indicating that
dihydrocoumarin is unlikely to be a rodent liver peroxisome proliferator (Lock et
al., 1989).
As noted by the Committee at its thirty-fifth meeting, no effects were reported
in three short-term studies in rats fed dihydrocoumarin in the diet (Trubek, 1957,
1958; Hagan et al., 1967). Although it was not possible to determine a NOEL from
these studies, they did provide additional data that support the safe use of dihydrocoumarin as a flavouring agent at its current level of intake.
As also noted at the thirty-fifth meeting, no effects were reported in a long-term
study in dogs fed dihydrocoumarin in the diet. The data obtained in this study were
limited by the small number of animals tested (Hagan et al., 1967).
Dihydrocoumarin was tested in various assays for genotoxicity in vitro. The
results of the assays for reverse mutation and unscheduled DNA synthesis were
negative (Prival et al., 1982; Brusick, 1982b; National Toxicology Program, 1983;
Curren, 1986). Cytotoxicity was reported in a mouse lymphoma assay in the presence of an endogenous metabolic activation system, however, similar assays for
forward mutation without metabolic activation produced negative results (Cifone,
1982b, 1984). Negative results were obtained in six out of seven studies of chromosomal aberration in Chinese hamster ovary cells (Galloway, 1983; National
Toxicology Program, 1993). A dose-related increase in sister chromatid exchange
was found in the same cell line (National Toxicology Program, 1983), but this isolated positive result was not considered evidence for genotoxicity. A test for
micronucleus formation in rats in vivo gave negative results (National Toxicology
Program, 1993). The Committee concluded that the data indicated that dihydrocoumarin is not genotoxic.
5.1.2

6-Methylcoumarin (No. 1172)

More extensive data on metabolism and toxicity were considered in order to
complete the safety evaluation of 6-methylcoumarin (No. 1172).
It is anticipated that humans will metabolize 6-methylcoumarin via methyl group
oxidation to the corresponding benzoic acid derivative, which can also be readily
excreted. 6-Methylcoumarin may also undergo ring hydroxylation to form the corresponding 7-hydroxy metabolite, followed by excretion as the glucuronic acid conjugate. At high doses, metabolism via the 3,4-epoxide is at most a minor pathway,
even in individuals exhibiting decreased activity of CYP2A6.
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When 6-methylcoumarin was administered daily by gavage to male and female
B6C3F1 mice for 13 weeks at a dose of up to 800 mg/kg bw, no toxicologically significant changes were reported in clinical, macroscopic or microscopic examinations at any dose. Prostration, bradycardia, bradypnoea, hypoactivity, hypothermia,
and loss of the grasping reflex were reported at the highest dose only (National
Toxicology Program, 2002).
In a 13-week study, 6-methylcoumarin was given to rats by gavage at a dose
of up to 1200 mg/kg bw per day. All rats receiving the highest dose of 1200 mg/kg
bw and one male rat receiving 600 mg/kg bw died during week 1 of the study.
Decreases in body weight were reported in males and females receiving 600 mg
6-methylcoumarin/kg bw, relative to controls. The clinical effects, including hypoactivity, lachrymation, ataxia, impaired righting reflex and decreased limb tone,
were reported in animals of each sex at 600 mg/kg bw. A decrease in serum
cholinesterase activity was reported in females receiving 300 mg/kg bw. No
other changes were reported in haematological, serum biochemical or urinary
parameters at any dose. Necropsy of all animals receiving 1200 mg/kg bw
revealed microscopic hepatic lesions that varied in the degree of congestion,
degeneration, necrosis and hepatitis. Increased mean absolute and relative
liver weights were reported in males and females receiving doses of 300 and
600 mg/kg bw; however, these changes were not accompanied by any substancerelated macroscopic observations. No treatment-related effects were reported in
animals receiving a dose of 150 mg/kg bw per day (National Toxicology Program,
2002).
In a 14-week study, groups of weanling Osborne-Mendel rats were fed diets
containing 6-methylcoumarin at a concentration of 0, 1000 or 10 000 ppm (equivalent to 0, 100 and 1000 mg/kg bw). No significant differences in general health
and behaviour, or body weight and food consumption were reported in the treated
animals as compared with the controls. Haematological examinations performed
at the end of the study did not reveal any treatment-related effects. No effects on
organ weights, or macroscopic or microscopic changes in the tissues were
reported at any dose.
In a 2-year feeding study, Osborne-Mendel rats were fed diets containing 6methylcoumarin at concentrations of up to 15 000 ppm (equivalent to 750 mg/kg
bw). Depression in growth rates was noted in males receiving doses of 375 or
750 mg/kg bw, but in females only at the higher dose. Hepatic effects in males
and females receiving a dose of 750 mg/kg bw included fatty metamorphosis, very
slight bile duct proliferation, and focal telangiectasis. No treatment-related effects
were observed at doses up to and including 175 mg/kg bw per day in males and
375 mg/kg bw per day in females (Hagan et al., 1967).
The results of a 13-week study in rats fed diets containing 0.82% 6-methylcoumarin (corresponding to 695 mg/kg bw) revealed a slight vacuolation of hepatocytes in three out of eight treated animals; however, no increases in plasma
aminotransferase activity and no bile-duct hyperplasia or cholangiofibrosis were
reported (Lake et al., 1994). 6-Methylcoumarin treatment increased mixed function oxidase activity (i.e. 7-ethoxycoumarin O-deethylase activity), but it did not
markedly affect the activities of carnitine acetyltransferase and palmitoyl-coenzyme
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A oxidation, indicating that 6-methylcoumarin is unlikely to be a rodent liver peroxisome proliferator (Lock et al., 1989).
No effects were reported in a limited study in dogs given 6-methylcoumarin at
a dose of 200 mg/kg bw per day in gelatine capsules for 2 or 4 weeks. In a longterm study, no effects were reported in dogs fed diets containing 6-methylcoumarin
at a concentration providing a dose of 50 mg/kg bw per day (Hagan et al., 1967).
The data obtained in these studies are limited because only one or two dogs were
tested per group (Levenstein, 1954).
6-Methylcoumarin was not genotoxic in a number of assays for reverse mutation with Salmonella typhimurium strains (Brusick, 1982a; Wild et al., 1983;
Haworth et al., 1983); marginally positive results were reported in a single assay
(Wild et al., 1983). Negative results were reported in a mouse lymphoma assay
(Cifone, 1982a; National Toxicology Program, 1993). No increase in the frequency
of mutation was observed in a test for sex-linked recessive lethal mutation in
Drosophila melanogaster (Wild et al., 1983). A test for micronucleus formation in
mice in vivo gave negative results in females and equivocal results in males (Witt
et al., 2000); the positive results were not confirmed in a similar study (Wild et al.,
1983). The Committee concluded that the data indicated that 6-methylcoumarin is
not genotoxic.
In a 13-week study in rats given dihydrocoumarin, a NOEL of 150 mg/kg bw per
day was identified (National Toxicology Program, 1993). This NOEL is about 5000
times greater than the estimated per capita intake of dihydrocoumarin in Europe
(24 mg/kg bw per day) and in the USA (19 mg/kg bw per day). In rats, the NOEL for
dihydrocoumarin in the 2-year study by gavage was 300 mg/kg bw per day
(National Toxicology Program, 1993). These NOELs are 10 000 times greater than
the estimated intake of dihydrocoumarin in Europe (24 mg/kg bw per day) and in
the USA (19 mg/kg bw per day). In a 13-week study in rats, a NOEL of 150 mg/kg
bw per day was found (National Toxicology Program, 2002). This NOEL is 30 000
times greater than the estimated intake of 6-methylcoumarin in Europe (5 mg/kg bw
per day) and in the USA (2 mg/kg bw per day). Understanding of their metabolism
and the available data on toxicity led the Committee to conclude that the safety of
dihydrocoumarin and 6-methylcoumarin would not be expected to present a safety
concern at current levels of intake (Table 1).
1.6

Consideration of secondary components

Three members of this group of flavouring agents (Nos 1158, 1160, and 1164)
have minimum assay values of <95%. Information on the safety of the secondary
components of these three compounds is summarized in Annex 6 (Summary of
the safety evaluation of secondary components of flavouring agents with minimum
assay values of less than 95%). The secondary components of No. 1158 (heptan1-ol) and No. 1160 (g-dodecalactone and 2(3H)-furanone, dihydro-5-(2-octenyl)(Z )) were evaluated at the forty-ninth meeting. None of the secondary components
was considered to present a safety concern at current levels of intake. The secondary components of No. 1164 (2,9-dimethyl 3,8-decanedione and 4-hydroxy-5,6oxo b-ionone) have not been previously evaluated. However, compounds that are
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structurally related to the secondary components of No. 1164 (3,4-hexandione and
b-ionone) were evaluated at the fifty-first meeting, and were considered not to
present a safety concern at current intake levels. On this basis, the secondary
components of No. 1164 were considered not to present a safety concern at current
levels of intake.
1.7

Consideration of combined intakes from use as flavouring agents

All 16 agents in this group are expected to be efficiently metabolized and would
not saturate metabolic pathways. Evaluation of all the data indicated no safety
concern associated with combined intake.
1.8

Conclusions

The Committee concluded that none of the 16 flavouring agents in this group
of alicyclic, alicyclic-fused and aromatic-fused ring lactones would present safety
concerns at the current estimated levels of intake. More extensive data on metabolism and toxicity were considered in the evaluations of dihydrocoumarin (No.
1172) and 6-methylcoumarin (No. 1171) in accordance with the application of the
Procedure in the case of flavouring agents with high intakes evaluated by the Bside of the decision-tree. Other data on the toxicity and metabolism of these ring
lactones were consistent with the results of the safety evaluation.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Additional considerations on intake

The concentrations of aliphatic lactones intentionally added to food are similar
to those that occur naturally in food. Eight of the lactones in this group have been
reported to occur naturally in foods and have been detected in rose-apple, celery
stalks, soya bean, black and green tea, boiled beef and peppermint oil (Maarse et
al., 1999). The annual volumes of production of members of this group are reported
in Table 2. The lactone with the greatest total annual volume of production, dihydrocoumarin, has been detected in sweet grass oil. Its hydrolysis product, 3-(2hydroxyphenyl)propanoic acid, has been detected in sherry, and in white and red
wine. Lactones have also been identified as components of commonly-used
spices. The annual consumption of (+/-)-(2,6,6-trimethyl-2-hydroxycyclohexylidene) acetic acid g-lactone (No. 1164) as a component of paprika is 0.39 mg/kg2
(American Spice Trade Association, 2000), that is, 10 times greater than the daily
intake of 0.01 mg/kg bw from its use as a flavouring agent in the USA. Quantitative

2

Total consumption of paprika in the USA in 2000 was 52 771 000 lbs. The average
concentration of (+/-)-(2,6,6-trimethyl-2-hydroxycyclohexylidene) acetic acid g-lactone (No.
1164) found in paprika is 7.5 ppm. Consumption of (+/-)-(2,6,6-trimethyl-2hydroxycyclohexylidene) acetic acid g-lactone via paprika = 52 771 000 ¥ 7.5 ppm)
(American Spice Trade Association, 2000).
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Table 2. Annual volumes of production of alicyclic, alicyclic-fused and
aromatic-fused ring lactones used as flavouring agents in Europe and the USA
Agent (No.)

Most recent
annual
volume (kg)a

Intakeb

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

4-Hydroxy-4-methyl-5-hexenoic acid g-lactone (1157)
Europe
ND
ND
ND
USAe
18
3
0.05

+

NA

(+/-) 3-Methyl-g-decalactone (1158)
Europe
ND
ND
USAe
30
5

-

NA

4-Hydroxy-4-methyl-7-cis-decenoic acid g-lactone (1159)
Europe
ND
ND
ND
USAe
75
13
0.2

-

NA

Tuberose lactone (1160)
Europe
ND
USAe
60

ND
11

ND
0.2

-

NA

Dihydromintlactone (1161)
Europe
ND
USAe
66

ND
12

ND
0.2

-

NA

Mintlactone (1162)
Europe
29
USAe
50

4
9

0.07
0.1

+

NA

Dehydromenthofurolactone (1163)
Europe
12
2
50
9
USAe

0.03
0.1

+

NA

mg/day

mg/kg bw
per day

ND
0.09

(+/-)-(2,6,6-Trimethyl-2-hydroxycyclohexylidene) acetic acid g-lactone (1164)
Europe
ND
ND
ND
5
0.9
0.01
+
NA
USAe
Sclareolide (1165)
Europe
9
USAf
49

1
6

0.02
0.1

-

NA

Octahydrocoumarin (1166)
Europe
ND
USA
0.5

ND
0.07

ND
0.001

-

NA

2-(4-Methyl-2-hydroxyphenyl) propionic acid g-lactone (1167)
Europe
ND
ND
ND
USAe
9
2
0.03
-

NA

3-Propylidenephthalide (1168)
139
Europe
USA
395

20
52

0.3
0.9

+

NA

3-n-Butylphthalide (1169)
Europe
4
USAg
2

0.6
0.4

0.01
0.006

2318

1159
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Table 2. (contd)
Agent (No.)

Most recent
annual
volume (kg)a

Intakeb

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

mg/day

mg/kg bw
per day

3-Butylidenephthalide (1170)
Europe
71
USA
54

10
7

0.2
0.1

+

NA

Dihydrocoumarin (1171)
Europe
9916
USA
8437

1415
1111

24
19

+

NA

6-Methylcoumarin (1172)
Europe
2091
USA
730

298
96

5
2

-

NA

Total
Europe
USA

12 271
10 031

NA, not available; ND, no data reported; +, reported to occur naturally in foods (Maarse et
al., 1999), but no quantitative data; -, not reported to occur naturally in foods
a
From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or
National Academy of Sciences (1982)
b
Intake (mg/person/day) was calculated as follows: [(annual volume, kg) ¥ (1 ¥ 109 mg/kg)/
(population ¥ survey correction factor ¥ 365 days)], where population (10%, “eaters
only”) = 32 ¥ 106 for Europe and 26 ¥ 106 for the USA. The correction factor = 0.6 for
Europe and USA National Academy of Sciences surveys and 0.8 for the Lucas et al.
USA survey representing the assumption that only 60% and 80% of the annual flavour
volume, respectively, was reported in the poundage surveys (National Academy of
Sciences, 1982; International Organization of the Flavour Industry, 1995; Lucas et al.,
1999)
Intake (mg/kg bw day) was calculated as follows: [(mg/person per day)/body weight],
where body weight = 60 kg. Slight variations may occur from rounding
c
Quantitative data for the United States reported by Stofberg & Grundschober (1987).
d
The consumption ratio was calculated as follows: (annual consumption in food, kg)/(most
recent reported volume as a flavouring agent, kg)
e
Anticipated annual volume, which was the maximum amount of flavour estimated to be
used annually by the manufacturer at the time the material was proposed for flavour
use. National surveys (National Academy of Sciences, 1970, 1982 or 1987; Lucas et al.,
1999) revealed no reported use of the agent as a flavouring agent at that time
f
Annual volume reported by industry for the year 2000 (Private communication to the
Flavor and Extract Manufacturers Association, 2002)
g
Annual volume reported in the USA (National Academy of Sciences, 1982)

data on natural occurrence reported for one flavouring agent in the group, 3-nbutylphthalide (No. 1169), demonstrate that intake occurs predominantly from the
consumption of food (i.e. consumption ratio, >1) (National Academy of Sciences,
1982; Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987; Maarse et
al., 1999).
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Figure 1. Equilibrium of g- and d-hydroxycarboxylate anion and lactone
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Hydrolysis and the effect of pH

In nature, lactones are formed by acid-catalysed intramolecular cyclization of
4- or 5-carbon hydroxycarboxylic acids to yield 5- (g-) or 6- (d-) membered lactone
rings, respectively (see Figure 1). Smaller (3- or 4-membered rings) and larger
(≥7-membered rings) lactones form in a similar manner, but are relatively unstable compared with g- and d-lactones. In an aqueous environment, a pHdependent equilibrium is established between the open-chain hydroxycarboxylic
acid and the lactone ring. In basic media, such as blood, the formation of the openchain hydroxycarboxylate anion is favoured, while in acidic media, such as urine,
the formation of the lactone ring is favoured. The stability of the lactone ring in an
acidic environment is shown by the observation that the urine from 10 normal
human adults contains a variety of aliphatic lactones such as g-valerolactone, ghexalactone, and d-hexalactone (Zlatkis & Liebich, 1971).
Studies of hydrolysis have been performed using structurally-related g-lactones
formed from linear saturated hydroxycarboxylic acids with varying lengths of
carbon chain (C4, C5, C9, C10, C11, C12, and C16). Studies of hydrolysis with gbutyrolactone have been conducted in rats, guinea-pigs, rabbits, cats, dogs and
humans (Roth & Giarman, 1966). Significant hydrolysis of g-butyrolactone has
been reported to occur upon incubation with liver or plasma lactonase for 10 min
(Fishbein & Bessman, 1966). The hydrolysis product, g-hydroxybutyric acid, was
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detected in the muscles and fat of rats given g-butyrolactone intravenously at a
dose of 500 mg/kg (Roth & Giarman, 1966) and in the blood and brain of rats given
g-butyrolactone orally at the same dose (Guidotti & Ballotti, 1970). The half-life for
the conversion of the lactone ring to the open-chain hydroxycarboxylate anion in
the whole blood of rats is <1 min (Roth & Giarman, 1966). In rats, the hydrolysis
of lactones administered intravenously may be catalysed, in part, by a lactonase
present primarily in the plasma and liver. A similar g-lactonase that catalyses the
hydrolysis of 4- to 8-carbon lactones has been detected in human blood (Fishbein
& Bessman, 1966). Higher concentrations of the form of lactone found in the brain
and muscles of rats after intravenous administration confirm that the lactonase is
more active in plasma.
In humans, paraoxonase (PON1), a serum enzyme belonging to the class of
A-carboxyesterases (Aldridge, 1953), is known to rapidly hydrolyse a broad range
of aliphatic lactone substrates, including b-, g-, d-, and w-lactones, lactones fused
to alicyclic rings (such as 2-(2-hydroxycyclopent-4-enyl)ethanoic acid g-lactone),
and lactones fused to aromatic rings (such as dihydrocoumarin (No. 1171))
(Billecke et al., 2000). The activities of paraoxonase isoenzymes (Q and R) in
human blood exhibit a bimodal distribution that is accounted for by a Q/R (glutamine or arginine) polymorphism with Q-type homozygotes showing a lower activity than QR heterozygotes or R homozygotes (Humbert et al., 1993).
Incubation of human R-type PON1 (1 mmol/l) with the aliphatic lactones gbutyrolactone, g-valerolactone, g-decanolactone and undecano-g-lactone resulted
in hydrolysis rates of 9.1, 7.0, 19.0 and 13.0 mmol/min per ml substrate, respectively (Billecke et al., 2000). The alicyclic fused-ring lactone, 2-(2-hydroxycyclopent-4-enyl)ethanoic acid g-lactone, is hydrolysed at a slower rate, <3 mmol/min
per ml substrate by the Q and R isoenzymes of PON1 (Billecke et al., 2000).
Relative rates of hydrolysis are more rapid for lactones fused to benzene rings.
Incubation of R-type PON1 (1 mmol/l) with the aromatic d-lactone dihydrocoumarin
(No. 1171) resulted in a hydrolysis rate of 17.0 mmol/min per ml of substrate, suggesting that PON1 has a high affinity for aromatic lactones. g-Lactones fused to a
benzene ring also undergo rapid hydrolysis of the lactone ring. Homogentisic acid
lactone (2,5-dihydroxyphenylethanoic acid lactone) and 2-hydroxyphenylethanoic
acid g-lactone are rapidly hydrolysed (50 and 13.5 mmol/min per ml, respectively)
to the corresponding hydroxycarboxylic acids in the presence of R-type PON1
(1 mmol/l) (Billecke et al., 2000). Q and R isoenzymes exhibit similar activities for
aromatic lactones; however, introduction of a double bond in the lactone ring
retards hydrolysis. Coumarin (2-hydroxyphenyl)propanoic acid d-lactone) is not
hydrolysed by either PON1 isoenzyme (Billecke et al., 2000). On the basis of this
observation, it is anticipated that 6-methylcoumarin (No. 1172), which also contains a double bond, will not be hydrolysed in vivo. This conclusion is consistent
with the observation that major metabolites of 6-methylcoumarin are not the products of lactone ring hydrolysis (see section 2.2.1(c)). The above data indicate that
dihydrocoumarin and other lactones fused to aromatic rings will be readily hydrolysed in vivo to the open-chain hydroxycarboxylic acid form. Therefore, dihydrocoumarin will hydrolyse in vivo to form 3-(o-hydroxyphenyl) propionic acid
(o-HPPA).
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A 1-h incubation of 1 mmol 4,4-dibutyl-g-butyrolactone and w-6-hexadecenlactone with 50 ml of simulated intestinal fluid resulted in 92% and 96% hydrolysis,
respectively, yielding the ring-opened hydroxycarboxylic acids (Morgareidge,
1962). Ninety-two percent of the w-6-hexadecenlactone was hydrolysed within the
first 15 min of incubation (Morgareidge, 1962).
Incubation of 1 mmol of g-valerolactone and g-undecalactone with 50 ml of
simulated intestinal fluid resulted in 32% and 58% hydrolysis within 4 h, respectively (Morgareidge, 1962). Doubling the volume of intestinal fluid resulted in a 50%
and 62% hydrolysis of g-valerolactone and g-undecalactone, respectively, within
the same period of time (Morgareidge, 1962). Conversely, hydrolysis (93%)
occurred within 1 h of incubation of 200 mg of g-valerolactone with 50 ml of rat liver
homogenate (Morgareidge, 1963).
Incubation of g-nonalactone and g-undecalactone with rat liver homogenate in
buffer solution at pH 7.5 resulted in 62–94% and 26–40% hydrolysis within 1 h,
respectively (Morgareidge, 1963). After 1 h, 81–88% and 45–70% hydrolysis of gnonalactone and g-undecalactone, respectively, occurred at pH 8.0 (Morgareidge,
1963).
The pharmacologic activity of many drugs depends on lactone ring hydrolysis.
Simvastatin, a widely-used cholesterol-lowering agent, is a d-lactone prodrug that
is ring-opened to yield a b-hydroxy acid that inhibits the activity of 3-hydroxy-3methylglutaryl coenzyme A (HMG-CoA) reductase used in cholesterol synthesis.
Human cholecystectomy patients with T-tube drainage given a single oral dose of
100 mg [14C]simvastatin show the presence of the open-chain hydroxycarboxylic
acid in bile in vivo within 12 h of administration (Cheng et al., 1994).
With the exception of 6-methylcoumarin (No. 1172), data on the hydrolysis of
a wide variety of lactones in simulated intestinal fluid, rat liver homogenate, and
human blood serum support the conclusion that lactones will hydrolyse before
absorption or upon entering the systemic circulation.
(b)

Absorption, distribution and excretion

At the physiological pH of the intestines, aliphatic lactones (Nos 1157–1160)
exist in the ring-opened form (i.e. as hydroxycarboxylic acids). Studies show that
hydroxycarboxylic acids are absorbed from the gastrointestinal tract, rapidly
metabolized, and excreted from the body.
Most data available on the disposition of lactones formed from simple aliphatic
g- or d-hydroxycarboxylic acids are obtained from studies on g-butyrolactone (i.e.
4-hydroxybutyric acid g-lactone). These data were included in the original review
on aliphatic lactones (Annex 1, reference 132). A brief overview is presented below.
g-Butyrolactone is absorbed rapidly and completely from the intestinal tract
when given orally at a dose of >100 mg/kg to male Sprague-Dawley rats (Guidotti
& Ballotti, 1970; Lettieri & Fung, 1978). Once absorbed, g-hydroxybutyric acid is
completely oxidized in the fatty acid pathway and citric acid cycle (Nelson & Cox,
2000). Respiratory excretion of 14C-labelled CO2 was detected 4 min after males
were injected with radiolabelled g-hydroxybutyric acid (sodium salt), while peak
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recovery occurred 15 min after administration. Approximately 60% of the administered dose was recovered as expired 14CO2 within 2.5 h (Roth & Giarman, 1966).
As documented in the discussion on hydrolysis (see section 2.2.1(a)), g- or dlactones fused to alicyclic rings (e.g. cyclohexyl ring system) (Nos 1161–1166) are
absorbed as the open-chain cycloalkyl-substituted hydroxycarboxylic acids. Therefore, substances such as dihydromintlactone (No. 1161) and octahydrocoumarin
(No. 1166) exist in vivo as the ring-opened form 2-hydroxycyclohexyacetic acid
derivative and 3-(2-hydroxycyclohexyl) propanoic acid, respectively. Information on
cyclohexyl- and cyclopentyl-substituted carboxylic acids provides relevant data on
the absorption, distribution and excretion of these substances.
Greater than 98% of an oral dose of 100 mg/kg bw of [14C]cyclohexanecarboxylate salt administered to male Wistar albino rats is excreted in the urine within
7 h. Less than 1% is excreted in the faeces or expired air (Brewster et al., 1977a).
Greater than 97% of a dose of 200 mg/kg bw of [14C]cyclohexanecarboxylate salt
given to male Wistar rats via the duodenal cannula is recovered as five different
urinary and biliary metabolites within 7 h. The rate of excretion increased as the
dose decreased from 200 to 0.5 mg/kg bw. At the lowest dose (0.5 mg/kg bw), 95%
of the administered dose was excreted within the first 90 min (Brewster et al.,
1977a).
Other studies have shown dose-dependent clearance of cyclohexanecarboxylic acids from the body. Female Sprague-Dawley rats injected with a single
dose of cyclohexanecarboxylic acid at 67, 133, or 311 mg/kg bw showed a
decrease in renal and blood clearance rates after 24 h and 48 h, as the dose
increased. At the lowest dose (67 mg/kg bw), blood and renal clearance rates were
reported to be 27.6 and 3.99 ml/min per kg bw, respectively, and at the highest dose
(311 mg/kg bw), they were reported to be 8.50 and 0.76 ml/min per kg bw, respectively. These results suggest that the pathway by which cyclohexanecarboxylic
acids are eliminated from the body can be saturated, but only at relatively high
doses (Liu & Pollack, 1993).
Dihydrocoumarin (No. 1171) and four other aromatic lactones in the group (Nos
1167–1170) are either g- or d-lactones fused to a benzene ring. Having no double
bond in the lactone ring, these substances exist in vivo as the ring-opened form
(i.e. 3-(2-hydroxyphenyl)propanoic acid and 2-hydroxyphenylacetic acid derivatives). In the case of dihydrocoumarin, data indicate that the open-chain form is
excreted mainly unchanged as the glycine conjugate in the urine. In rabbits, a “considerable amount” of dihydrocoumarin administered orally was detected in the
urine as the glycine conjugate of the ring-opened form, o-hydroxyphenylpropionic
acid (Furuya, 1958; Morgareidge, 1962, 1963).
The only lactone in the group that is not readily hydrolysed either before
absorption or in the systemic circulation is 6-methylcoumarin (No. 1172). The
absorption, distribution, and excretion of 6-methylcoumarin can be predicted on
the basis of analogy with the structurally related substance coumarin. Coumarin
is rapidly absorbed from the intestinal tract after oral administration in rats and
humans. Five minutes after a single oral dose of 3-[14C]coumarin was administered
to rats, 14C was detected in the serum, liver, and kidney. A peak concentration was

ALICYCLIC, ALICYCLIC-FUSED AND AROMATIC-FUSED RING LACTONES

197

reached after 45–60 min. Within 48 h, 10% and 70% of the dose was eliminated in
the faeces and urine of rats, respectively (Feuer et al., 1966). Male Wistar rats
given benzene 14C-labelled (U)coumarin by gavage as a single dose of either 10,
100, or 150 mg/kg bw in arachis oil were reported to excrete 33.4%, 31.2% or
28.6% of the administered dose in the urine within 24 h (Huwer et al., 1991).
In humans, coumarin was detected in the blood minutes after ingestion of an
oral dose of 0.857 mg/kg bw. A peak plasma concentration was reached within
10–20 min. Greater than 80% of the administered dose was excreted in the urine
within 24 h (Ritschel et al., 1977). On the basis of these data, it is anticipated that
6-methylcoumarin will be rapidly absorbed and excreted primarily in the urine of
mammals.
All 16 lactones in the group of aliphatic, alicyclic-fused and aromatic-fused ring
lactones used as flavouring agents are expected to be readily absorbed from the
gastrointestinal tract, metabolized and excreted, predominantly in the urine.
(c)

Metabolism
(i)

Aliphatic lactones (Nos 115–1160)

Four of the 16 substances in this group (4-hydroxy-4-methyl-5-hexenoic acid
g-lactone, No. 1157; (+/-)3-methyl-g-decalactone, No. 1158; 4-hydroxy-4-methyl-7cis-decenoic acid g-lactone, No. 1159; tuberose lactone, No. 1160) are formed via
the intramolecular cyclization of a g-membered aliphatic hydroxycarboxylic acid.
The metabolic fate of these aliphatic lactones can be predicted on the basis of
analogy with the known biotransformations of structurally-related lactones.
In general, the open-chain hydroxycarboxylic acid formed from g- or d-lactones
is converted via acetyl coenzyme A (CoA) to the corresponding hydroxythioester.
The hydroxythioester then undergoes b-oxidization and cleavage to yield an acetyl
CoA fragment and a new a-hydroxythioester, which undergoes a-decarboxylation
to yield a linear carboxylic acid and eventually, CO2 and H2O (Nelson & Cox, 2000).
In vivo, g-butyrolactone is rapidly metabolized and eliminated primarily as respiratory CO2 and urinary metabolites (National Toxicology Program, 1992). Intermediates formed during the b-oxidation of g-hydroxycarboxylic acids have been
detected in humans (Walkenstein et al., 1964; Lee, 1977). These intermediates
include (S)-3,4-dihydroxybutyric acid, glycolic acid, and 3-oxobutyric acid, which
have been detected in the urine after administration of an oral dose of 1000 mg of
g-hydroxybutanoic acid lactone (Lee, 1977).
If the lactone is formed from a hydroxycarboxylic acid-containing unsaturation
process, b-oxidation and cleavage of acetyl CoA units will continue along the
carbon chain until the position of unsaturation is reached. If the unsaturation begins
at an odd-numbered carbon, acetyl CoA fragmentation will eventually yield a 3enoyl CoA, which is converted to trans-D2-enoyl CoA before entering the fatty acid
pathway. If unsaturation begins at an even-numbered carbon, acetyl CoA fragmentation will yield a D2-enoyl CoA product, which acts as a substrate for further
fatty acid oxidation (Nelson & Cox, 2000).
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The chain length and the position and size of the alkyl substituents influence
the principal metabolic pathways utilized for detoxication of branched-chain
hydroxycarboxylic acids. Short-chain (<C6) branched aliphatic hydroxycarboxylic
acids may be excreted unchanged as the glucuronic acid conjugate, or undergo
a- or b-oxidation followed by cleavage and complete metabolism to CO2 via the
fatty acid pathway and the tricarboxylic acid cycle (Nelson & Cox, 2000). Alternatively, as chain length, substitution and lipophilicity increase, the hydroxycarboxylic
acid may undergo a combination of w-, w-1 and b-oxidation to yield polar hydroxycarboxylic acid, ketoacid, and hydroxydiacid metabolites which may be excreted
as the glucuronic acid or sulfate conjugates in the urine and, to a lesser extent, in
the faeces (Diliberto et al., 1990). Long-chain, methyl-substituted carboxylic acids
are, to some extent, w-oxidized in animals to form diacids, which can be detected
in the urine (Williams, 1959).
Acids with a methyl substituent located at a 2- or 4-position, as in 4-hydroxy4-methyl-7-cis-decenoic acid g-lactone (No. 1159), are extensively metabolized to
CO2 in the fatty acid pathway via b-oxidation and cleavage of the longer branched
chain. If the methyl group is located at the 3-position, as in (+/-) 3-methyl-gdecalactone (No. 1158), b-oxidation occurs in the shorter branched chain. Larger
alkyl substituents (≥C2) located at the a- or b-position inhibit metabolism to CO2
(Deuel Jr., 1957; Albro, 1975; Deisinger et al., 1994) in which case there is either
direct conjugation of the acid with glucuronic acid, or W-oxidation leading to diacid
metabolites which may be conjugated and excreted.
(ii)

Lactones fused to alicyclic ring systems (Nos 1161–1166)

The formation of the ring-opened hydroxycarboxylic acid fused to a cycloalkyl
ring provides for a polar substrate capable of excretion, unchanged or conjugated,
in the urine. In the acidic pH of the urine, the open-chain hydroxycarboxylic acid
derivative is present as the ring-closed lactone. The presence of mintlactone (No.
1162) in the urine of rats given pulegone is evidence that the lactone may be
excreted unchanged (Madyastha & Raj, 1993).
If alkyl substituents are present on the alicyclic ring (Nos 1161–1165), two principal metabolic options exist. Lactone ring hydrolysis may be followed by direct
excretion in the urine. Alternatively, oxidation of ring substituents or the ring itself
yields polar polyhydroxylated carboxylic acid metabolites that may be excreted
primarily in the urine.
Hydrolysis of the lactone ring in dehydromenthofurolactone (No. 1163) yields
the enolic form of a ketocarboxylic acid, 2-(2-keto-4-methylcyclohexyl)propionic
acid (also known as 9-carboxypulegone) (see Figure 2). The ketocarboxylic acid
is excreted unchanged as the glucuronic acid conjugate or undergoes side-chain
oxidation to yield additional hydroxylated metabolites that are also detected in the
urine. Ring- and side-chain hydroxylated metabolites of both dehydromenthofurolactone and its ring-opened form (9-carboxypulegone) have been detected in the
urine of rats given either pulegone or menthofuran (Madyastha & Raj, 1993).
In addition to being excreted unchanged or undergoing hydroxylation of ring
substituents, the open-chain form of the lactone may undergo oxidative degrada-
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Figure 2. Metabolism of dehydromenthofurolactone (No. 1163)
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tion of the side-chain. If the lactone is a d-lactone fused to an alicyclic ring (No.
1166, octahydrocoumarin), it may be hydrolysed to a carboxylic acid containing an
odd number of carbons (one or three) in the side-chain. b-Oxidation and cleavage
of the octahydrocoumarin side-chain yields 3-hydroxycyclohexanecarboxylic acid,
which may subsequently be excreted unchanged in the urine, or aromatized to a
benzoic acid derivative and excreted mainly as the hippuric acid. If the side-chain
acid contains an even number of carbons, such as dihydromintlactone (No. 1161),
the resulting hydroxycarboxylic acid may be excreted unchanged or in conjugated
form and the ring may be cleaved to yield polar metabolites that may be excreted
in the urine.
In perfused rat liver, the related substance, cyclohexanecarboxylic acid, which
contains an odd number of carbons in the side-chain, is primarily metabolized to
hippuric acid. Small amounts of the glucuronic acid conjugate of the parent acid,
hexahydrohippuric acid, 3,4,5,6-tetrahydrohippuric acid, unchanged cyclohexanecarboxylic acid, and benzoic acid also were detected (Brewster et al., 1977b).
Benzoyl glucuronide was found in the bile of rats as an in vivo metabolite of cyclohexanecarboxylic acid (Brewster et al., 1977a).
On the basis of these data, it is concluded that the metabolic options available
to lactones fused to alicyclic rings include excretion as the open-chain hydroxycarboxylic acid derivative, hydroxylation of ring alkyl substituents leading to polar
metabolites that may be excreted, or oxidative degradation of the carboxylic acid
side-chain yielding polar alicyclic or aromatic carboxylic acids that are excreted
unchanged or in conjugated form in the urine.
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(iii)

Lactones fused to aromatic ring systems (Nos 1167–1172)

g-Lactones (Nos 1167–1170)
The four g-lactones (Nos 1167–1170) fused to a benzene ring are hydrolysed
in vivo to the corresponding 2-(2-hydroxyphenyl)propionic acid (No. 1167) or 2-(2hydroxyalkyl)benzoic acid (Nos 1168–1170) derivatives. The phenylpropionic acid
derivative is excreted as the glycine or glutamine conjugates while the 2-(2-hydroxyalkyl)benzoic acid (phthalides) derivatives may be excreted directly, or the sidechain oxygenated functional group (alcohol or enolic alcohol) may be oxidized
(alcohol) or reduced (keto formed from enol). The reduced form is subsequently
conjugated and excreted.
2-(4-Methyl-2-hydroxyphenyl)propionic acid g-lactone (No. 1167) is a phenylacetic acid with an additional methyl group at position 2. As such, it is structurally
related to phenylacetic acid. In two men, an average of 91% and 7% of an oral
dose of [carboxy-14C]-phenylacetic acid of 1.0 mg/kg bw is excreted within 24 h as
glutamine and taurine3 conjugates, respectively. Unlike in most other animals, only
a trace amount of the glycine conjugate has been detected in humans (James et
al., 1972). The distribution and type of conjugation in humans is relatively unaffected
by continued ingestion of phenylacetic acid. After being fed the acid at increasing
daily doses (1000–10 000 mg) over 97 days, humans consistently excreted >90% of
the administered dose as the phenylacetylglutamine conjugate at 24-h intervals
(Ambrose et al., 1933). Similarly, Old and New World monkeys conjugate phenylacetic acid with glutamine and to a lesser extent, taurine. However, significant
quantities of phenylacetic acid (1–44%) are excreted unconjugated. In carnivores
(e.g. dog, cat, ferret), glycine conjugation predominates with no detectible amounts
of glutamine conjugation. Likewise in rodents and lagomorphs (rabbits), phenylacetic
acid is excreted primarily as the glycine conjugate. Unconjugated phenylacetic
acid and minute amounts of taurine conjugates are also excreted. In rats, >94% of
a dose of phenylyacetic acid of 80 mg/kg bw given by intraperitoneal injection is
excreted as the glycine conjugate within 24 h (James et al., 1972).
Phthalides (3-propylidenephthalide, No. 1168; 3-n-butylphthalide, No. 1169; 3butylidenephthalide, No. 1170) are lactones formed from intramolecular cyclization
of o-2-hydroxyethylbenzoic acid derivatives. Hydrolysis of a-alkyl-substituted
phthalide (No. 1169) would yield the corresponding secondary alcohol attached to
a benzoic acid skeleton. Hydrolysis of a-alkenyl-substituted phthalides (Nos 1168
and 1170) would yield the enol form of the corresponding ketone attached to a
benzoic acid skeleton. The benzoic acid moiety may conjugate with glycine and
be excreted mainly as the hippurate, while the ketone function produced by hydrolysis of propylidene- and butylidene-phthalide may be reduced to the corresponding alcohol, and excreted as the glucuronic acid conjugate (Nelson & Cox, 2000).
In animals, mitochondrial acid CoA ligases activate benzoates to form an intermediate CoA thioester, which reacts with the amino acids glycine and glutamine.
3

HO
O

S

O

NH2

taurine
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The resulting glycine conjugate of benzoic acid is efficiently removed from circulation during a single pass through the kidney (Killenberg & Webster, 1980). The
ketocarboxylic acids produced by hydrolysis of two phthalides (Nos 1168 and 1170)
may be reduced to the corresponding alcohol by aromatic ketone reductase
(Felsted & Bachur, 1980). Reduction of other aromatic ketones (e.g. acetophenone) occurs stereoselectively (Culp & McMahon, 1968). However, it is difficult to
predict the stereospecificity of the reaction since aromatic ketone reductase consists of multiple enzymes with different absolute stereospecific or stereocatalytic
properties. It is anticipated that humans will hydrolyse phthalides to their corresponding ketocarboxylic acid (Nos 1168 and 1170) or hydroxycarboxylic acid (No.
1169), which may form the corresponding hippurate and subsequently be excreted
in the urine or undergo ketone reduction to yield a secondary alcohol that may also
be excreted as the corresponding glucuronic acid conjugate.
On the basis of these data, it was concluded that the metabolic options available to lactones fused to aromatic rings include excretion as the glycine or glutamine conjugates of the open-chain hydroxycarboxylic acid derivative, or oxidation
or reduction of the side-chain and subsequent excretion as the glucuronic acid
conjugate.
Dihydrocoumarin (No. 1171)
In animals, dihydrocoumarin is hydrolysed to the corresponding ring-opened
hydroxycarboxylic acid, o-HPPA (see Figure 3). In rabbits given a single dose of
dihydrocoumarin of 200 mg/kg bw by gavage, the principal urinary metabolites
identified by qualitative thin-layer chromatography included the ring-opened form
o-HPPA and the glycine conjugate of o-HPPA. Minor urinary metabolites included
o-coumaric acid, o-coumarylglycine, coumarin, 7-hydroxycoumarin and 3hydroxycoumarin (Furuya, 1958). Dihydrocoumarin also undergoes ring opening
to yield o-HPPA when incubated with rat caecal extract (Scheline, 1968).
After hydrolysis, o-HPPA may also undergo b-oxidation and cleavage to yield
o-hydroxybenzoic acid (salicylic acid), which is excreted primarily in the urine
unchanged or as the glycine conjugate (Morgareidge, 1962, 1963) (see Figure 3).
In humans, the structurally-related acids, 3-phenylpropionic acid (Pollitt, 1974) and
3-phenylpropenoic acid (i.e. cinnamic acid) (Williams, 1959) undergo efficient boxidation and cleavage to yield benzoic acid, which is excreted predominantly in
the urine as hippuric acid. In rats and mice, cinnamic acid is metabolized mainly
to hippuric acid (Nutley et al., 1994); in rats, however, o-methoxycinnamic acid is
metabolized mainly to the b-hydroxy derivative that is excreted as the glucuronic
acid conjugate (Samuelson et al., 1986).
It is anticipated that humans will hydrolyse dihydrocoumarin to form o-HPPA,
which is either excreted unchanged, conjugated with glycine, or b-oxidized and
cleaved to yield o-hydroxybenzoic acid (i.e. salicylic acid) (see Figure 3).
6-Methylcoumarin (No. 1172)
Unlike aliphatic lactones, which are readily hydrolysed in vivo to the corresponding hydroxy acids (Morgareidge, 1962, 1963), fused ring aromatic lactones
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Figure 3. Metabolism of dihydrocoumarin (No. 1171)
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like 6-methylcoumarin (No. 1172) and coumarin contain a relatively stable lactone
ring. Increased stability may result from extended conjugation of the aromatic ring
with the a, b-unsaturated lactone ring present in coumarin derivatives. Therefore,
it is expected that oxidation competes favourably with lactone ring hydrolysis in vivo.
6-Methylcoumarin is a methyl-substituted coumarin ring system, which is
expected to be metabolized via oxidation of the methyl group to yield the corresponding aromatic carboxylic acid, or via ring oxidation. In the latter case, oxidation of the benzene ring (i.e. 7-hydroxylation) or the lactone ring alkene (i.e.
3,4-epoxidation) is possible. Compared with oxidation pathways for lactone rings,
6-methylcoumarin is expected to exhibit an increased relative rate of benzene ring
hydroxylation at the C7 position owing to the presence of a methyl substituent (Lake
et al., 1994).
The demethylated analogue, coumarin, is rapidly absorbed and metabolized in
humans (Cohen, 1979). 7-Hydroxycoumarin is the principal metabolite in humans
and other primates (Shilling et al., 1969; Waller & Chasseaud, 1981; Egan et al.,
1990; Cholerton et al., 1992; Rautio et al., 1992) formed by first-pass metabolism
in the liver (Van Iersel et al., 1994). 7-Hydroxycoumarin is then rapidly conjugated
with glucuronic acid (Ritschel et al., 1977) and excreted in the urine. 7Hydroxylation of coumarin is catalysed by cytochrome P450 isoenzymes 2A6
(CYP2A6) and 2B6 (CYP2B6). Gene subfamilies CYP2A and CYP2B, which are
expressed to form these enzymes, have been isolated from human hepatic mRNA
derived from chromosome 19 (Miles et al., 1990; Forrester et al., 1992). Volunteers excreted varying amounts of 7-hydroxycoumarin (Cholerton et al., 1992;
Rautio et al., 1992; Van Iersel et al., 1994) suggesting that some interindividual
variation may exist in the gene expression of CYP2A6 (Miles et al., 1990; Yamano
et al., 1990; Pearce et al., 1992; Yamazaki et al., 1992).
In the alternate 3-hydroxylation pathway, which predominates in rats, coumarin
is oxidized via a 3,4-epoxide intermediate to yield mainly o-HPAA. This pathway
may compete favourably in humans at high concentrations of substrate (Fentem
& Frey, 1992; Van Iersel et al., 1994), presumably when CYP2A6 approaches
saturation or when gene expression limits the production of CYP2A6. o-HPAA
accounted for only 1–6% of a 200 mg dose of coumarin given to humans (Shilling
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et al., 1969). In rats, coumarin is predominantly oxidized to o-HPAA, presumably
via a 3,4-epoxide, some of which reacts with glutathione at the a-position (Huwer
et al., 1991). Additionally, the epoxide may bind covalently to cytoplasmic proteins
(Lake et al., 1989; Peters et al., 1991), form a 3,4-diol, or rearrange to yield 3hydroxycoumarin (Lewis et al., 1994).
2.2.2

Toxicological studies

Typically, the toxicological studies described in the monograph are organized
according to duration (i.e. short-term, long-term, and carcinogenicity), flavouring
agent and species. However, in the interest of preserving the integrity of the studies
performed by the National Toxicology Program (National Toxicology Program) on
dihydrocoumarin (No. 1171) and 6-methylcoumarin (No. 1172), the short-term
studies and studies of carcinogenicity will be discussed in the section on long-term
studies (see 2.2.2 (c)) in the sequence in which they were conducted.
(a)

Acute toxicity

Oral LD50 values have been reported for 9 of the 16 substances in this group
and are summarized in Table 3. In mice, oral LD50 values ranged from 1010 to
Table 3. Studies of the acute oral toxicity of alicyclic, alicyclic-fused and
aromatic-fused ring lactones
No.

Flavouring agent

Species

Sex

1162
1163

Mintlactone
Dehydromenthofurolactone

Rat
Rat

M, F
M, F

530a
2253

1165

Sclareolide

Rat

M, F

>5000

1166
1166
1166
1168
1169
1169
1170
1170
1171
1171
1171
1171
1172
1172
1172
1172

Octahydrocoumarin
Octahydrocoumarin
Octahydrocoumarin
3-Propylidenephthalide
3-n-Butylphthalide
3-n-Butylphthalide
3-Butylidenephthalide
3-Butylidenephthalide
Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
6-Methylcoumarin
6-Methylcoumarin
6-Methylcoumarin
6-Methylcoumarin

Rat
Rat
Rat
Rat
Mouse
Rat
Rat
Rat
Mouse
Rat
Rat
Guinea-pig
Mouse
Rat
Rat
Rat

M, F
NR
M, F
NR
NR
NR
NR
NR
M, F
M, F
M
M, F
NR
NR
NR
M, F

3302
3900
3840
1650
1850
2450
1850
2200
1010
1460
1650
1760
3050
465
1680
844

M, male; F, female; NR, not reported
a
Dose converted to mg/kg using specific gravity of 1.06

LD50
(mg/kg bw)

Reference

Collier (1982)
Reagan & Becci
(1984)
Lewis & Palanker
(1979)
Buch (1981)
Moreno (1978)
BASF (1976)
Moreno (1975)
Pellmont (1970)
Moreno (1976)
Moreno (1980)
Posternak (1965)
Levenstein (1953)
Jenner et al. (1964)
Moreno (1972)
Jenner et al. (1964)
Levenstein (1954)
Feuer (1974)
Moreno (1973)
Serota (1984)
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3050 mg/kg bw (Levenstein, 1953, 1954; Pellmont, 1970). In rats, oral LD50 values
ranged from 465 to >5000 mg/kg bw (Jenner et al., 1964; Posternak, 1965; Moreno,
1972, 1973, 1975, 1976, 1980; Feuer, 1974; BASF, 1976; Lewis & Palanker, 1979;
Buch, 1981; Collier, 1982; Reagan & Becci, 1984; Serota, 1984). In guinea-pigs,
an oral LD50 for dihydrocoumarin of 1760 mg/kg bw has been reported (Jenner
et al., 1964).
These results demonstrate that the acute toxicity of alicyclic, alicyclic-fused and
aromatic-fused ring lactones is low.
(b)

Short-term studies of toxicity
(i)

Aliphatic lactones (Nos 1157–1160)

Numerous short-term studies of toxicity have been conducted on aliphatic lactones. At its forty-ninth meeting, the Committee evaluated a group of aliphatic lactones, which included 19 lactones formed from simple aliphatic linear saturated
hydroxycarboxylic acids (Annex 1, reference 132). Upon review of the available
data, the Committee noted that class I lactones would have a low order of toxicity when administered orally, due to their simple chemical structures and efficient
modes of metabolism. On this basis, the Committee concluded that the group of
aliphatic lactones presented no safety concern at current levels of intake when
used as flavouring agents.
The four aliphatic g-lactones in this group are new flavouring agents and were
not included in the earlier review. These flavouring agents (4-hydroxy-4-methyl-5hexenoic acid g-lactone, No. 1157; (+/-)3-methyl-g-decalactone, No. 1158; 4hydroxy-4-methyl-7-cis-decenoic acid g-lactone, No. 1159; tuberose lactone, No.
1160) are all formed from simple aliphatic linear saturated hydroxycarboxylic acids
and have all been assigned to class I (Cramer et al., 1978). Therefore, the toxicological profiles of these lactones can be predicted on the basis of analogy with
the known toxicological profiles of the structurally-related lactones previously evaluated by the Committee (Annex 1, reference 132).
(ii)

Lactones fused to alicyclic ring systems (Nos 1161–1166)

Dihydromintlactone (No 1161)
Groups of five male and five female Sprague-Dawley rats were given diets containing dihydromintlactone (No. 1161) at concentrations calculated to provide an
average daily intake of 0, 5.5, 15.5, or 27.8 mg/kg bw, for 28 days (Cormack et al.,
2000). The animals were examined daily for overt signs of toxicity, general health,
overt changes in water consumption and behavioural changes. Individual body
weights, and food, and water consumption were recorded weekly. Evaluations of
haematology and blood chemistry parameters were performed for all animals at
the end of the study. All animals were subjected to gross necropsy examination,
and the major organs and tissues (e.g. brain, heart, kidneys, liver, and lungs) of
animals receiving the highest dose (27.8 mg/kg bw per day) and of control animals
were subjected to complete histopathological evaluation. There were no deaths,
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clinical signs of toxicity, or changes in functional parameters (i.e. behavioural, functional performance, and sensory reactivity) reported in any of the animals during
the study. A statistically significant decrease (p < 0.01) in body-weight gain and a
slight (13%) decrease in food consumption were reported in week 2 in males
receiving a dose of 27.8 mg/kg bw per day, but not thereafter. No changes in bodyweight gain or food consumption were observed in any other groups. No significant differences were observed in haematological or blood chemistry parameters
between animals in the control group and animals treated with dihydromintlactone.
At necropsy, there were no significant differences in absolute and relative organ
weights between groups treated with dihydromintlactone and the controls. Gross
and histopathological examinations did not reveal any abnormalities related to the
administration of dihydromintlactone. Although the decreased body weights and
food consumption at week 2 in males receiving the highest dose were statistically
significant, the authors concluded that this isolated finding was of minimal toxicological significance owing to the recovery observed during weeks 3 and 4 of the
study. Nevertheless, the NOEL for dihydromintlactone was reported by the study
authors as 15.5 mg/kg bw per day for males and >27.8 mg/kg bw per day for
females (Cormack et al., 2000).
Dehydromenthofurolactone (No. 1163)
In a 21-day range-finding study, groups of five male and five female SpragueDawley rats were given daily doses of dehydromenthofurolactone of 0 or 100 mg/kg
bw in the diet. The animals were observed daily for mortality and overt physical
and behavioural abnormalities. Individual body weights and food consumption
were recorded before initiation of the study and every 3 days until study termination, when all animals were killed and subjected to a complete gross necropsy. A
complete set of tissues and organs was excised from each animal, and liver and
kidney tissues were examined microscopically. No deaths or outward clinical signs
of toxicity were reported in any of the animals during the study. A significant
decrease in body-weight gain in the treated animals was reported on days 1–7 of
the study, but not thereafter. Significant but sporadic decreases in food consumption were reported in males on days 4–7, and in females on days 1–4, 7–10, and
13–15 of the study. Females treated with dehydromenthofurolactone were reported
to have significantly reduced absolute body weights when compared with controls
on days 7–22 of the study. No significant difference in absolute body weights was
reported between males treated with dehydromenthofurolactone and controls. The
significantly increased absolute and relative liver weights reported in the treated
males were not accompanied by any microscopic abnormalities. No significant differences in absolute and relative organ weights were observed in females treated
with dehydromenthofurolactone when compared with controls. No gross or microscopic pathological effects related to the administration of dehydromenthofurolactone were reported. The author concluded that 100 mg/kg bw per day was an
appropriate high dose for a subsequent 90-day study in rats (Becci, 1986).
Groups of 20 male and 20 female Sprague-Dawley rats were fed diets containing dehydromenthofurolactone at concentrations calculated to provide an
average daily intake of 0, 1, 10, or 100 mg/kg bw for 13 weeks. The animals were
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observed daily for mortality, pharmacotoxic signs and overt behavioural changes.
Individual body weights and food consumption were recorded before initiation of
the study and weekly thereafter. Clinical chemistry tests and gross necropsies were
conducted on randomly selected animals (five of each sex per group) after 4 weeks
of treatment with dehydromenthofurolactone and on all surviving animals after 13
weeks. At necropsy, the absolute and relative organ weights of all animals were
determined. Tissues from controls and from rats receiving the highest dose
(100 mg/kg bw per day) were fixed and stained for microscopic examination. On
the basis of the initial findings, microscopic examinations of potential target organs
(i.e. oesophagus and stomach) were extended to include animals receiving the low
dose (1 mg/kg bw per day) and the intermediate dose (10 mg/kg bw per day).
No mortality attributable to dehyromenthofurolactone was reported. There was
no significant difference in body weight reported between animals receiving the
two lower doses and control animals throughout the duration of the study. Conversely, body weights and food consumption of animals receiving the highest dose
animals were significantly lower (p ≥ 0.05) than those of the control animals
throughout the study. Since no difference in food conversion (body-weight gain per
gram of food consumed) was reported at any dose, the decreased food consumption and body-weight gains of the animals receiving the highest dose were
attributed to the decreased palatability of the diet at this dose. Oesophageal and
gastric changes in animals given the highest dose may also have had an effect
on food consumption.
The incidence of slight to mild hyperkeratosis and epithelial thickening of the
oesophageal mucosa was significantly increased (p £ 0.05) in the groups receiving the two higher doses when compared with controls. Rats given the highest
dose exhibited a significant increase in the incidence of hyperkeratosis of the squamous forestomach at termination. However, the authors did not consider these
observations to be of any toxicological significance since they were not associated
with any other dose-related biological alterations (i.e. basal cell proliferation).
Instead, the authors attributed these changes to the irritation of the mucosa, resulting from the continuous ingestion of high doses of dehydromenthofurolactone. No
other lesions were reported.
Increased relative liver weights were reported in both sexes at 10 and 100 mg/
kg bw per day, but not at 1.0 mg/kg bw per day. However, since absolute liver
weights were unchanged, the increased relative organ weights were attributed to
the lower body weights of rats. Increased concentrations of total protein and
albumin in the serum were noted only in males at the highest dose. This was not
considered to be biologically important because the increase did not affect the
albumin:globulin ratio at any dose and it was not accompanied by any changes in
clinical, haematological, or urine analysis parameters. On the basis of the findings
of the study, the author reported the NOEL for dehydromenthofurolactone to be
1.0 mg/kg bw per day (Voss, 1985).
Sclareolide (No. 1165)
Groups of five male and five female Sprague-Dawley rats were fed diets containing sclareolide at a dose of 0 or 10 mg/kg bw per day for 14 days. Based on
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food consumption values, the average daily intakes of sclareolide for weeks 1 and
2 were reported to be 8.19 and 7.52 mg/kg bw for males and 7.95 and 7.92 mg/kg
bw for females, respectively. Concurrent controls were maintained. Mortality, food
consumption, body weight, detailed clinical signs, absolute and relative organ
weights, gross pathology and histopathology were recorded for all rats. There were
no deaths or outward clinical signs of toxicity reported in any of the animals. Comparisons of food intake and body weight revealed no significant differences
between treated animals and controls. Compared with controls, mean body
weights were significantly increased and mean relative kidney weights were significantly decreased in treated females at week 2. The authors did not consider
these observations to be of any toxicological significance because they were not
accompanied by any evidence of histopathology. No treatment-related effects were
reported in the treated rats on gross pathological and histological examinations of
the liver and kidneys (Terrill, 1990).
(iii)

Lactones used to aromatic ring systems (Nos 1167–1172)

3-Propylidenephthalide (No. 1168)
Groups of 14 male and 14 female Charles River CD rats were fed diets containing 3-propylidenephthalide for 13 weeks. The animals received diets containing 3-propylidenephthalide at a concentration of 47, 78, or 94 ppm from 0–4, 5–10,
or 11–13 weeks, respectively. The average daily intake of 3-propylidenephthalide
over the 13-week period was calculated to be approximately 5.42 mg/kg bw for
males and 6.55 mg/kg bw for females. Concurrent controls were maintained. Individual body weights, food consumption and efficiency of food use were measured
weekly. Haematological and clinical chemistry examinations were performed on
50% of the animals at week 7 and on all of the animals at the end of the study.
At necropsy, gross and histopathological examinations were performed on all
animals.
No differences in body weight, food consumption and efficiency of food use
were reported in treated animals when compared with the controls. Concentration
of haemoglobin, erythrocyte count, erythrocyte volume fraction and total and differential leukocyte counts for controls and treated animals were similar throughout the study. The relative weights of the liver and kidneys of the treated animals
did not differ significantly from those of the controls. Gross necropsy and
histopathological examination revealed no dose-related lesions in any treated
animals (Posternak et al., 1969).
Dihydrocoumarin (No. 1171)
A 13-week study in rats was designed to investigate the hepatotoxic potential
of dihydrocoumarin (Lake et al., 1994). Groups of six to eight male SpragueDawley rats were fed diets containing 0.76% dihydrocoumarin, calculated to
provide an average daily intake of 580 mg/kg bw. Concurrent controls were maintained. Although relative liver weights were significantly increased in the treated
group compared with the controls, histopathological examination of animals treated
with dihydrocoumarin revealed no abnormalities. Dihydrocoumarin did not
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markedly affect the activities of carnitine acetyltransferase or palmitoyl-CoA oxidation (Lake et al., 1994), indicating that dihydrocoumarin is unlikely to be a rodent
liver peroxisome proliferator (Lock et al., 1989).
Groups of 10 male and 10 female weanling Osborne-Mendel rats were fed diets
containing dihydrocoumarin at a concentration of 0, 1000 or 10 000 ppm for 14
weeks (Hagan et al., 1967). These concentrations were calculated to provide an
average daily intake of dihydrocoumarin of 0, 100 or 1000 mg/kg bw, respectively
(Food & Drug Administration, 1993). However, a limitation of this study is the inability to determine the actual exposure levels owing to loss of the test substance in
the diet during storage. No difference in general health and behaviour was reported
in the treated animals when compared with the controls. Weekly measurements
of body weight and food consumption revealed no significant difference between
treated and control groups of rats. Haematological examinations performed at
study termination showed no treatment-related effects in any of the animals. Additionally, no effects on organ weights, or macroscopic or microscopic changes in
the tissues were reported upon necropsy (Hagan et al., 1967).
A blend of four compounds, which included dihydrocoumarin at a concentration of 15 ppm, was fed ad libitum to a group of 12 male and 12 female rats for 12
weeks. This daily ration was adjusted to provide a dose of dihydrocoumarin of
approximately 5.58 mg/kg bw per day. Concurrent controls were maintained. Measurements of body weight, food consumption, and efficiency of food use were performed weekly. After the 12-week period, the urine of rats (three of each sex per
group) was examined for the presence of sugar and albumin, and blood concentrations of haemoglobin were determined. The rats were subjected to gross
necropsy and complete histopathological examinations of the liver and kidneys.
There were no deaths reported in any of the treated animals during the study. The
treated animals appeared normal in general health and behaviour throughout the
study. The efficiency of food utilization was significantly depressed in the treated
males (p < 0.05) and females (p < 0.01) when compared with the controls. The
growth, final mean body weights, and absolute and relative liver and kidney
weights of the treated animals were not significantly different from those of the
controls. No other treatment-related effects were reported in any rats upon clinical (i.e. haematology and urine analysis) and gross necropsy examinations
(Trubek, 1957).
In a follow-up study, groups of 10 male and 10 female rats were fed diets containing dihydrocoumarin at a concentration providing approximately 0 or 110 mg/kg
bw per day for 12 weeks. Measurements of body weight, food consumption, and
efficiency of food use were performed weekly. After the 12-week period, urine from
three rats of each sex per group was examined for the presence of sugar and
albumin, and blood concentration of haemoglobin was determined. The animals
were subjected to gross necropsy and complete histopathological examinations of
the liver and kidneys. No adverse effects were reported in the treated rats with
respect to general health and behaviour, growth, body weight, food consumption
and efficiency of food use. At necropsy, gross examination did not reveal any significant differences in absolute and relative liver and kidney weights between
treated and control animals. No treatment-related effects on clinical parameters
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(i.e. haematology and urine analysis) were reported. On the basis of these results,
the author concluded that dihydrocoumarin was not the component responsible for
the depression in efficiency of food use observed in the previous study (Trubek,
1957, 1958).
6-Methylcoumarin (No. 1172)
Mice
Groups of 10 male and 10 female B6C3F1 mice were given 6-methylcoumarin
by gavage for 13 weeks at a dose of 0, 50, 100, 200, 400, or 800 mg/kg bw per
day. The mice were observed twice daily for signs of toxicity, moribundity, and mortality. General health and body-weight measurements were recorded weekly. At
study termination, clinical tests were conducted on all surviving mice. All mice were
subjected to gross necropsy and histopathological examinations. Three mice at
800 mg/kg bw and one mouse at 400 mg/kg bw died during the course of the study.
The final mean body and organ weights of all treated mice were similar to those
of the controls. No toxicologically significant changes were reported in the clinical,
macroscopic and microscopic examinations of male or female mice at any dose.
Prostration, bradycardia, bradypnoea, hypoactivity, hypothermia, and the loss of
the grasping reflex were reported at 800 mg/kg bw per day. No such effects were
reported in any other group (National Toxicology Program, 2002).
Rats
Groups of 10 male and 10 female rats were given 6-methylcoumarin by gavage
at a dose of 0, 75, 150, 300, 600, or 1200 mg/kg bw per day for 13 weeks. The
rats were observed twice daily for signs of toxicity, morbundity, and mortality. Individual body weights were recorded weekly. At study termination, clinical tests were
conducted on all surviving rats. All rats were subjected to gross necropsy and
histopathological examination. All rats at 1200 mg/kg bw per day and one male at
600 mg/kg bw per day died during week 1 of the study. A statistically significant
decrease (p < 0.05) in mean body-weight gain was reported in males and females
at 600 mg/kg bw per day when compared with controls at week 13 of the study,
whereas only a slight decrease was reported in males at 300 mg/kg bw per day.
Clinical effects, including hypoactivity, lacrimation, ataxia, impaired righting reflex
and decreased limb tone, were reported in both sexes at 600 and 1200 mg/kg bw
per day. No changes related to treatment with 6-methylcoumarin were reported in
haematological, serum biochemical, or urine analysis parameters for rats at any
dose. Although a significant decrease in serum cholinesterase activity was
reported in females at 300 and 600 mg/kg bw per day, possible clinical effects of
the decrease (i.e. ataxia) were observed only at 600 and 1200 mg/kg bw per day.
Necropsy of all animals in the group receiving the highest dose revealed microscopic lesions that varied in the degree of congestion, degeneration, necrosis and
hepatitis. Increased mean absolute and relative liver weights were reported in
males and females at 300 and 600 mg/kg bw per day; however, these changes
were not accompanied by any treatment-related macroscopic observations.
No treatment-related effects were reported at 150 mg/kg bw per day (National
Toxicology Program, 2002).
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Groups of 10 male and 10 female weanling Osborne-Mendel rats were fed diets
containing 6-methylcoumarin at a concentration of 0, 1000 or 10 000 ppm for 14
weeks (Hagan et al., 1967). These dietary concentrations were calculated to
provide average daily intakes of 0, 100 and 1000 mg/kg bw, respectively (Food &
Drug Administration, 1993). No significant differences in general health and behaviour were reported in the treated animals when compared with the controls. Weekly
measurements of body weight and food consumption revealed no significant difference between treated and control groups. Haematological examinations performed at study termination showed no treatment-related effects in any of the
animals. No effects on organ weights, or macroscopic or microscopic changes in
the tissues were reported at any dose (Hagan et al., 1967).
The mechanism of hepatotoxicity of coumarin and related coumarin derivatives,
including 6-methylcoumarin, has been studied in rats. For 13 weeks, groups of
male Sprague-Dawley rats were fed diets containing 0, 0.5 or 0.75% coumarin
(corresponding to an average daily intake of 0, 395 or 535 mg/kg bw, respectively)
or 0.82% 6-methylcoumarin4 (corresponding to 695 mg/kg bw). At the end of the
13-week study period, the rats were killed and livers were excised for biochemical and morphological examination. Although relative liver weights and activities
of g-glutamyl transferase were increased for all treated groups, only animals
treated with coumarin exhibited significant dose-related increases in the activities
of the plasma aminotransferases alanine transferase (ALT) and aspartate transferase (AST) when compared with the controls. Histopathological examination of
animals treated with coumarin revealed vacuolation of centrilobular hepatocytes,
bile duct hyperplasia, and cholangiofibrosis, particularly in rats given the diet containing 0.75% coumarin. No increase in plasma activities of aminotransferase and
no bile duct hyperplasia or cholangiofibrosis were observed in animals maintained
on the diet containing 6-methylcoumarin; however, a slight vacuolation of hepatocytes was observed in three out of eight treated animals. Unlike coumarin, treatment with 6-methylcoumarin increased the activity of mixed function oxidase (i.e.
7-ethoxycoumarin O-deethylase activity). 6-Methylcoumarin did not markedly
affect the activities of carnitine acetyltransferase and palmitoyl-CoA oxidation, indicating that 6-methylcoumarin is unlikely to be a rodent liver peroxisome proliferator (Lake et al., 1994).
Dogs
In a study with limitations, groups of two dogs received 6-methylcoumarin in
gelatin capsules at a dose of 200 mg/kg bw per day for 2 or 4 weeks. There were
no outward clinical signs of toxicity reported in any of the animals during the study.
At necropsy, macroscopic and microscopic examination of major organs, including the liver, revealed no morphological or histological changes attributable to treatment with 6-methylcoumarin (Levenstein, 1954).

4
Diets containing 0.82% 6-methylcoumarin and 0.75% coumarin contain equimolar
amounts of the two substances.
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Long-term studies of toxicity and carcinogenicity
Dihydrocoumarin (No. 1171)

Mice
Groups of 10 male and 10 female B6C3F1 mice received dihydrocoumarin (3,4dihydrocoumarin) in corn oil by gavage at a dose of 0, 100, 200, 400, 800, or 1600
mg/kg bw, once daily, 5 days per week for 13 weeks. The animals were observed
twice daily for mortality. General health, body weight and clinical observations were
recorded weekly. In addition, the mice were palpated once weekly to detect
masses. At the end of the study, necropsies were performed on all animals. Major
organs including the brain, lungs, heart, liver and kidneys were weighed. Clinical
pathology was conducted on all surviving mice at necropsy. Complete histopathologic examinations were performed on all control animals, animals receiving dihydrocoumarin at 1600 mg/kg bw per day and all animals that died before the end of
the study. Tissue sections from select organs, including the liver and kidneys, were
removed, fixed and stained for microscopic examination. Eight males and five
females receiving dihydrocoumarin at 1600 mg/kg bw per day died within the first
5 weeks of the study. The deaths of two males in the control group and in the
group receiving a dose of 100 mg/kg bw per day were attributed to dosing accidents. The body-weight gain of males and females at all doses was similar to that
of the controls, with the exception of the two surviving males at 1600 mg/kg bw per
day that exhibited a significant decrease (p £ 0.05) in body-weight gain. Significant increases in absolute (p £ 0.05) and relative (p £ 0.01) liver weights and relative (p £ 0.05) kidney weights were also reported in these two surviving males.
The absolute (p £ 0.01) and relative (p £ 0.01) liver weights of the five surviving
females at 1600 mg/kg bw per day and the absolute (p £ 0.01) liver weights of the
females at 800 mg/kg bw per day were significantly greater than those of the controls. No gross or microscopic lesions were observed in either sex at any dose.
The NOEL for dihydrocoumarin was 800 and 400 mg/kg bw per day in male and
female B6C3F1 mice respectively (National Toxicology Program, 1993).
In a study of carcinogenicity with dihydrocoumarin, groups of 70 male and 70
female B6C3F1 mice received dihydrocoumarin in corn oil by gavage at a dose of
0, 200, 400 or 800 mg/kg bw per day, 5 days per week for 2 years (National Toxicology Program, 1993). The animals were observed twice daily for mortality and
morbidity. Body weights and clinical findings were recorded weekly for the first 13
weeks, and monthly thereafter. At the end of the study, necropsy was performed
on all animals. No significant difference in survival rates, final mean body weights
or clinical findings was reported in the treated animals when compared with the
controls. There were also no biologically significant effects on haematological or
clinical chemistry parameters reported in any of the groups at an interim evaluation at 15 months.
The incidences of nephropathy, and renal tubule hyperplasia, adenomas and
carcinomas in males at all doses were not significantly different from those in controls (see Table 4). The combined incidence of renal tubule adenoma or carcinoma
in males (0/50 controls; 1/51 at 200 mg/kg bw; 2/51 at 400 mg/kg bw; 2/49 at
800 mg/kg bw) was not considered to be treatment-related because of low
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Table 4. Incidences of renal neoplasms in male mice treated with
dihydrocoumarin by gavage for 2 years
Renal neoplasm

Nephropathy
Renal tubule hyperplasiaa
Renal tubule adenomaa
Renal tubule carcinomaa
Renal tubule adenoma
or carcinomaa

Dose (mg/kg bw)
0 (control)

200

400

800

45/50 (90%)
0/50 (0%)
0/50 (0%)
0/50 (0%)
0/50 (0%)

46/51 (90%)
1/51 (2%)
0/51 (0%)
1/51 (2%)
1/51 (2%)

45/51 (88%)
3/51 (6%)
2/51 (4%)
0/51 (0%)
2/51 (4%)

43/49 (88%)
1/49 (2%)
1/49 (2%)
1/49 (2%)
2/49 (4%)

From National Toxicology Program (1993)
a
Combined examination of single and step sections of formalin-fixed kidney tissues

Table 5. Incidences of hepatocellular neoplasms in mice treated with
dihydrocoumarin by gavage for 2 years
Hepatic neoplasm

Dose (mg/kg bw)
0 (control)

200

400

800

Male
Hepatocellular adenoma
Hepatocellular carcinoma
Hepatoblastoma
Combined ratesa

29/50 (58%)
11/50 (22%)
0/50 (0%)
36/50 (72%)

23/51 (45%)
11/51 (22%)
0/51 (0%)
30/51 (59%)

36/51 (71%)
11/51 (22%)
0/51 (0%)
40/51 (78%)

31/50 (62%)
6/50 (12%)
2/50 (4%)
34/50 (68%)

Female
Hepatocellular adenoma
Hepatocellular carcinoma
Combined ratesb

10/51 (20%)
3/51 (6%)
13/51 (25%)

20/50 (40%)
2/50 (4%)
21/50 (42%)

22/50 (44%)
4/50 (8%)
25/50 (50%)

20/52 (38%)
6/52 (12%)
24/52 (46%)

From National Toxicology Program (1993)
a
Historical incidence for 2-year studies of administration in corn oil by gavage with vehicle
control groups (mean ± standard deviation, 370/901 (41.1% ± 15.5%); range, 14–72%.
Includes adenoma, carcinoma, or hepatoblastoma (combined)
b
Historical incidence: 129/898 (14.4% ± 8.1%); range, 2–34%. Includes adenoma or
carcinoma (combined)

incidence and the lack of a dose–response relationship. No neoplasms of the
kidney were reported in either treated or control female mice.
Neoplastic and non-neoplastic lesions associated with treatment with dihydrocoumarin developed principally in the liver in mice (see Table 5). There was an
increase in the incidence of hepatocellular adenomas and combined hepatocellular adenomas and carcinomas in treated female mice. compared with that of the
control group; however, the incidence of these neoplasms was not dose-related.
The number of treated females with multiple hepatocellular adenomas was
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increased. The increased incidence of neoplasms in females was not considered
to be clear evidence of a carcinogenic response. In general, the incidence of hepatocellular neoplasms in treated and control males was greater than in treated and
control females, indicating the increased susceptibility of the male mouse liver to
neoplastic changes. However, the incidences of hepatocellular adenomas in
treated male mice were not significantly different from the control group. The
number of males with multiple hepatocellular adenomas was moderately increased
in the groups given 400 and 800 mg/kg bw. In addition, no increased incidence of
malignant liver neoplasms was observed in treated males at any dose.
The incidence of alveolar/bronchiolar adenoma in male mice was increased at
200 and 400 mg/kg bw per day. This was not considered to be related to treatment
as the increase was slight and there was no dose–response relationship.
The National Toxicology Program report concluded: “There was no evidence
of carcinogenic activity of 3,4-dihydrocoumarin in male B6C3F1 mice receiving 200,
400, or 800 mg/kg. There was some evidence of carcinogenic activity in female
B6C3F1 mice based on increased incidences of hepatocellular adenoma, and
hepatocellular adenoma and carcinoma (combined).”
The primary neoplastic effects observed in mice treated by gavage in the 2year study by National Toxicology Program were associated with the liver. The high
incidence of hepatocellular adenomas and carcinomas in both control and treated
groups of males and females demonstrate the sensitivity of the B6C3F1 mouse
liver to neoplastic changes. The high incidences of hepatocellular adenoma in
treated and control males were not significantly different. The incidence of adenomas in male controls was higher than in any group of treated females, demonstrating the heightened sensitivity of the male mouse liver. Although the incidence
of hepatocellular adenomas and combined hepatocellular adenomas and carcinomas in all groups of treated females was greater than in the control group, the
response was not related to dose. The incidence of hepatocellular neoplasms in
treated males was not significantly different from that in the controls, but the incidence of hepatocellular neoplasms was higher in both these groups than than in
the groups of treated and control females. The profile of neoplastic responses is
consistent with the historically high background incidence of hepatocellular neoplasms in male and female B6C3F1 mice (Maronpot et al., 1987).
A recent analysis of the historical spontaneous incidence of liver neoplasms in
control male and female B6C3F1 mice has revealed background incidences of liver
adenoma/carcinomas of 42.2% for males and 23.6% for females (Haseman et al.,
1998). Increasing rates of incidence of liver tumours are strongly correlated with
increasing mean body weights in control and test mice, achieved by changing the
National Toxicology Program protocol to use individual rather than group housing
(Haseman et al., 1994). Treated males and females housed individually attained
mean body weights of >50 and >49 g, respectively, from weeks 53 to 103 of the
study. Analysis of the effect of body weight on the incidence of liver neoplasms for
control mice in the National Toxicology Program database revealed that in males
with mean body weights of >49 g the incidence of liver tumours was 54% among
controls for feeding studies and 62% among controls for inhalation studies. The
incidence of liver tumours was 35% among females with mean body weights of
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>49 g in the control groups for both feeding studies and inhalation studies. In addition, other factors such as administration of corn oil as the gavage vehicle and the
presence of Heliobacter hepaticus in males contribute to the high background incidence of this type of neoplasm in both sexes of mice (Haseman et al., 1998).
The Committee concluded that observations of hepatic neoplasms in mice in
the National Toxicology Program bioassay are not relevant to the safety of dihydrocoumarin in humans at low levels of intake from use as a flavouring agent. This
conclusion is based on the high incidence of spontaneous hepatocellular neoplasms (adenomas and carcinomas) in B6C3F1 mice, which is related to bodyweight changes, use of corn oil as the gavage vehicle, and the presence of
Heliobacter hepaticus, the absence of consistent data on the dose–response relationship, the lack of hepatocellular neoplastic effects in the parallel study in rats
(discussed below), and the relatively high doses administered that are 1000–
10 000 times greater than the intake of 24 mg/kg bw per day in Europe and
19 mg/kg bw per day in the USA from use of dihydrocoumarin as a flavouring
agent (see Table 1). On the basis of what is known about the metabolism of structurally-related substances, humans may metabolize low intakes of dihydrocoumarin via a different principal pathway (i.e. b-oxidation and cleavage) than that
(i.e. b-hydroxylation) used by rodents at high intakes (Samuelson et al., 1986).
Rats
Groups of 10 male and 10 female Fischer 344/N rats received dihydrocoumarin
in corn oil by gavage at a dose of 0, 75, 150, 300, 600 or 1200 mg/kg bw, once
daily, 5 days per week for 13 weeks. The animals were observed twice daily for
mortality. General health, body weight and observations for clinical signs of toxicity were recorded weekly. In addition, the rats were palpated for masses once per
week. At the end of the study, necropsies were performed on all animals, and major
organs, including the brain, lungs, heart, liver and kidneys, were examined and
weighed. Clinical tests for pathology were conducted on all surviving rats at
necropsy. Complete histopathologic examinations were performed on all control
animals, on animals receiving the highest dose (1200 mg/kg bw per day) and on
all animals that died before the end of the study. Tissue sections from selected
organs, including the liver and kidneys, were removed, fixed and stained for microscopic examination. Two males and five females at 1200 mg/kg bw per day died
during the course of the study. The death of one control male was attributed to a
dosing accident. The final mean body weight and body-weight gain of males in the
group receiving 1200 mg/kg bw per day were significantly (p £ 0.01) lower than
those of the controls. The mean body weights of all other treated males and
females were similar to or slightly greater than those of the controls. The significant differences in haematology (i.e. platelet and erythrocyte counts, haemoglobin
concentrations) reported between the treated and control animals were not considered to be clinically important because they were consistent with the anticoagulant effects of dihydrocoumarin. The biological significance of other reported
changes in enzymes and other constitutents in blood plasma at doses ≥300 mg/kg
bw could not be determined. The absolute and relative liver and kidney weights of
males and females at doses of 600 and 1200 mg/kg bw were significantly (p £ 0.01)
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greater than those of the controls. Centrilobular hepatocellular hypertrophy,
ranging in severity from minimal to mild, was reported in the liver of both sexes at
300, 600 and 1200 mg/kg bw. No adverse treatment-related effects were observed
in either males or females at doses of 75 and 150 mg/kg bw. On the basis of these
results, the NOEL for dihydrocoumarin was 150 mg/kg bw per day in Fischer 344/N
rats (National Toxicology Program, 1993).
In a study of carcinogenicity conducted by the National Toxicology Program,
groups of 60 male and 60 female Fischer 344/N rats received dihydrocoumarin in
corn oil by gavage 5 days per week for 2 years, providing a dose of 0, 150, 300,
or 600 mg/kg bw. The animals were observed twice daily for mortality and morbidity. Body weights and clinical findings were recorded weekly for the first 13 weeks,
and monthly thereafter. Evaluations of haematology and clinical chemistry parameters were performed at a 15-month interim evaluation. At necropsy, all tissues
and organs were examined for gross lesions and all major tissues were fixed and
stained for microscopic evaluation. A significant dose-related decrease in the survival of males was reported (27/60 at 0 mg/kg; 12/60 at 150 mg/kg; 8/60 at
300 mg/kg; 2/60 at 600 mg/kg) with the majority of deaths occurring after week 92.
The decreased survival was attributed to progressive degenerative nephropathy
leading to renal failure. Typically, the severity of nephropathy increased with dose.
After week 6, the mean body-weight gain of the males at the highest dose was
5–10% lower than that of the control animals (National Toxicology Program, 1993).
In a related stop-exposure evaluation, groups of male Fischer 344/N rats were
given dihydrocoumarin in corn oil by gavage at a dose of 600 mg/kg bw per day
for 9 or 15 months, followed by corn oil only until the end of the study. After 9 and
15 months, half the animals were necropsied, while the remainder received corn
oil until death or the end of the study. The severity of nephropathy in the stopexposure group was significantly greater than that of the animals sacrificed at 9
or 15 months. This indicates that this form of nephropathy is a progressive degenerative disease associated with the ageing process in rats. Any chemically-related
nephropathy observed is probably irreversible, especially in Fischer 344/N males.
No significant change in survival rates, mean body weights or clinical findings
related to treatment with dihydrocoumarin was reported in treated females at any
dose.
Haematology and clinical chemistry performed at the 15-month interim evaluation revealed statistically significant increased serum activities of alanine aminotransferase (ALT), alkaline phosphatase (ALP), sorbitol dehydrogenase, or
g-glutamyl transferase (GGT) in males at 300 and 600 mg/kg bw per day. Increased
activities of ALP and GGT were reported for female rats at 600 mg/kg bw per day.
Although significant changes in the activity of hepatic enzymes are normally associated with altered liver function, the increases in ALT, ALP, and GGT activites were
not accompanied by histopathological evidence of hepatocellular degeneration or
necrosis.
Nephropathy was reported in both sexes of control and treated rats (see Table
6). Although the incidence of nephropathy was greater in males than in females,
there was no significant difference between treated and control males. The greater
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Table 6. Incidences of renal neoplasms in rats treated with dihydrocoumarin
by gavage for 2 years
Incidence/no. of animals in group (%)
0 mg/kg
(control)

150
mg/kg bw

300
mg/kg bw

600
mg/kg bw

Male
Nephropathy
Renal tubule hyperplasiac
Renal tubule adenomac

50/50 (100%)
0/50 (0%)
1/50 (2%)

47/48 (98%)
5/48 (10%)a
1/48 (2%)

47/47 (100%)
6/47 (13%)a
3/47 (6%)

47/50 (94%)
8/50 (16%)b
6/50 (12%)a

Female
Nephropathy
Renal tubule hyperplasiaa
Renal tubule adenomaa

20/50 (40%)
0/50 (0%)
1/50 (2%)

20/49 (41%)
0/49 (0%)
1/49 (2%)

37/49 (76%)b
0/49 (0%)
1/49 (2%)

31/49 (63%)b
2/49 (4%)
0/49 (0%)

From National Toxicology Program (1993)
a
Significantly (p < 0.05) different from control group by the logistics regression test
(2-year study)
b
Significantly (p < 0.01) different from control group
c
Combined single and step sections

susceptibility of the male rat to chronic nephropathy made it vulnerable to chemical toxicity as the study progressed. Microscopic examination of combined single
and step sections of the kidneys of male rats revealed a statistically significant,
dose-related increase in renal tubule hyperplasia (control, 0/50; 150 mg/kg, 5/48;
300 mg/kg, 6/47; 600 mg/kg, 8/50). Only in males treated with 600 mg/kg bw was
there a significant (p < 0.05) difference in the incidence of renal tubule adenomas
when compared with the control group. Although the total incidence of renal tubule
adenomas (10/145) in all groups of treated males was significantly greater than
the incidence of neoplasms in historical controls (8/1019), the results were not considered to be clear evidence of carcinogenicity because there was no evidence of
malignant renal tubule neoplasms in males at any dose. Although renal transitional
cell carcinomas were reported in two males that died early in the study (i.e. at days
444 and 528) at 600 mg/kg bw, no evidence of transitional cell carcinomas was
found in the majority (86%) of males surviving longer than 528 days. In addition,
step-sections showed no evidence for a treatment-related response of the renal
transitional cells in the kidneys of males. No significant difference in the incidence
of renal tubule hyperplasia or renal tubule adenoma was observed between control
and treated groups of females.
Unlike the treated male rats in the 2-year bioassay by the National Toxicology
Program, the treated female rats that exhibited increased nephropathy at 300 and
600 mg/kg bw did not exhibit an increased incidence of renal tubule hyperplasia or
renal tubule neoplasms. The incidences of renal tubule hyperplasia and neoplasms
in male mice were not dose-related or statistically significant when compared with
those of the controls. In addition, no renal histopathology was observed in studies
in rats fed with dihydrocoumarin at doses of up to 500 mg/kg bw per day for 14
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weeks, nor in a study in dogs fed with dihydrocoumarin at doses of up to 150 mg
/kg bw per day for 2 years (Trubek, 1957, 1958; Hagan et al., 1967). Therefore,
the renal hyperplastic and neoplastic effects are sex- and species-specific and not
dose-related.
The National Toxicology Program report concluded that: “Under the conditions
of these 2-year gavage studies, there was some evidence of carcinogenic activity
of 3,4-dihydrocoumarin in male F344/N rats based on increased incidences of
renal tubule adenomas and focal hyperplasia. The transitional cell carcinomas
in two 600 mg/kg males may also have been chemical related. There was no
evidence of carcinogenic activity of 3,4-dihydrocoumarin in female F344/N rats
receiving 150, 300 or 600 mg/kg.”
The male rat kidney has been shown to be a unique target organ for the carcinogenic effects of a variety of chemical substances (Burdock et al., 1990; EPA,
1991). Analysis by researchers at the National Toxicology Program (Haseman et
al., 1998) has shown that the survival rates of Fischer 344 male rats used as controls have decreased significantly over the last decade, from 66% to <50%. One
of the major causes of death is severe nephropathy, which has been increasing in
incidence in more recent control groups (Haseman et al., 1994). On the basis of
this evidence, it can be concluded that the renal effects of dihydrocoumarin in the
male rat are, indeed, species- and sex-specific phenomena, and in all probability,
reflect the sensitivity of the male rat kidney to chronic progressive nephropathy,
focal hyperplasia, and specific tumourigenic responses. It is unclear whether the
incidence of transitional cell carcinomas reported in two male rats early in the study
is related to treatment with dihydrocoumarin at a dose of 600 mg/kg bw per day. It
was reported that older males showed no evidence of renal transitional cell
changes at any dose.
The interaction of test substances with spontaneous, age-related renal disease
in laboratory rats has recently been reviewed (Hard, 1998). On the basis of a comprehensive review of renal tumours of all types reported in bioassays performed
by the National Toxicology Program, it seems that the interaction of chemical
agents and spontaneous chronic progressive nephropathy occurs at two levels;
first, to exacerbate the rate of chronic progressive nephropathy, and second, to
stimulate tubule hyperplasia into foci of atypical hyperplasia eventually leading to
adenomas. The induction of tumours via this pathway normally produces a minimal
response in male rats, leading to a low incidence of tumours of relatively small
size and low grade. Such is the case with dihydrocoumarin.
A significant (p £ 0.01) increase in the incidence of forestomach ulcers in male
rats was reported at the end of the study, but not at the 15-month interim evaluation. Although an increased incidence of ulcers, squamous hyperplasia, and
chronic inflammation occurred in males at all doses, the effects were not doserelated. No significant forestomach effects were reported in female rats at any
dose. Two neoplasms (a squamous cell papilla and carcinoma) reported in female
rats at 600 mg/kg bw could not be attributed to treatment because of the low incidence of the neoplasms and of focal hyperplasia (National Toxicology Program,
1993).
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Dogs
Mongrel and beagle dogs were given capsules containing dihydrocoumarin at
a dose of 50 mg/kg bw (one male and one female) or 150 mg/kg bw (one female),
daily, six times a week, for 2 years with no treatment-related effects at either dose
(Hagan et al., 1967). The animals were weighed weekly. Haematological examinations were performed three times before the start of treatment and at 2 weeks,
1 month, 3 months, 6 months and 1 year after treatment and then at yearly intervals until termination. At necropsy, the major organs were weighed and a complete
histological examination was performed. All tissues were examined macroscopically and microscopically for treatment-related changes. No difference was
reported in body weight and growth of the treated animals when compared with
the controls. No treatment-related effects were reported in the macroscopic or
microscopic tissue examinations or haematological parameters at either dose. This
study is of limited value, however, owing to the lack of a control group, the small
number of test animals, and the composition of the test groups (Hagan et al.,
1967).
6-Methylcoumarin (No. 1172)
Rats
In a long-term study, groups of 10 male and 10 female Osborne-Mendel rats
were fed diets containing 6-methylcoumarin at a concentration of 500, 1000, 3500,
7500, or 15 000 ppm for 2 years (Hagan et al., 1967). Daily intake of 6-methylcoumarin was calculated to be approximately 25, 50, 175, 375, or 750 mg/kg bw,
respectively (Food & Drug Administration, 1993). Body weights, food intake, and
general condition were recorded weekly. Haematological examinations, undertaken at 3, 6, 12 and 22 months, included erythrocyte counts, haemoglobin counts
and erythrocyte volume fractions. At termination, the tissues of all rats were examined for macroscopic and microscopic changes. Depression in growth rates was
noted in males at 375 mg/kg bw per day. Depression of growth rate was severe in
males and moderate in females at a dose of 750 mg/kg bw. Hepatic effects in males
and females at this dose included fatty metamorphosis, very slight bile duct proliferation, and focal telangiectasis. No treatment-related effects were observed at
intakes up to and including 175 mg/kg bw per day in males and 375 mg/kg bw per
day in females (Hagan et al., 1967).
Dogs
Dogs (one male, one female) were given capsules containing 6-methylcoumarin at a dose of 50 mg/kg bw per day, 6 days per week for 2 years (Hagan
et al., 1967). The animals were weighed weekly. Haematological examinations
were performed before the start of treatment, at 2 weeks, 1, 3 and 6 months and
1 year after treatment and then at yearly intervals until termination. At necropsy,
the major organs were weighed and a complete histological examination was performed. All tissues were examined macroscopically and microscopically for treatment-related changes. No differences were reported in the body weight and growth
of the treated animals when compared with the controls. No treatment-related
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effects were reported in the macroscopic or microscopic tissue examinations or in
the evaluation of haematological parameters. Unfortunately, the small number of
test animals in this study limits its value (Hagan et al., 1967).
Table 7 summarizes the results of short-term and long-term studies of toxicity
and carcinogenicity.
(d)

Genotoxicity
(i)

In vitro

Testing for genotoxicity in vitro has been performed with five representative
members (Nos 1164, 1166, 1168, 1171 and 1172) of the group of alicyclic, alicyclicfused and aromatic-fused ring lactones used as flavouring agents (see Table 8).
Negative results were reported in the Ames assay when Salmonella
typhimurium strains (TA97, TA98, TA100, TA1535, TA1537 and TA1538) were incubated with 100 mg of (+/-)-(2,6,6-trimethyl-2-hydroxycyclohexylidene) acetic acid
g-lactone (No. 1164) per plate (Kinae et al., 1981), up to 5000 mg of octahydrocoumarin (No. 1166) per plate (Watanabe & Tukada, 1989), or up to 75 ml (88 950
mg)5 of dihydrocoumarin (No. 1171) per plate (Brusick, 1982b; Prival et al., 1982;
National Toxicology Program, 1993), with and without metabolic activation.
In a similar assay for reverse mutation, concentrations of up to 400 mg of 3propylidenephthalide (No. 1168) per plate yielded a mutagenic response in the
presence of metabolic activation in S. typhimurium strains TA97, TA98, TA100,
TA1535 and TA1537 (Zeiger et al., 1988). As the purity of the 3-propylidenephthalide sample was unknown, the authors could not conclusively determine
whether the mutagenic response was caused by the test material or by possible
contaminants present in the sample. These results in vitro have not been confirmed by a standard in vivo assay.
At concentrations of up to 3.6 mg of 6-methylcoumarin (No. 1172) per plate, a
slight but significant increase in the number of revertants of one strain of S.
typhimurium, TA100, was reported, but only in the presence of metabolic activation (Wild et al., 1983). Negative results were reported in four strains (TA98,
TA1535, TA1537, and TA1538) with or without metabolic activation (Wild et al.,
1983). In further assays for reverse mutation, 6-methylcoumarin yielded negative
results in S. typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538 at
concentrations of up to 5000 mg/plate, with or without metabolic activation (Brusick,
1982a; Haworth et al., 1983). On this basis, the marginally positive result in one
strain is considered to be an isolated incident, and cannot be used to conclusively
characterize the mutagenic potential of 6-methylcoumarin.
Negative results were reported in an assay for DNA repair in which (+/-)-(2,6,6trimethyl-2-hydroxycyclohexylidene) acetic acid g-lactone (No. 1164) was

5

Calculated based on specific gravity of dihydrocoumarin = 1.186 - 1.192 (Food and
Chemicals Codex, 1996).

3-Propylidenephthalide

Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
6-Methylcoumarin

6-Methylcoumarin

6-Methylcoumarin
6-Methylcoumarin
6-Methylcoumarin

1168

1171
1171
1171
1171
1172

1172

1172
1172
1172

F
F
F
M, F

Rat; M, F
Rat; M
Dog

Rat; M, F

Rat; M
Rat; M,
Rat; M,
Rat; M,
Mouse;

Rat; M, F

Rat; M, F
Rat; M, F
Rat; M, F

Dehydromenthofurolactone
Dehydromenthofurolactone
Sclareolide

1163
1163
1165

Species; sex

Rat; M, F

Flavouring agent

Short-term studies of toxicity
1161
Dihydromintlactone

No.

2/20
1/8
1/2

5/20

1/8
2/20
1/24
1/20
5/20

1/28

1/10
3/40
1/10

3/10

No. of test
groupsa/
no. per
groupb

Diet
Diet
Diet

Gavage

Diet
Diet
Diet
Diet
Gavage

Diet

Diet
Diet
Diet

Diet

Route of
administration

98
90
28

90

90
98
84
84
90

90

21
90
14

28

Duration
(days)

>1000c
>695c
>200c

150

15.5 (M)c
>27.8 (F)c
>100c
1.0
7.86 (M)d
7.94 (F)e
>5.42 (M)c
>6.55 (F)c
<580
>1000c
>5.58c
>110c
200

NOEL
(mg/kg bw
per day)

Posternak et al.
(1969)
Lake et al. (1994)
Hagan et al. (1967)
Trubek (1957)
Trubek (1958)
National Toxicology
Program (2002)
National Toxicology
Program (2002)
Hagan et al. (1967)
Lake et al. (1994)
Levenstein (1954)

Cormack et al.
(2000)
Becci (1986)
Voss (1985)
Terrill (1990)

Reference
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Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

6-Methylcoumarin

6-Methylcoumarin

1171

1171

1171

1172

1172

1/2

1/2
1/1
5/20

3/120

Diet

Diet

Diet

Gavage

Gavage

Gavage

Gavage

Route of
administration

730

730

730

721

90

721

90

Duration
(days)

175 (M)
375 (F)
>50c

300 (M)
600 (F)
>150c

800 (M)
400 (F)
800 (M)
<200 (F)
150

NOEL
(mg/kg bw
per day)

Hagan et al. (1967)

Hagan et al. (1967)

National Toxicology
Program (1993)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
Hagan et al. (1967)

Reference

M, Male; F, Female; NR, Not reported
a
Total number of test groups does not include control animals
b
Total number per test group includes both male and female animals
c
Study performed with either a single dose or multiple doses that produced no adverse effect. The value is therefore not a true NOEL, but is the
highest dose tested that produced no adverse effects. The actual NOAEL may be higher
d
Average intake calculated based on food consumption for weeks 1 (8.19 mg/kg bw) and 2 (7.52 mg/kg bw)
e
Average intake calculated based on food consumption for weeks 1 (7.95 mg/kg bw) and 2 (7.92 mg/kg bw)

Dog; M, F

Rat; M, F

Dog; M, F

Rat; M, F

Rat; M, F

5/20

3/140

Mouse; M, F

Dihydrocoumarin

No. of test
groupsa/
no. per
groupb

1171

Species; sex

5/20

Flavouring agent

Long-term studies of toxicity and carcinogenicity
1171
Dihydrocoumarin
Mouse; M, F

No.

Table 7. (contd)
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Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

1171

1171

1171

Forward mutation

Forward mutation

Forward mutation

Forward mutation

200–500 nl/ml
(237–593 mg/ml)c
400–800 nl/ml
(474–949 mg/ml)c
£2500 nl/ml
(2965 mg/ml)c
£2500 nl/ml
(2965 mg/ml)c

Cifone (1982b)
Cifone (1984)
Cifone (1984)

Weakly
positivee
Negativegf
Positivee
Negativeg

Cifone (1982b)

Prival et al. (1982)

Negativea,d

1171

Reverse mutation

£10 mg/plate
(£10 000 mg/plate)

Dihydrocoumarin

National Toxicology
Program (1993)

Negativea

1171

Reverse mutation

10–6666 mg/plate

Dihydrocoumarin

1171

Brusick (1982b)

Negativea

3.3–400 mg/plate

Positivea,b,f

£75 ml/plate
(88 950 mg/plate)c

Dihydrocoumarin

1171

Reverse mutation

Reverse mutation

3-Propylidenephthalide

1168

Watanabe and
Tukada (1989)
Zeiger et al. (1988)

£5000 mg/plate

Negativea,b

S. typhimurium
TA98 and TA100
S. typhimurium
TA98, TA100, TA1535,
TA97, and TA1537
S. typhimurium
TA1535, TA1537, TA1538,
TA98, and TA100
S. typhimurium
TA98, TA100, TA1535
and TA1537
S. typhimurium
and TA98, TA100,
TA1535, TA1537
Mouse lymphoma
L5178Y TK +/- cells
Mouse lymphoma
L5178Y TK +/- cells
Mouse lymphoma
L5178Y TK +/- cells
Mouse lymphoma
L5178Y TK +/- cells

Reverse mutation

Kinae et al. (1981)

Reference

Kinae et al. (1981)

Negativea

Results

Negative

10 mg/disk
(10 000 mg/disk)

B. subtilis H-17 (rec+) and
M-45 (rec-)

DNA repair

Dose or
concentration

100 mg/plate

Test object

S. typhimurium TA98,
TA100, and TA1537

End-point

Reverse mutation

Flavouring agent

In vitro
1164 (+/-)-(2,6,6-Trimethyl-2hydroxycyclohexylidene)
acetic acid g-lactone
1164 (+/-)-(2,6,6-Trimethyl-2hydroxycyclohexylidene)
acetic acid g-lactone
1166 Octahydrocoumarin

No.
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Reverse mutation

Reverse mutation

Reverse mutation

Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

Dihydrocoumarin

6-Methylcoumarin

6-Methylcoumarin

6-Methylcoumarin

1171

1171

1171

1171

1171

1171

1172

1172

1172

1172` 6-Methylcoumarin

1172

6-Methylcoumarin

Reverse mutation

Dihydrocoumarin

1171

Unscheduled
DNA synthesis
Chromosomal
aberrations
Chromosomal
aberrations
Chromosomal
aberrations
Chromosomal
aberrations
Sister chromatid
exchanges
Sister chromatid
exchanges
Sister chromatid
exchanges
Reverse mutation

Dihydrocoumarin

1171

End-point

Flavouring agent

No.

Table 8. (contd)

Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster ovary
cells
S. typhimurium
TA100
S. typhimurium
TA100
S. typhimurium
TA98, TA1535, TA1537,
and TA1538
S. typhimurium
TA98, TA100, TA1535,
and TA1537
S. typhimurium
TA98, TA100, TA1535,
TA1537 and TA1538

Rat hepatocytes

Test object

1–5000 mg/plate

33–3333 mg/plate

1600 and
2000 mg/ml
£3.6 mg/plate
(£3600 mg/plate)
£3.6 mg/plate
(£ 3600 mg/plate)
£3.6 mg/plate
(£3600 mg/plate)

50–1000 mg/ml

0.03–4.0 ml/ml
(35.6–4744 mg/ml)c
0.01–1.0 ml/ml
(11.9–1186 mg/ml)c
33.3–333 nl/ml
(39.5–395 mg/ml)c
500, 1000 and
1600 mg/ml
100, 160 and
500 mg/ml
50–300 mg/ml

Dose or
concentration

Galloway (1983)
Galloway (1983)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
National Toxicology
Program (1993)
Wild et al. (1983)

Negativee
Negativee
Negativee

Wild et al. (1983)
Wild et al. (1983)

Haworth et al.
(1983)
Brusick (1982a)

Marginally
positivee
Negative
Negativea

Negativea,b

Negativea

Positivee

Negativee

Positive

Negative

Curren (1986)

Reference

Negative

Results
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6-Methylcoumarin

6-Methylcoumarin

1172

1172

6-Methylcoumarin

1172

i

h

g

gf

f

e

d

c

b

Micronucleus
formation
Sex-linked
recessive lethal
mutation
Micronucleus
formation
Micronucleus
formation

Forward mutation

Forward mutation

End-point

Mouse peripheral blood
cells
Mouse bone-marrow cells

Mouse peripheral blood
cells
Drosophila melanogaster

Mouse lymphoma
L5178Y Tk +/- cells
Mouse lymphoma
L5178Y Tk +/- cells

Test object

160, 240, and
320 mg/kg

200 and 400 mg/kg

400, 800 and
1600 mg/kg bw
10 mmol/l
(1602 mg/ml)g

15.6–250 mg/ml

6.25–100 mg/ml

Dose or
concentration

National Toxicology
Program (1993)
Wild et al. (1983)

Equivocal (M)h Witt et al. (2000)
Negative (F)
Wild et al. (1983)
Negativei

Negative

Negative

Cifone (1982)

Cifone (1982)

Negativee
Negative

Reference

Results

With and without metabolic activation
Pre-incubation method
Calculated based on specific gravity of dihydrocoumarin = 1.186 - 1.192 (Food and Chemical Codex, 1996)
Plate incorporation method
With metabolic activation
A two-fold increase in revertants was reported at one concentration only
Without metabolic activation
Calculated based on the relative molecular weight of 6-methylcoumarin = 160.17
Although the statistical analysis yielded a positive trend test (p = 0.006), and the frequency of micronucleus formation was significantly elevated
above the control value (p = 0.0072), the result was concluded to be equivocal in male mice due to the very small increase in the frequency of
micronucleus normochromatic erythrocytes (NCE) observed (<0.5 per 1000 NCE)
Administered by intraperitoneal injection

6-Methylcoumarin

1172

a

6-Methylcoumarin

1172

In vivo
1171 Dihydrocoumarin

Flavouring agent

No.
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incubated with Bacillus subtillis strains (H17 and M45) at concentrations of up to
10 mg/disk (10 000 mg/disk) (Kinae et al., 1981).
Concentrations of dihydrocoumarin of up to 2500 nl/ml (2965 mg/ml) were
reported to be mutagenic in mouse lymphoma L5178Y Tk +/- cells only in the presence of metabolic activation (Cifone, 1982b, 1984). The authors did not consider
the positive results to be a conclusive determination of mutagenicity because
increases in mutant frequency were only detected at cytotoxic concentrations in
the presence of metabolic activation (Cifone, 1982b, 1984). It has since been
proven that non-physiological culture conditions, such as low pH and high osmolality, may produce positive results in similar assays in the absence of genotoxic
materials (Brusick, 1986). The effect of low pH has been observed mainly in the
presence of metabolic activation and is believed to be an effect of the acidic environment created by the S9 constituents produced at low pH (Cifone, 1985; Brusick,
1987). In similar assays, negative results were reported for dihydrocoumarin in
assays for forward mutation in mouse lymphoma L5178Y Tk +/- cells at concentrations of up to 2500 nl/ml (2965 mg/ml) in the absence of metabolic activation
(Cifone, 1982b, 1984). 6-Methylcoumarin was not mutagenic in mouse lymphoma
L5178Y Tk +/- cells at concentrations of up to 250 mg/ml, with or without metabolic
activation (Cifone, 1982a).
Dihydrocoumarin did not induce unscheduled DNA synthesis in rat hepatocytes
at concentrations of up to 4.0 ml/ml (4744 mg/ml) (Curren, 1986).
Dihydrocoumarin did not induce chromosomal aberrations in Chinese hamster
ovary (CHO) cells, at doses of up to 1600 mg/ml with metabolic activation and up
to 500 mg/ml without metabolic activation (Galloway, 1983; National Toxicology
Program, 1993). Dihydrocoumarin induced a dose-related increase in sister chromatid exchange in CHO cells at a concentration of up to 300 mg/ml, in the absence
of metabolic activation (National Toxicology Program, 1993). In the presence of
metabolic activation, a significant increase in sister chromatid exchange was
observed in CHO cells only at the two highest dihydrocoumarin doses tested (1600
and 2000 mg/ml). However, cytotoxicity was clearly evident at a dose of 2000 mg/ml
(National Toxicology Program, 1993). The isolated positive results from assays for
cytogenetic indicator sister chromatid exchange in CHO cells are clearly outweighed by the overwhelming negative evidence from the studies of chromosomal
aberration in the same cell type.
(ii)

In vivo

The genotoxic potential of 6-methylcoumarin was studied in a Basc test for
induction of sex-linked recessive lethal mutations in adult Drosophila melanogaster
(Wild et al., 1983). The observed frequency of mutation was not increased when
a 10 mmol/l (1602 mg/ml)6 solution of 6-methylcoumarin was fed to the flies for 3
days.

6

Calculated based on the relative molecular mass of 6-methylcoumarin = 160.17.
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No significant increase in the frequency of micronucleated erythrocytes was
reported in peripheral blood samples obtained from male and female B6C3F1 mice
after 13 weeks of treatment with dihydrocoumarin at doses of up to 1600 mg/kg
bw per day (National Toxicology Program, 1993). A test for micronucleus formation in peripheral blood from B6C3F1 mice given 6-methylcoumarin at a dose of
200 or 400 mg/kg bw per day was reported to produce negative results in females
and equivocal results in males, owing to the very small increase in the frequency
of micronucleus normochromatic erythrocytes (NCE) observed (<0.5 increase per
1000 NCE) (Witt et al., 2000). In a similar study, groups of NMRI mice given 6methylcoumarin intraperitoneally at a dose of 160, 240 or 320 mg/kg bw showed
no increase in micronucleated erythrocytes in samples of bone marrow, 30 h after
treatment (Wild et al., 1983).
Discussion of genotoxicity data
Alicyclic, alicyclic-fused and aromatic-fused ring lactones used as flavouring
agents are not mutagenic in vitro in the Ames or DNA repair assays. In the assay
in mouse lymphoma cells, positive results obtained only in the presence of metabolic activation from S9 could be explained as a well-known artefact of the presence of S9. The negative results obtained at the same concentrations in the
absence of metabolic activation support this possibility. The predominance of negative results for dihydrocoumarin in CHO cells in vitro and in assays in vivo suggests a lack of genotoxicity. Taking into account the above results and the fact that
these substances are rapidly metabolized in vivo to compounds of lower toxicological potential, it is concluded that the alicyclic, alicyclic-fused and aromatic-fused
ring lactones used as flavouring agents exhibit low genotoxic potentials.

3.
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The Committee evaluated a group of 26 a,b-unsaturated flavouring agents (see
Table 1) by the Procedure for the Safety Evaluation of Flavouring Agents (see
Figure 1, Introduction). This group included 12 dienals (Nos 1173, 1175, 1179,
– 235 –
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1181, 1182, 1185–1187, 1190, 1195–1197), a trienal (No. 1198), five dienols (Nos
1174, 1180, 1183, 1184 and 1189), a dienoic acid (No. 1176) and seven related
esters (Nos 1177, 1178, 1188, 1191–1194), all of which contain unsaturation in the
2,3-position and some of which contain saturation in the 4,5-position. The Committee had evaluated one member of the group, (E,E)-2,4-hexadienoic acid (No.
1176, sorbic acid) in its capacity as an antimicrobial preservative at the seventeenth meeting (Annex 1, reference 32), when an ADI of 0–25 mg/kg bw per day
was established.
a,b-Unsaturated aldehydes are formed endogenously by lipid peroxidation
of polyunsaturated fatty acids (Frankel et al., 1987) or can be consumed as
naturally-occurring constituents of food (Stofberg & Grundschober, 1987; Maarse
et al., 1999), and are only consumed to a minor extent as added flavouring agents.
Twenty-one of the 26 flavouring agents in this group of flavouring agents have
been reported to occur naturally in food. They have been detected in apples,
grapes, broccoli, roast chicken, tea and beer (Maarse et al., 1999).
1.2

Estimated daily intake

The total annual volume of production of the 26 flavouring agents in this group
is approximately 1000 kg in Europe (International Organization of the Flavour
Industry, 1995) and 1500 kg in the USA (National Academy of Sciences, 1982;
Lucas et al., 1999). Approximately 50–60% of the total annual volume of production of the aliphatic linear dienals in Europe and the USA is accounted for by 2trans,4-trans-decadienal (No. 1190). The estimated combined per capita daily
intake of the 12 dienals is approximately 40 mg in Europe and 120 mg in the USA,
and the per capita daily intake of 2-trans,4-trans-decadienal is approximately 20
mg in Europe and 70 mg in the USA. The per capita intakes of all the other flavouring agents in the group are in the range of 0.007–24 mg/day (National Academy of
Sciences, 1982; International Organization of the Flavour Industry, 1995; Lucas et
al., 1999), most values being at the lower end of this range. The daily per capita
intake of each agent in Europe and in the USA is reported in Table 1.
1.3

Absorption, distribution, metabolism and elimination

In general, aliphatic esters are hydrolysed rapidly to their component alcohols
and carboxylic acids by classes of enzymes known as carboxylesterases in the
intestinal mucosa. Once hydrolysed, the resulting aliphatic alcohols and carboxylic
acids are absorbed into the portal circulation. The unsaturated alcohols are oxidized successively to the corresponding aldehydes and carboxylic acids, which
participate in fundamental biochemical pathways, including the fatty acid pathway
and tricarboxylic acid cycle (Nelson & Cox, 2000).
It is anticipated that humans will metabolize dienals and trienals by oxidation
to the corresponding acids, which may undergo b-oxidative cleavage and complete metabolism via the tricarboxylic acid cycle. An alternate minor pathway may
involve conjugation of the unsaturated aldehyde to glutathione, followed by excretion as the mercapturic acid derivative.
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Under conditions of glutathione depletion and oxidative stress, and at high cellular concentrations, a,b-unsaturated aldehydes have been shown to form adducts
with DNA nucleotides, to cause cytohistopathology, and to induce apoptosis.
However, metabolic evidence indicates that low concentrations of a,b-unsaturated
aldehydes are safely metabolized in the high-capacity b-oxidation pathway or via
glutathione conjugation.
1.4

Application of the procedure for the safety evaluation of
flavouring agents

Step 1.

In applying the Procedure for the Safety Evaluation of Flavouring
Agents to the 26 flavouring agents in this group, the Committee
assigned all of them to structural class I (Cramer et al., 1978).

Step 2.

Thirteen flavouring agents (Nos 1176–1178, 1182, 1184, 1186–1188,
1191–1194, and 1197) in this group are expected to be metabolized to
innocuous products. The evaluation of these flavouring agents therefore proceeded via the A-side of the decision-tree. The a,b-unsaturated
2,4-dienals and alcohol precursors (Nos 1173–1175, 1179–1181, 1183,
1185, 1189, 1190, 1195, 1196, and 1198) cannot be predicted to be metabolized to innocuous products and the evaluation of these 13 flavouring agents therefore proceeded via the B-side of the decision-tree.

Step A3.

The estimated daily per capita intakes in Europe and the USA of the
13 flavouring agents in this group that are metabolized to innocuous
products (Nos 1176–1178, 1182, 1184, 1186–1188, 1191–1194, and
1197) are below the threshold for concern for class I (i.e. 1800 mg/day).
The Committee concluded that these substances would not be
expected to be of safety concern at their currently estimated levels of
intake as flavouring agents.

Step B3.

The estimated daily per capita intakes in Europe and the USA of the
remaining 13 flavouring agents in this group that cannot be predicted
to be metabolized to innocuous products are also below the threshold
of concern for structural class I (1800 mg/day). Accordingly, the evaluation of these 13 agents proceeded to step B4.

Step B4. The NOEL of 15 mg/kg bw per day for trans,trans-2,4-hexadienal
(No.1175) administered by gavage in a 14-week study in rats (National
Toxicology Program, 2001) provides an adequate margin of safety
(>100 000) in relation to the known levels of intake of this agent. This
NOEL is also appropriate for the structurally related agents 2,4pentadienal (No. 1173), 2,4-heptadienal (No. 1179), and trans,trans2,4-octadienal (No. 1181), because these agents are all dienals that
will undergo oxidation and subsequent metabolism via similar metabolic pathways. The NOEL for trans,trans-2,4-hexadienal is also appropriate for the structurally related (E,E)-2,4-hexadien-1-ol (No. 1174),
and (E,E)-2,4-octadien-1-ol (No. 1180) because these alcohols will be
oxidized to the corresponding aldehydes and subsequently undergo
metabolism in a similar manner to the dienals.
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The NOEL of 33.9 mg/kg bw per day for 2-trans,4-trans-decadienal (No.
1190), identified from a 14-week study in rats treated by gavage
(Damske et al., 1980), provides an adequate margin of safety (>10 000)
in relation to the known levels of intake of this agent. The NOEL for 2trans,4-trans-decadienal is also appropriate for the structurally related
substances 2,4-nonadien-1-ol (No. 1183), 2,4-nonadienal (No. 1185),
(E,E)-2,4-decadien-1-ol (No. 1189), 2,4-undecadienal (No. 1195) and
trans,trans-2,4-dodecadienal (No. 1196), because of their similar metabolic pathways.
For 2-trans-4-cis-7-cis-tridecatrienal (No. 1198), the NOEL of 33 mg/kg
bw per day identified from a 4-week study in rats (Edwards, 1973) provides an adequate margin of safety (>1 000 000) in relation to the
known levels of intake of this agent.
The Committee noted that 2,4-trans-hexadienal (No. 1175) induced
forestomach hyperplasia and squamous cell tumours in rats and mice
of each sex. This is a common finding in National Toxicology Program
bioassays in which a high concentration of an irritating material suspended in corn oil is delivered by gavage into the forestomach every
day for 2 years.
Trans,trans-2,4-hexadienal gave positive results in some tests for
genotoxicity in vitro, but was inactive in tests carried out in vivo. Thus,
this substance may be genotoxic under some conditions, but this is not
believed to be the basis for its effects in the rodent forestomach. There
was evidence of injury to the forestomach epithelium attributable to
exposure and this is believed to be the primary cause of the development of neoplasia. Mice and rats in the bioassays developed forestomach hyperplasia following corn oil gavage, and a low incidence of
adenomas was observed in mice, reflecting the sensitivity of the
forestomach to irritation. The forestomach was the only site of
increased neoplasia in treated animals.
An IARC Working Group concluded that when evaluating the relevance
for human cancer of the induction of forestomach tumours in rodents,
the experimental conditions of exposure should be considered. The
conditions of exposure during oral administration are unusual in that
physical effects may cause high local concentrations of test substances in the forestomach and prolonged exposure of the epithelium.
Agents that only produce tumours of the forestomach in rodents after
prolonged treatment, through non-DNA-reactive mechanisms, may be
of less concern to humans since human exposure to such agents
would need to surpass time-integrated dose thresholds in order to elicit
the carcinogenic response.
Therefore, the Committee concluded that the appearance of forestomach tumours in the 2-year bioassays in rodents treated by gavage in
which trans, trans-2,4-hexadienal was administered at a high concentration is of no toxicological relevance to humans.
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Table 1 summarizes the evaluations of the 26 a,b-unsaturated flavouring
agents in this group.
1.5

Consideration of combined intakes from use as flavouring agents

Although the flavouring agents evaluated in this group are not converted to a
common metabolite, they are subject to conjugation with reduced glutathione
(GSH). Accordingly, simultaneous consumption of the a,b-unsaturated aldehydes,
at sufficiently high concentrations, could theoretically deplete concentrations of
GSH, resulting in lipid peroxidation. However, under normal conditions, concentrations of intracellular replenishable GSH (approximately 1–10 mmol/l) are sufficient to detoxify the quantities of a,b-unsaturated aldehydes being ingested as
flavouring agents (Armstrong, 1987; 1991). Additionally, since the a,b-unsaturated
aldehydes provide similar flavouring characteristics, it is unlikely that all foods containing these flavouring agents would be consumed concurrently on a daily basis.
Therefore, at the levels of a,b-unsaturated aldehydes used as flavouring agents,
and in consideration of the constant replenishment of GSH by biosynthesis, the
Committee considered that the combined intake of these flavouring agents does
not present a safety concern.
The estimated current intake of (E,E)-2,4-hexadienoic acid (No. 1176, sorbic acid)
(0.1 mg/kg bw per day) from its use as a flavouring agent is below the individual ADI
(0–25 mg/kg bw) established previously by the Committee (Annex 1, reference 33).
1.6

Consideration of secondary components

Ten members of this group of flavouring agents (Nos 1179, 1180, 1183, 1185,
1189–1192, 1196 and 1198) have minimum assay values of <95%. Information on
the safety of the secondary components of these 10 compounds is summarized
in Annex 6 (Summary of the safety evaluation of secondary components of flavouring agents with minimum assay values of <95%). In all cases, the secondary components were expected to share the same metabolic fate as the primary flavouring
agents (Nos 1179, 1180, 1189, 1190 and 1196), or have metabolites that are substrates for the fatty acid cycle, which are subsequently excreted as carbon dioxide
and water (Nos 1183, 1185, 1191, 1192, and 1198). One of the secondary components of No. 1185 (2,4-nonadien-1-ol) was evaluated at the present meeting,
while two of the secondary components of No. 1190 (acetone and isopropanol)
were evaluated at the fifty-first meeting. None of the secondary components was
considered to present a safety concern at current levels of intake. The other secondary component of No. 1185 (2,4-nonen-1-ol) has not been previously evaluated; however, it is expected to be oxidized and completely metabolized in the fatty
acid cycle. On this basis, 2,4-nonen-1-ol was considered not to present a safety
concern at current intake levels.
1.7

Conclusions

The Committee retained the previously established ADI of 0–25 mg/kg bw for
(E,E)-2,4-hexadienoic acid (No. 1176). The Committee concluded that none of the
flavouring agents in this group would pose a safety concern at the currently esti-

1176

1177

1178

1182

1184

Methyl sorbate

Ethyl sorbate

2-trans,6-transOctadienal

2,6-Nonadien-1-ol

No.

(E,E)-2,4Hexadienoic acid

Structural class I

Flavouring agent

HO

O

H

O

689-89-4

110-44-1

7786-44-9

56767-18-1

O

O

2396-84-1

O

HO

O

CAS No. and structure

No
Europe: 2
USA: 1

No
Europe: 0.1
USA: 0.007

No
Europe: 59
USA: 3

No
Europe: 0.1
USA: ND

No
Europe: ND
USA: 6

NR

NR

NR

NR

NR

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note 2

See note1

See note 4

See note 4

See note 3

Comments

No safety
concern

No safety
concern

No safety
concern

No safety
concern

See
footnoted

Conclusion
based
on current
intake

Table 1. Summary of results of safety evaluations of aliphatic di- and trienals and related alcohols, acids and estersa,b
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No.

1186

1187

1188

1191

1192

1193

Flavouring agent

Nona-2-trans-6cis-dienal

2-trans-6-transNonadienal

(E,Z)-2,6-Nonadien1-ol acetate

Methyl (E)-2-(Z)-4decadienoate

Ethyl trans-2-cis-4decadienoate

Ethyl 2,4,7decatrienoate

Table 1. (contd)

O

O

O

O

O

O

O

H

O

557-48-2

4493-42-9

68555-65-7

17587-33-6

78417-28-4

O

3025-30-7

O

H

CAS No. and structure

No
Europe: ND
USA: 0.4

No
Europe: 34
USA: 3

No
Europe: ND
USA: 1

No
Europe: ND
USA: 18

No
Europe: ND
USA: 0.007

No
Europe: 7
USA: 24

NR

NR

NR

NR

NR

NR

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note 4

See note 4

See note 4

See note 4

See note 1

See note 1

Comments

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake
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No.

1194

1197

1173

1174

Flavouring agent

Propyl 2,4decadienoate

2-trans-6-cisDodecadienal

2,4-Pentadienal

(E,E)-2,4-Hexadien1-ol

Table 1. (contd)

O

H

O

111-28-4

H

764-40-9

21662-13-5

O

84788-08-9

HO

O

CAS No. and structure

No
Europe: ND
USA: 0.4

No
Europe: 0.1
USA: 0.2

No
Europe: 0.6
USA: 0.02

No
Europe: 0.9
USA: ND

Yes. The NOEL of 15 mg/kg bw per
day (National Toxicology Program,
2001) for the related substance
trans,trans-2,4-hexadienal is >1
million times the estimated daily intake
of (E,E)-2,4-hexadien-1-ol when used
as a flavouring agent.

Yes. The NOEL of 15 mg/kg body
weight per day (National Toxicology
Program, 2001) for the related
substance trans,trans-2,4-hexadienal
is >1 million times the estimated daily
intake of 2,4-pentadienal when used
as a flavouring agent.

NR

NR

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note 2

See note 1

See note1

See note 4

Comments

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake
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No.

1175

1179

1180

1181

Flavouring agent

trans,trans-2,4Hexadienal

2,4-Heptadienal

(E,E)-2,4-Octadien1-ol

trans,trans-2,4Octadienal

Table 1. (contd)

O

4313-03-5

30361-28-5

18409-20-6

H

H

HO

O

O

H

142-83-6

CAS No. and structure

No
Europe: 0.7
USA: 0.007

No
Europe: ND
USA: 18

No
Europe: 4
USA: 23

No
Europe: 1
USA: 0.1

Yes. The NOEL of 15 mg/kg bw per
day (National Toxicology Program,
2001) for the related substance
trans,trans-2,4-hexadienal is >1
million times the estimated daily intake
of trans,trans-2,4-octadienal when
used as a flavouring agent.

Yes. The NOEL of 15 mg/kg bw per
day (National Toxicology Program,
2001) for the related substance
trans,trans-2,4-hexadienal is >10 000
times the estimated daily intake of
(E,E)-2,4-octadien-1-ol when used as
a flavouring agent.

Yes. The NOEL of 15 mg/kg bw per
day (National Toxicology Program,
2001) for the related substance
trans,trans-2,4-hexadienal is >10 000
times the estimated daily intake of 2,4heptadienal when used as a flavouring
agent.

Yes. The NOEL of 15 mg/kg bw per
day (National Toxicology Program,
2001) is >100 000 times the
estimated daily intake of trans,trans2,4-hexadienal when used as a
flavouring agent.

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note1

See note 2

See note1

See note 1

Comments

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake

ALIPHATIC DI- AND TRIENALS AND ALCOHOLS, ACIDS AND ESTERS

243

No.

1183

1185

1189

Flavouring agent

2,4-Nonadien-1-ol

2,4-Nonadienal

(E,E)-2,4-Decadien1-ol

Table 1. (contd)

HO

O

HO

H

18409-21-7

6750-03-4

62488-56-6

CAS No. and structure

No
Europe: ND
USA: 26

No
Europe: 2
USA: 0.7

No
Europe: ND
USA: 26

Yes. The NOEL of 33.9 mg/kg bw per
day (Damske et al., 1980) for the
related substance 2-trans,4-transdecadienal is >10 000 times the
estimated daily intake of (E,E)-2,4decadien-1-ol when used as a
flavouring agent.

Yes. The NOEL of 33.9 mg/kg bw per
day for the related substance 2trans,4-trans-decadienal is >1 million
times the estimated daily intake of 2,4nonadienal when used as a flavouring
agent.

Yes. The NOEL of 33.9 mg/kg bw per
day (Damske et al., 1980) for the
related substance 2-trans,4-transdecadienal is >10 000 times the
estimated daily intake of 2,4-nonadien1-ol when used as a flavouring agent.

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note 2

See note 1

See note 2

Comments

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake
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No.

1190

1195

1196

Flavouring agent

2-trans,4-transDecadienal

2,4-Undecadienal

trans,trans-2,4Dodecadienal

Table 1. (contd)

O

H

H

O

O

H

21662-16-8

13162-46-4

25152-84-5

CAS No. and structure

No
Europe: 0.7
USA: 0.1

No
Europe: 4
USA: 0.4

No
Europe: 22
USA: 70

Yes. The NOEL of 33.9 mg/kg bw per
day (Damske et al., 1980) for the
related substance 2-trans,4-transdecadienal is >1 million times the
estimated daily intake of trans,trans2,4-dodecadienal when used as a
flavouring agent.

Yes. The NOEL of 33.9 mg/kg bw per
day (Damske et al., 1980) for the
related substance 2-trans,4-transdecadienal is >100 000 times the
estimated daily intake of 2,4undecadienal when used as a
flavouring agent.

Yes. The NOEL of 33.9 mg/kg bw per
day (Damske et al., 1980) for 2trans,4-trans-decadienal is >10 000
times the estimated daily intake of 2trans,4-trans-decadienal when used
as a flavouring agent.

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c

See note 1

See note 1

See note 1

Comments

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake
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1198

2-trans-4-cis-7-cisTridecatrienal

O

H

13552-96-0

CAS No. and structure

No
Europe: 0.3
USA: 0.009

Yes. The NOEL of 33 mg/kg bw per
day (Edwards, 1973) is >1 million
times the estimated daily intake of 2trans-4-cis-7-cis-tridecatrienal when
used as a flavouring agent

Step A3
Step A4
Does intake Is the flavouring agent or are its
exceed
metabolites endogenous?
threshold for
human
intake?c
See note 1

Comments

No safety
concern

Conclusion
based
on current
intake

Notes:
1
Oxidized to acids, which may undergo b-oxidative cleavage and complete ametabolism via the tricarboxylic acid cycle. Alternately, may
undergo glutathione conjugation and excretion as mercapturic acid derivatives
2
Oxidized to aldehydes and acids, which metabolize completely in the fatty acid b-oxidation pathway
3
Undergoes b-oxidative cleavage and complete metabolism via the tricarboxylic acid cycle
4
Hydrolysed to corresponding alcohols and acids, followed by complete metabolism in the fatty acid pathway or the tricarboxylic acid cycle

CAS: Chemical Abstract Service; ND: No intake data reported; NR: Not required for evaluation because consumption of the substances was
determined to be of no safety concern at step A3 of the decision-tree
a
Step 1: All of the flavouring agents in this group are in structural class I (Cramer et al., 1978)
b
Step 2: Thirteen flavouring agents (Nos 1176–1178, 1182, 1184, 1186–1188, 1191–1194, and 1197) in this group are expected to be
metabolized to innocuous products. The evaluation of these flavouring agents therefore proceeded via the A-side of the decision-tree. The a,bunsaturated dienals and related alcohols (Nos 1173–1175, 1179–1181, 1183, 1185, 1189, 1190, 1195, 1196, and 1198) in this group cannot be
predicted to be metabolized to innocuous products. The evaluation of these 13 flavouring agents therefore proceeded via the B-side of the
Procedure
c
The threshold for human intake for structural class I is 1800 mg per day. All intake values are expressed in mg per day. The combined per capita
intakes of flavouring agents in structural class I are 138 mg per day in Europe and 221 mg per day in the USA
d
An ADI of 0–25 mg/kg bw was established for (E,E)-2,4-hexadienoic acid by the Committee at its seventeenth meeting (Annex 1, reference 32),
and this was maintained at the present meeting. Use of the chemical as a flavouring agent is subsumed in the ADI

No.

Flavouring agent

Table 1. (contd)
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mated levels of intake. It was noted that other data on the toxicity and metabolism
of the flavouring agents in the group were consistent with the results of the safety
evaluation.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Explanation

This monograph summarizes the key data relevant to the safety evaluation of
26 aliphatic, alicyclic, linear a,b-unsaturated, di- and trienals and related alcohols,
acids and esters used as flavouring agents (see Table 1).
2.2

Additional considerations on intake

As shown in Table 2, 21 of the 26 substances in this group have been reported
to occur naturally in foods. Lower dienal homologues (C5 to C9) have been detected
in apples, grapes, broccoli, chicken, tea and beer (Maarse et al., 1999). Higher
homologues (>C9) have been detected in roasted products such as peanuts and
chicken (Maarse et al., 1999). In plants, aliphatic dienals are formed from polyunsaturated fatty acids by the action of lipooxygenases (Almosnino & Belin, 1991;
Andrianarison et al., 1991). Quantitative data on natural occurrence and consumption ratios have been reported for 2,4-pentadienal (No. 1173), trans,trans-2,4-hexadienal (No. 1175), 2,4-heptadienal (No. 1179), trans,trans-2,4-octadienal (No.
1181), 2,6-nonadien-1-ol (No. 1184), 2,4-nonadienal (No. 1185), nona-2-trans-6cis-dienal (No. 1186); 2-trans,4-trans-decadienal (No. 1190), ethyl trans-2-cis-4decadienoate (No. 1192), and 2,4-undecadienal (No. 1195) and demonstrate that
consumption of these agents occurs predominantly from traditional foods (i.e. consumption ratio >1) (Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987)
(see Table 2).
The dienal with the highest annual production volume, 2-trans,4-transdecadienal, is ubiquitous in the food supply. It has been identified in approximately
90 foods, primarily citrus fruit and fruit oils at concentrations of up to 500 ppm
(Maarse et al., 1999). The combined daily per capita intake for some foods and
essential oils derived from foods that contain high concentrations of 2-trans,4trans-decadienal was calculated to be approximately 354 mg/person per day (see
Table 3). The highest intake of 2-trans,4-trans-decadienal occurs from foods that
are high in fat, such as chicken (214 mg/person per day), butter (118 mg/person per
day) and potato chips (11 mg/person per day). The consumption ratio calculated
for 2-trans,4-trans-decadienal is approximately 63, indicating that exposure occurs
predominately from the consumption of traditional foods and essential oils (i.e. consumption ratio >1) (Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987;
Lucas et al., 1999; Maarse et al., 1999) (see Tables 2 and 3).
In addition to being found in food and flavourings, aliphatic linear 2-alkenals
such as 2-hexenal1 and 2,4-alkadienals such as 2-trans,4-trans-decadienal are
1

H
O

2-Hexenal.
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Table 2. Annual volumes of production of aliphatic, alicyclic, linear, a,bunsaturated, di- and trienals and related alcohols, acids and esters used as
flavouring agents in Europe and the USA
Flavouring agent (No.)

Intakeb (“eaters
only”)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

0.1
0.2

0.002
0.003

4

4

(E,E)-2,4-Hexadien-1-ol (1174)
Europe
ND
USAf
2

ND
0.4

ND
0.006

+

NA

trans,trans-2,4-Hexadienal (1175)
Europe
8
USA
1

1
0.1

0.02
0.002

1

1

(E,E)-2,4-Hexadienoic acid (1176)
Europe
ND
37
USAf,g

ND
6

ND
0.1

+

NA

Methyl sorbate (1177)
Europe
USA

0.8
ND

0.1
ND

0.002
ND

+

NA

Ethyl sorbate (1178)
Europe
USA

411
22

59
3

1
0.05

+

NA

2,4-Heptadienal (1179)
Europe
USA

25
177

4
23

0.06
0.4

872

5

(E,E)-2,4-Octadien-1-ol (1180)
Europe
ND
100
USAf

ND
18

ND
0.3

-

NA

trans,trans-2,4-Octadienal (1181)
Europeh
5
USA
0.05

0.7
0.007

0.01
0.0001

0.7

14

2-trans,6-trans-Octadienal (1182)
Europe
1
USA
0.05

0.1
0.007

0.002
0.0001

-

NA

2,4-Nonadien-1-ol (1183)
Europe
ND
USAf
150

ND
26

ND
0.4

+

NA

2,6-Nonadien-1-ol (1184)
16
Europe
USA
8

2
1

0.04
0.02

50

6

2,4-Pentadienal (1173)
Europe
USAe

Most recent
annual
volume (kg)a

1
0.9

Consumption
ratiod
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Table 2. (contd)
Flavouring agent (No.)

Intakeb (“eaters
only”)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

2
0.7

0.03
0.01

189

38

Nona-2-trans-6-cis-dienal (1186)
Europe
50
USA
181

7
24

0.1
0.4

3 265

18

2-trans-6-trans-Nonadienal (1187)
Europe
ND
USA
0.05

ND
0.007

ND
0.0001

+

NA

(E,Z)-2,6-Nonadien-1-ol acetate (1188)
Europe
ND
USAf
100

ND
18

ND
0.3

-

NA

(E,E)-2,4-Decadien-1-ol (1189)
Europe
ND
150
USAf

ND
26

ND
0.4

+

NA

2-trans,4-trans-Decadienal (1190)
Europe
154
USA
531

22
70

0.4
1

33 414

63

Methyl (E)-2-(Z)-4-decadienoate (1191)
Europe
ND
USAf
4.5

ND
1

ND
0.01

+

NA

Ethyl trans-2-cis-4-decadienoate (1192)
Europe
241
USA
20

34
3

0.6
0.04

455

23

Ethyl 2,4,7-decatrienoate (1193)
Europe
ND
2.4
USAf

ND
0.4

ND
0.007

+

NA

Propyl 2,4-decadienoate (1194)
Europeh
6
USA
ND

0.9
ND

0.01
ND

-

NA

2,4-Undecadienal (1195)
Europeh
26
USA
3

4
0.4

0.06
0.007

4

1

trans,trans-2,4-Dodecadienal (1196)
Europe
5
USA
0.9

0.7
0.1

0.01
0.002

-

NA

2-trans-6-cis-Dodecadienal (1197)
Europe
4
USAe
0.1

0.6
0.02

0.01
0.0003

+

NA

2,4-Nonadienal (1185)
Europe
USA

Most recent
annual
volume (kg)a

12
5

Consumption
ratiod
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Table 2. (contd)
Flavouring agent (No.)

Most recent
annual
volume (kg)a

2-trans-4-cis-7-cis-Tridecatrienal (1198)
Europe
2
USAe
0.05
Total
Europe
USA

Intakeb (“eaters
only”)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

0.3
0.009

0.005
0.0001

+

Consumption
ratiod

NA

968
1 496

NA, not available; ND, no intake data reported; +, reported to occur naturally in foods
(Maarse et al., 1999), but no quantitative data; -, not reported to occur naturally in foods
a
From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or
National Academy of Sciences (1982)
b
Intake (mg/person per day) was calculated as follows:
[(annual volume, kg) ¥ (1 ¥ 109 mg/kg)]/[population ¥ survey correction factor ¥365 days],
where population
(10%, “eaters only”) = 32 ¥ 106 for Europe and 26 ¥ 106 for the USA; where correction
factor = 0.6 for Europe and USA National Academy of Sciences surveys and 0.8 for the
Lucas et al. USA survey representing the assumption that only 60% and 80% of the
annual flavour volume, respectively, was reported in the poundage surveys (International
Organization of the Flavour Industry, 1995; Lucas et al., 1999; National Academy of
Sciences, 1982)
Intake (mg/kg bw per day) was calculated as follows:
[(mg/person per day)/body weight], where body weight = 60 kg. Slight variations may
occur from rounding
c
Quantitative data for the United States reported by Stofberg & Grundschober (1987)
d
The consumption ratio is calculated as follows:
(annual consumption via food, kg)/(most recent reported volume as a flavouring agent,
kg)
e
Annual volume reported in previous USA surveys (National Academy of Sciences, 1982)
f
The volume cited is the anticipated annual volume, which was the maximum amount of
flavouring agent estimated to be used annually by the manufacturer at the time the
material was proposed for flavour use. Subsequent national surveys (National Academy
of Sciences, 1970, 1982 or 1987; Lucas et al., 1999) revealed no reported use of the
substance as a flavouring agent
g
The annual volume reported in the most recent poundage survey (Lucas et al., 1999)
reflects the use of (E,E)-2.4-hexadienoic acid use as a microbial agent, and not as a
flavouring agent because 100% of the annual volume reported in the survey in 1995
survey was reported under the technical effect F01(anti-microbial agent). Therefore, the
volume listed here is the anticipated annual volume reported by the manufacturer at the
time the material was proposed for use as a flavouring agent, and more accurately
represents its use as a flavouring agent in the USA. The Committee evaluated (E,E)-2,4hexadienoic acid in 1973 in its capacity as a antimicrobial preservative and assigned an
ADI of 0–25 mg/kg bw (Annex 1, reference 33)
h
The volume cited is the annual volume reported for an isomer of the compound
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Table 3. Consumption of 2-trans,4-trans-decadienal from foods and essential
oils in the USA
Food

Annual
consumption of this
food in the USA
(kg/year)

Concentration of
2-trans,4-transdecadienal in
food (mg/kg
food)3

Annual consumption
of 2-trans,4-transdecadienal via this
food in the USA
(kg)4

Beer
Potato
Chicken
Orange juice
Butter (heated)
Potato chips
Lemon peel oil
Orange peel oil
Tangerine peel oil

20 000 000 0001
10 000 000 0001
5 796 000 0001
3 680 000 0001
460 000 0001
437 000 0001
690 0001
585 1342
27 1252

0.0025
0.025
3.5
0.07
24.4
2.3
220
300
500

50
250
20 286
258
11 224
1 005
152
176
14

Total

33 415

Flavouring agent

Annual
consumption via
food in the USA
(kg)

2,4-Decadienal
1
2
3
4

5

33 415

Annual
consumption as
added flavouring
agent in the USA
(kg)2
531

Consumption ratio5

63

From Stofberg & Grundschober (1987)
From Lucas et al. (1999)
From Maarse et al. (1999)
Annual consumption of this food in the USA (kg/year) ¥ concentration of 2-trans,4-transdecadienal in this food (mg/kg food) ¥ (1 ¥ 10-6 kg/mg) = annual consumption of 2trans,4-trans-decadienal via this food in the USA (kg)
The consumption ratio is calculated as follows:
(annual consumption via food, kg)/(most recent reported volume as flavouring agent, kg)

also produced endogenously in animals as products of lipid peroxidation of polyunsaturated fatty acids (Frankel et al., 1987). In this manner, peroxidation of linoleic
acid (9,12-octadecadienoic acid) or linoleic esters yields 2-trans,4-transdecadienal and peroxidation of 12,15-octadecadienoic acid or its related esters
yields 2-hexenal.
2.3

Biological data

2.3.1

Biochemical data
(a)

Hydrolysis

In general, aliphatic esters (Nos 1177, 1178, 1188, 1191–1194) are rapidly
hydrolysed to their component alcohols and carboxylic acids by classes of
enzymes known as carboxylesterases (see Figure 1). The most important car-
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Figure 1. Hydrolysis of aliphatic esters
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boxylesterases, B-esterases, catalyse the hydrolysis of esters prior to entering systemic circulation. Although these enzymes are present in most mammalian tissues,
they predominate in the hepatocytes (Anders, 1989; Graffner-Nordberg et al.,
1998). The substrate specificity of B-carboxylesterase isoenzymes has been correlated with the structure of the alcohol and the carboxylic acid components (e.g.
R and R¢, see Figure 1) (Heymann, 1980).
Studies of hydrolysis of various aliphatic esters have been performed in vitro
with carboxylesterases isolated from pig and rat liver (Arndt & Krisch, 1973; Junge
& Heymann, 1979) as well as in simulated pancreatic fluid, simulated gastric fluid,
and preparations of intestinal mucosa (Leegwater & van Straten, 1974; Butterworth
et al., 1975; Grundschober, 1977; Longland et al., 1977; Graffner-Nordberg et al.,
1998). Select isoenzymes exhibit an increase in substrate affinity (lower Km) and
maximal velocity (Vmax) as the length of the carbon chain of either the alcohol or
carboxylic acid component of the substrate increases. Results of studies of hydrolysis in vitro indicate that the rate of hydrolysis of straight-chain esters is approximately 100 times faster than the rate of hydrolysis of branched-chain esters (Drake
et al., 1975).
An experiment was conducted in which a series of aliphatic flavouring esters
(50 mmol/l) were incubated in artificial pancreatic fluid (50 ml) at 37 °C in vitro (Buck
& Renwick, 2000). In the presence of pancreatin, the half-lives (based upon the
loss of parent ester) for geranyl formate, geranyl acetate, geranyl butyrate and
neryl acetate were rapid, and approximated 0.1, 0.2, 0.03, and 0.2 min, respectively (Buck & Renwick, 2000). These results confirm the expected rapid hydrolysis of aliphatic esters to their corresponding alcohols and acids.
Once hydrolysed, the resulting aliphatic alcohols and carboxylic acids are
readily absorbed and metabolized in well-recognized biochemical pathways.
(b)

Absorption, distribution, and excretion

The a,b-unsaturated aldehydes are rapidly absorbed, distributed and excreted
in the urine, and to a lesser extent in the faeces. Groups of 10 male Wistar albino
rats were given a single dose of 100 mg/kg bw of the structurally related substance
trans-2-nonenal2 or trans-2-pentenal3 in unheated olive oil by gavage. The control
H
2

O

H

trans-2-Nonenal.

O

H

3

O
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group received only the unheated olive oil. Analyses by proton nuclear magnetic
resonance spectroscopy (1H-NMR) conducted on urine samples collected before
and after administration of the test materials confirmed that the aldehydes are
absorbed from the gastrointestinal tract into the systemic circulation and excreted
in the urine as C3 mercapturate conjugates within 24 h. Trace amounts of trans-2nonenal were detected in the faeces. Similar results were obtained from the rats
given trans-2-pentenal (Grootveld et al., 1998).
Studies with 14C-labelled (E,E)-2,4-hexadienoic acid (No. 1176 ) in rats
(Fingerhut et al., 1962) and mice (Westoo, 1964) show that the acid is absorbed,
completely metabolized, and excreted primarily in expired air as 14C-labelled CO2
(14CO2) and water. Female mice given a single oral dose of either 40 or 8000 mg
[1-14C](E,E)-2,4-hexadienoic acid/kg bw excreted 77–85% of the dose as expired
14
CO2 within 4 days. Approximately 88% of the 14CO2 was recovered within the first
24 h. Between 4% and 5% of the original dose was excreted in the urine as (E,E)muconic acid4 (i.e. (E,E)-2,4-hexadienedioic acid) and unchanged (E,E)-2,4hexadienoic acid, respectively, accounting for 0.4% and 0.7% of the total radioactivity present in the urine collected over the first 24 h. Only about 1% of the dose
of 40 mg/kg bw was recovered in the faeces (Westoo, 1964). When [1-14C](E,E)2,4-hexadienoic acid was administered to rats at a dose of between 61 and 1213
mg/kg bw, 85% was excreted as exhaled 14CO2 within 10 h, regardless of dose. In
the same period of time, approximately 2% of the radiolabel was detected in the
urine. (E,E)-Muconic acid and unchanged (E,E)-2,4-hexadienoic acid were not
detected (Fingerhut et al., 1962).
(c)

Metabolism

In general, unsaturated alcohols are efficiently oxidized to unsaturated aldehydes and acids by alcohol dehydrogenase and these products are completely
metabolized in the fatty acid b-oxidation pathway, regardless of the position of
unsaturation on the carbon chain (Nelson & Cox, 2000). a,b-Unsaturated aldehydes also may react with GSH in a Michael-type addition. At high doses, depletion
of cellular levels of GSH could theoretically lead to oxidative stress (Schulz et al.,
2000).
(d)

Enzymatic conversion of aliphatic alcohols, aldehydes and acids

Isoenzyme mixtures of oxidized/reduced nicotinamide adenine dinucleotide
+
(NAD
H /NADH)-dependent alcohol dehydrogenase obtained from human liver microsomes catalyse the oxidation of aliphatic unsaturated alcohols (Pietruszko et al.,
O
1973). There is a correlation between increasing carbon chain length (C1 to C6) of
the alcohol substrate and increasing binding affinity (lower Km) of alcohol dehydrogenase.
However, maximum rates of reaction (higher Vmax) of oxidation were essenH
tially constant, regardless of the structure of the alcohol (Klesov et al., 1977).
O

O

4

OH
HO
O

(E,E)-2,4-Hexadienedioic acid.
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Similarly, aldehyde dehydrogenase present predominantly in the hepatic
cytosol (Lame & Segall, 1986) exhibits broad specificity for the oxidation of
aliphatic and aromatic aldehydes (Feldman & Weiner, 1972) and demonstrates
higher catalytic activity in vitro for higher molecular weight, and more lipophilic
aldehydes (Nakayasu et al., 1978). The a,b-unsaturated aldehyde, trans-2hexenal, is readily oxidized to trans-2-hexenoic acid in mouse hepatic cytosol fractions (Lame & Segall, 1986) and in isoenzymes of rat aldehyde dehydrogenase
present in mitochondrial, cytosolic, and microsomal fractions (Mitchell & Petersen,
1987). The molybdenum-containing enzymes xanthine oxidase and aldehyde
oxidase also catalyse the oxidation of a wide range of aldehydes (Beedham, 1988).
The resulting linear a,b-unsaturated acids are intermediates in the normal oxidation of saturated fatty acids and as such participate in normal fatty acid metabolism. In this pathway, the acid is first condensed with (CoA) (Nelson & Cox, 2000).
The resulting trans-2,3-unsaturated CoA ester (trans-D2-enoyl CoA) is converted
to the 3-ketothioester, which undergoes b-cleavage to yield an acetyl CoA fragment and a new thioester reduced by two carbons.
Cleavage of acetyl CoA units will continue along the carbon chain until the position of unsaturation is reached. If the unsaturation begins at an odd-numbered
carbon, acetyl CoA fragmentation will eventually yield a D3-enoyl CoA, which
cannot enter the fatty acid cycle until it is isomerized to the trans-D2-enoyl CoA by
enoyl CoA isomerase. If unsaturation begins at an even-numbered carbon, acetyl
CoA fragmentation yields a D2-enoyl CoA product, which is a substrate for further
fatty acid oxidation. If the regiochemistry of the double bond is “cis”, it is isomerized to the “trans” double bond by the action of 3-hydroxyacyl CoA epimerase
before entering the fatty acid oxidation pathway. Even numbered carbon acids continue to be cleaved to acetyl CoA but odd numbered carbon acids yield acetyl CoA
and propionyl CoA. Acetyl CoA enters the citric acid cycle directly, whereas propionyl CoA is transformed into succinyl CoA, which then enters the citric acid cycle
(Nelson & Cox, 2000).
Studies with [1-14C](E,E)-2,4-hexadienoic acid (No. 1176) in rats (Fingerhut et
al., 1962) and mice (Westoo, 1964) show that the carboxylic acid is absorbed,
completely metabolized, and excreted primarily as carbon dioxide and water. In
addition, small amounts of the b-oxidation product (E,E)-2,4-hexadienedioic acid
(E,E-muconic acid) were detected in the urine of mice. On the basis of these
data, it is concluded that a,b-unsaturated acids participate in normal fatty acid
metabolism.
(e)

Glutathione conjugation, oxidative stress, lipid peroxidation
and apoptosis

The cellular formation and fate of a,b-unsaturated aldehydes has been directly
linked to lipid peroxidation and a phenomenon known as oxidative stress. Oxidative stress results when free radicals (oxygen, O2, and hydroxyl, OH) react with
proteins, polypeptides, RNA and DNA bases, and particularly polyunsaturated fatty
acid chains of phospholipids in cell membranes. Under cell homeostasis, high
intracellular concentrations (1–10 mmol/l) of glutathione (GSH) are found in mammalian cells (Armstrong, 1987; 1991). GSH is a major antioxidant present in all
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animal cells, and its reactive thiol function rapidly scavenges these unstable free
radicals. However, under conditions of oxidative stress in which GSH depletion has
occurred (i.e. low ratio of reduced glutathione (GSH) to oxidized glutathione
(GSSG)), free radicals are available to react with polyunsaturated fatty acids,
leading to a variety of fragmentation products including 2-butenal, trans-2-hexenal,
4-hydroxy-2-nonenal, and 2,4-decadienal. In addition to forming reactive unsaturated aldehydes, lipid peroxidation disturbs the structural integrity of the lipid
bilayer, compromising cell permeability. This leads to membrane leakage, Na+
influx, K+ efflux, and influx of water leading to cytotoxic oedema. Additionally, aldehyde fragmentation products induce apoptotic cell death during oxidative stress
(Esterbauer et al., 1991; Eckl et al., 1993; Dianzani, 1998).
(f)

Glutathione conjugation

Regardless of the source, a,b-unsaturated aldehydes may conjugate with GSH
directly or undergo allylic hydroxylation to yield 4-hydroxyalkenals (Esterbauer et
al., 1982) that also may conjugate with GSH (Esterbauer et al., 1975). Studies on
the metabolism in vivo of trans-2-alkenals show that they are partly metabolized
by the addition of GSH across their electrophillic carbon–carbon double bonds in
a Michael-type addition (Grootveld et al., 1998). a,b-Unsaturated aldehydes for
which b-oxidation is not facile are mainly conjugated with GSH. The mercapturic
acid conjugate was the major urinary excretion product isolated from rats given a
single intraperitoneal dose of 100 mg/kg bw of (E)-2-propyl 2,4-pentadienoic acid5
(Kassahun et al., 1991). Conjugated dienals and, to a lesser extent, dienoic acids,
conjugate with GSH and eventually are excreted as the mercapturic acid derivatives (Boyland & Chasseaud, 1967).
The GSH redox cycle maintains adequate levels of GSH in animal cells (Nelson
& Cox, 2000; Schulz et al., 2000) and is a major intracellular mechanism involved
in the detoxication of a,b-unsaturated aldehydes (Reed et al., 1986). The addition
of GSH across the electrophilic carbon–carbon double bond is catalysed by the
enzyme glutathione S-transferase, but can also occur in a non-enzymatic reaction
(Eisenbrand et al., 1995; Grootveld et al., 1998). Cultured rat hepatocytes that
are rich in GSH and glutathione S-transferase have been shown to metabolize
greater amounts of 2-alkenals than human lymphoblastoid cells (Namalva cells)
(Eisenbrand et al., 1995). Low levels of GSH, glutathione S-transferase, and deactivating enzymes make the human lymphoblastoid cells more susceptible to the
cytotoxic effects of 2-alkenals. In both cell types, the consumption of alkenals was
directly related to the depletion of intracellular GSH (Eisenbrand et al., 1995). A
75% decrease in the levels of liver GSH occurred when male rats were given the
structurally related trans,trans-muconaldehyde6 by intraperitoneal injection at a

5

HO

(E)-2-Propyl 2,4-pentadienoic acid.
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dose of 36 mmol/kg bw (Witz, 1989). Additionally, the report that the presence of
GSH reduces the cytotoxicity of a,b-unsaturated aldehydes in Salmonella
typhimurium TA104 in vitro provides additional evidence that GSH conjugation
plays an important role in the detoxication process (Marnett et al., 1985).
(g)

Oxidative stress

The effectiveness of the GSH detoxication pathway for a,b-unsaturated aldehydes hinges on the ability of the cell to maintain the equilibrium between its prooxidant and antioxidant systems (Nelson & Cox, 2000). A decrease in the
concentrations of antioxidants or an increase in the production of reactive oxygen
species (e.g. O2, H2O2, OH) can lead to oxidative stress, a condition in which the
cell is unable to maintain the level of reactive oxygen species below a toxic threshold (Schulz et al., 2000). During periods of oxidative stress, the ratio of GSH to
GSSG decreases owing to loss of GSH and accumulation of GSSG. The low levels
of cellular GSH render the detoxication pathway inefficient and allow for increased
interaction between the a,b-unsaturated aldehydes and cellular components (proteins and DNA) eventually leading to cytotoxicity and apoptosis (Eder et al., 1993).
In cultured rat hepatocytes and human lymphoblastoid cells treated with various
2-alkenals, DNA adducts were detectable after intracellular concentrations of GSH
were reduced to approximately 20% of pre-treatment levels. Before the incubation
of Namalva cells and rat hepatocytes with 2-hexenal at 37 °C, concentrations of
GSH were measured to be approximately 1.6 and 80 nmol/2 ¥ 106 cells in each
cell line, respectively. After the 1-h incubation, concentrations of GSH were
reduced to approximately 10% of the control values (Eisenbrand et al., 1995).
Owing to the nature of the GSH detoxication pathway, studies of genotoxicity
that use high concentrations of a,b-unsaturated aldehydes are likely to produce
effects consistent with oxidative stress. It is anticipated that GSH will be rapidly
depleted in cells exposed to high doses of a,b-unsaturated aldehydes, leading to
the formation of protein and DNA adducts and eventually to cellular damage and
decreased cell viability.
(h)

Lipid peroxidation and formation of a,b-unsaturated aldehydes

Under conditions of oxidative stress, lipid peroxidation of polyunsaturated
fatty acids, particularly those in phospholipids, results in the production of a,bunsaturated aldehydes in vivo. In this pathway, abstraction of a diallylic hydrogen
atom from a polyunsaturated fatty acid (e.g. the C11 hydrogen of 9,12octadecadeinoic acid, linoleic acid) and subsequent rearrangement yields a
hydroperoxide intermediate. The unstable hydroperoxide readily degrades to an
alkoxy radical that is prone to undergo either b-scission or hydrogen abstraction.
b-Scission yields a shortened, conjugated, unsaturated aldehyde. Given the low
concentrations of cellular GSH during oxidative stress, aldehydes formed during
lipid peroxidation become available to react with proteins and DNA nucleotides to
yield adducts (Loureiro et al., 2000) and exert cytotoxic effects, including apoptotic
cell death (Kirichenko et al., 1996; Kruman et al., 1997; Celli et al., 1998; Liu
et al., 2000).
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Studies using fluorescence spectroscopy revealed that a,b-unsaturated aldehydes, whether formed endogenously or resulting from exogenous exposure, react
with DNA to form adducts (Frankel et al., 1987; Eder et al., 1993; Cadet et al.,
1999; National Toxicology Program, 2001). 2-trans,4-trans-Decadienal (No. 1190;
concentration, 4 mmol/l), an important product of lipid peroxidation, has been
shown to react with 2¢-deoxyadenosine in calf thymus DNA to produce low concentrations of of five etheno adducts: (1,N6-etheno-2¢-deoxyadenosine; 1-[3-(2dexoy-b-D-erythro-pentofuranosyl)-3H-imidazo[2,1-i]purin-7-yl]-1,2,3-octanetriol;
1-[3-(2-dexoy-b- D -erythro-pentofuranosyl)-3H-imidazo[2,1-i]purin-7-yl]-1,2heptanediol; 1-[3-(2-dexoy-b-D-erythro-pentofuranosyl)-3H-imidazo[2,1-i]purin-7yl]-hexanol and 1-[3-(2-dexoy-b-D-erythro-pentofuranosyl)-3H-imidazo[2,1-i]purin7- yl]-2,3-epoxy-1-octanol). The variety, not the volume of adducts produced, is
related to the cytotoxicity of 2-trans,4-trans-decadienal (Carvalho et al., 1998,
2000).
In addition to direct reaction with DNA, a,b-unsaturated aldehydes act to induce
DNA fragmentation through apoptosis. Recent experiments (Ji et al., 2001) indicate that depletion of GSH by a,b-unsaturated aldehydes (4-hydroxy-2-nonenal),
progressing in a dose- and time-dependent manner, induces poly-ADP-ribose polymerase (PARP) cleavage and DNA fragmentation. In one of the pathways of apoptosis, depletion of GSH results in the release of mitochondrial cytochrome c to the
cytosol where a cascade of cytosolic cysteine proteases (i.e. caspases) is activated. Activation of caspase-3 causes cleavage of cellular proteins and PARP
leading to DNA fragmentation and subsequent cell death (Liu et al., 1996; Li et al.,
1997; Zou et al., 1997; Green & Reed, 1998; Cain et al., 1999).
2.3.2

Toxicological studies

Typically, toxicological studies in the monograph are organized according to
duration (i.e. short-term, long-term, and carcinogenicity), flavouring agent and then
species. However, in order to group the studies performed by the National Toxicology Program, the short-term studies of toxicity and studies of carcinogenicity
will be discussed in the section on long-term studies (see 2.3.2.(c)) in the sequence
in which they were conducted.
(a)

Acute toxicity

Oral LD50 values have been reported for 11 of the 26 substances in this group.
Six of the aliphatic, alicyclic, linear, a,b-unsaturated, di- and trienals and related
alcohols, acids, and esters used as flavouring agents (Nos 1175, 1176, 1179, 1186,
and 1193) have oral LD50 values in the range from 300 to 12 500 mg/kg bw in rats
(Deuel et al., 1954; Smyth et al., 1954; de Groot et al., 1974; Moreno, 1976, 1980;
Uchida et al., 1985; Driscoll, 1996). Three oral LD50 values were reported for
trans,trans-2,4-hexadienal (No. 1175) in the range of 300 to <5000 mg/kg bw in rats
(Smyth et al., 1954; de Groot et al., 1974; Moreno, 1980).
In mice, oral LD50 values for Nos 1177, 1178, 1184, 1194, 1197 and 1198 are
in the range of 1000 to >8000 mg/kg bw (Sparfel et al., 1968; Pellmont, 1971, 1977;
Edwards, 1973; Moreno, 1978), demonstrating that the acute oral toxicity of
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Table 4. Studies of acute oral toxicity with aliphatic di- and trienals and
alcohols, acids and esters
No.

Flavouring agent

Species; sexa

LD50
(mg/kg bw)

Reference

1175
1175
1175
1176
1176
1176
1177
1178
1179
1184
1186
1193
1194
1197
1198

trans,trans-2,4-Hexadienal
trans,trans-2,4-Hexadienal
trans,trans-2,4-Hexadienal
(E,E)-2,4-Hexadienoic acid
(E,E)-2,4-Hexadienoic acid
(E,E)-2,4-Hexadienoic acid
Methyl sorbate
Ethyl sorbate
2,4-Heptadienal
2,6-Nonadien-1-ol
Nona-2-trans-6-cis-dienal
Ethyl 2,4,7-decatrienoate
Propyl 2,4-decadienoate
2-trans-6-cis-Dodecadienal
2-trans-4-cis-7-cisTridecatrienal

Rat; M
Rat; M,F
Rat; M,F
Rat; F
Rat; M,F
Rat; M
Mouse; NR
Mouse; F
Rat; M
Mouse; NR
Rat; NR
Rat; M,F
Mouse; NR
Mouse; NR
Mouse; NR

300
730
<5 000b
9 600
10 500
12 500
5 600
>8 000
1 150
>5 000
>5 000
>2 000
1 000
5 000
5 000

Moreno (1980)
Smyth et al. (1954)
DeGroot et al. (1974)
Uchida et al. (1985)
Deuel et al. (1954)
Uchida et al. (1985)
Pellmont (1977)
Sparfel et al. (1968)
Moreno (1980)
Moreno (1978)
Moreno (1976)
Driscoll (1996)
Pellmont (1971)
Edwards (1973)
Edwards (1973)

a
b

M, Male; F, Female; NR, Not reported
does not represent a true LD50 as this is the only dose evaluated at which a 100%
mortality was reported

aliphatic, alicyclic, linear, a,b-unsaturated, di- and trienals and related alcohols,
acids and esters is low (see Table 4).
(b)

Short-term studies of toxicity
(i)

trans,trans-2,4-hexadienal (no. 1175)

Rats
Groups of five male and five female rats were given trans,trans-2,4-hexadienal
at a dose of 0, 0.75, or 7.5 mg/kg bw per day by gavage in corn oil, 6 days per
week for 14 days. Individual body weights, and food and water consumption
recorded after weeks 1 and 2 showed no difference between animals in treated
and control groups. Concentrations of haemoglobin determined at day 14 were not
significantly different from those observed in control groups. At necropsy, macroscopic examination did not reveal any abnormalities related to treatment. Significantly increased relative liver weights were reported in males at 0.75 mg/kg bw per
day, but not at 7.5 mg/kg bw per day. The increased liver weight was not accompanied by any histopathological findings in the liver or kidneys. Consequently, the
NOEL for trans,trans-2,4-hexadienal was 7.5 mg /kg bw per day, the highest dose
tested (de Groot et al., 1974).
Groups of 24 male and 24 female Charles River rats were fed diets containing trans,trans-2,4-hexadienal at a dose of 0 or 2.23 mg/kg bw per day, 7 days a
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week, for 13 weeks. Concurrent groups of controls were maintained. All animals
were observed daily for mortality and signs of toxicity throughout the study. Haematological evaluations, blood chemistry and urine analyses were conducted at
weeks 6 and 12. Compared with the control group, transient decreases in blood
concentrations of glucose and increases in blood concentrations of urea nitrogen
were reported in males and females, respectively, at week 6, but not at week 12.
Weekly measurements of body weights and food consumption revealed no significant differences between animals in treated and and control groups. At necropsy,
gross and histopathological examinations revealed no lesions that could be associated with the test material. Organ weights did not differ between animals
in treated and control groups. The authors reported that the NOEL for 2,4hexadienal was 2.23 mg/kg bw per day (Mecler & Craig, 1980).

(ii)

(E,E)-2,4-Hexadienoic acid (No. 1176)

Rats
Groups of five male and five female Sherman rats were fed diets containing 0,
0.5, 1, 2, 4, or 8% (E,E)-2,4-hexadienoic acid (sorbic acid) for a period of 13 weeks.
These concentrations correspond to daily intakes of 0, 320, 630, 1260, 2480, and
5060 mg/ bw, respectively. All animals survived until termination of the study and
no differences in body-weight gain and food use were reported between the treated
animals and controls at any dose. At necropsy, histological examination did not
reveal any abnormal findings. A slight increase in relative liver weight was reported
at 8% (E,E)-2,4-hexadienoic acid when compared with controls. However, this was
not accompanied by histological changes in the liver at any dose. No treatmentrelated effects were reported in the animals given 4% (E,E)-2,4-hexadienoic acid
(2480 mg/kg bw per day) (Deuel et al., 1954).
Dogs
In a 13-week study, a group of two male and one female puppies (breed not
specified) was fed a diet containing 4% (E,E)-2,4-hexadienoic acid. No differences
in food consumption and body-weight gain were reported between the treated and
control animals throughout the study. At termination, histopathological examination
did not reveal any treatment-related lesions. The authors concluded that a diet
containing 4% (E,E)-2,4-hexadienoic acid, which corresponds to a daily intake of
1333 mg/kg bw (Food and Drug Administration, 1993), does not cause adverse
effects in dogs (Deuel et al., 1954).
(iii)

2-trans,4-trans-Decadienal (No. 1190)

Mice
Groups of five male and five female B6C3F1 mice were given 2-trans,4-transdecadienal at a dose of 0, 45, 133, 400, 1200, or 3600 mg/kg bw per day by gavage
in corn oil, 5 days per week, for 17 days. All animals in the group receiving a dose
of 3600 mg/kg bw per day and one male and female receiving a dose of 1200 mg/kg
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bw per day died before the study was completed. A significant decrease in bodyweight gain was reported in males and in females at 1200 mg/kg bw per day. Treatment-related clinical effects included diarrhoea, and lethargy, reported in all
animals. Ruffled fur and a thin appearance were reported in males and females at
1200 and 3600 mg/kg bw per day, while ataxia and abnormal breathing were
reported only at the highest dose (3600 mg/kg bw per day). No treatment-related
clinical signs of toxicity or effects on organ weights were reported at any dose £400
mg/kg bw per day. At necropsy, gross pathological evaluation and microscopic evaluation of the forestomach revealed ulceration in males and females at 1200 mg/kg
bw per day. The NOEL for 2-trans,4-trans-decadienal was 400 mg/kg bw per
day in mice on the basis of no treatment-related effects at this dose (National
Toxicology Program, 1997).
Groups of 10 male and 10 female B6C3F1 mice were given 2-trans,4-transdecadienal at a dose of 0, 50, 100, 200, 400, or 800 mg/kg bw per day by gavage
in corn oil, 5 days per week, for 13 weeks. 2-trans,4-trans-Decadienal did not have
any effects on the survival of the treated animals at any dose. A lower rate of bodyweight gain was reported in males at 800 mg/kg bw per day compared with the
controls. At doses of 400 and 800 mg/kg bw per day, increased salivation after treatment was reported in animals of both sexes. Increased salivation was first noticed
during week 7 of the study and continued intermittently until week 10. Lethargy
was observed only in females at 200, 400, and 800 mg/kg bw per day at week 12.
No treatment-related differences were reported in haematology or organ weights
at any dose. Histological evaluation revealed minimal or mild epithelial hyperplasia, inflammation and oedema in the forestomach of treated animals in the groups
receiving a dose of 200 (males only), 400, and 800 mg/kg bw per day. On the basis
of these findings, the NOEL for 2-trans,4-trans-decadienal was 100 and 200 mg/kg
bw per day for male and female B6C3F1 mice, respectively (National Toxicology
Program, 1997).
Rats
Groups of five male and five female Fischer 344/N rats were given 2-trans,4trans-decadienal at a dose of 0, 45, 133, 400, 1200, or 3600 mg/kg bw per day by
gavage in corn oil, 5 days per week, for 17 days. All animals in the group receiving a dose of 3600 mg/kg bw per day died before the study was completed;
however, no early deaths were reported at any other dose. A statistically significant decrease in body-weight gain was reported at 1200 mg/kg bw per day in both
males and females relative to that of the controls. Diarrhoea was reported in both
sexes at 1200 mg/kg bw per day. At necropsy, gross pathological evaluation and
microscopic evaluation of the forestomach revealed ulceration in both sexes also
at 1200 mg/kg bw per day. The NOEL for 2-trans,4-trans-decadienal was 400 mg/kg
bw per day in Fischer 344/N rats, on the basis of absence of treatment-related
effects at this dose (National Toxicology Program, 1997).
Groups of 10 male and 10 female Fischer 344/N rats were given 2-trans,4trans-decadienal at a dose of 0, 50, 100, 200, 400, or 800 mg/kg bw per day by
gavage in corn oil, 5 days per week, for 13 weeks. There were no treatment-related
effects on the survival of the rats at any dose. Rats of both sexes at 200, 400, and
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800 mg/kg bw per day showed a lower rate of body-weight gain throughout the
study relative to that of the controls. Salivation was reported before and after
administration of 2-trans,4-trans-decadienal in both sexes at 200, 400, and
800 mg/kg bw per day, but only sporadically and only after treatment at 50 and
100 mg/kg bw per day. The severity of the salivation was reported to increase with
dose. Towards the end of the study, salivation became less prevalent at the lower
doses. Lethargy after treatment was also reported at 200, 400, and 800 mg/kg bw
per day, beginning at week 7 and continuing until the end of the study. Lethargy
occurred sporadically in rats at the lower doses (i.e. 50 and 100 mg/kg bw per day).
Although the severity of the lethargy was reported to be dose-dependent, the rats
recovered within minutes and appeared normal at all other times. At necropsy, histological evaluation revealed minimal or mild epithelial hyperplasia in the forestomachs of male and female rats at 400 and 800 mg/kg bw per day . Since salivation
and lethargy were sporadic at the lower doses (i.e. 50 and 100 mg/kg bw per day)
and the rats recovered from both within minutes, the NOEL for 2-trans,4-transdecadienal in this 13-week study in rats was 100 mg/kg bw per day (National Toxicology Program, 1997).
Groups of six male and six female Charles River rats were fed diets containing 2-trans,4-trans-decadienal at concentrations providing a daily dose of 0, 3.39,
10.70, or 33.90 mg/kg bw per day for 13 weeks. Concurrent groups of controls were
maintained. Daily observations were made for mortality and general signs of toxicity. Weekly measurements of body weights and food consumption revealed no
significant differences between treated animals and controls. At week 6, a
decrease in concentration of haemoglobin and in erythrocyte volume fraction in
females was reported at doses of 10.70 and 33.90 mg/kg bw per day. These values
were comparable to those of the controls at week 12. At necropsy, histopathologic
evaluations performed on major tissues from all animals receiving the highest dose
and from half of the controls, and of livers and kidneys from all study animals
revealed no treatment-related effects. Final body and organ weights of the treated
animals did not differ significantly from those of the controls at any dose (Damske
et al., 1980).
(iv)

2-trans-6-cis-dodecadienal (no. 1197) and 2-trans-4-cis-7cis-tridecatrienal (No. 1198)

Rats
Groups of six male and six female rats were given diets containing a mixture
of 2-trans-6-cis-dodecadienal and 2-trans-4-cis-7-cis-tridecatrienal microencapsulated in maltodextrin at a concentration of 0.2, 0.4, 1.0, 2.0, 4.0, 10.0, or 20.0 ppm
of 2-trans-6-cis-dodecadienal, plus 3.2, 6.4, 16, 32, 64, 160, or 320 ppm of 2-trans4-cis-7-cis-tridecatrienal, for 4 weeks. On the basis of feed consumption, the
highest concentrations were reported to provide intakes of 1.93 and 2.06 mg 2trans-6-cis-dodecadienal/kg bw per day for males and females respectively, and
30.9 and 33 mg 2-trans-4-cis-7-cis-tridecatrienal/kg bw per day for males and
females, respectively. An additional group of 12 rats was fed a control diet containing maltodextrin only. No significant effects on body-weight gain, food consumption or food utilization, organ weights, clinical chemistry or macroscopic
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pathology were reported in either sex at any dose. A histopathological examination conducted on animals receiving the highest dose revealed only non-treatmentrelated lesions. The NOELs were 2.06 and 33 mg/kg bw per day for
trans-2-cis-6-dodecadienal and trans-2-cis-4-cis-7-tridecatrienal, respectively
(Edwards, 1973).
The results of short-term and long-term studies of toxicity and carinogenicity
are summarized in Table 7.
(c)

Long-term studies of toxicity and carcinogenicity
(i)

trans,trans-2,4-Hexadienal (No. 1175)

Mice
In a 16-day study, groups of five male and five female B6C3F1 mice were given
trans, trans-2,4-hexadienal at a dose of 0, 3, 9, 27, 80, or 240 mg/kg bw per day,
by gavage in corn oil, 5 days per week for a total of 12 doses. Observations were
made twice daily and body weights and clinical findings were recorded at the start,
on day 8, and at the end of the study. A 20% mortality rate, and clinical signs of
toxicity including lethargy, ruffled fur, and convulsions, as well as significant weight
loss limited to female mice were reported at 240 mg/kg bw per day. No deaths or
clinical signs of toxicity were reported in any other treated groups. No treatmentrelated differences in organ weights were reported at any dose. At necroscopy,
gross pathological evaluation revealed ulceration and/or necrosis of the forestomach in all mice treated with trans,trans-2,4-hexadienal at a dose of 240 mg/kg bw
per day and mild epithelial hyperplasia and hyperkeratosis in both sexes at a dose
of 80 mg/kg bw per day. The NOEL for trans, trans-2,4-hexadienal was 27 mg/kg
bw per day in male and female mice (National Toxicology Program, 2001).
Groups of 10 male and 10 female B6C3F1 mice were given trans,trans-2,4hexadienal at a dose of 0, 7.5, 15, 30, 60, or 120 mg/kg bw per day by gavage in
corn oil, 5 days per week, for 14 weeks. The animals were observed twice daily
for general health and behaviour and clinical findings were recorded weekly. At
termination, necropsies were performed on all treated animals and complete
histopathological examinations were undertaken for animals receiving the highest
dose and for the controls. No treatment-related effects on survival or body-weight
gain were reported in either sex at any dose. The deaths of three males during
the study were attributed to dosing accidents. Salivation was reported during week
7 in males at 60 and 120 mg/kg bw per day and in females at 120 mg/kg bw per
day. Anal wetness was observed in these same groups at week 9 or 10 of the
study. No treatment-related or biologically significant differences were reported in
haematology between treated mice and controls at any dose. The absolute and
relative liver weights of both sexes (male, p £ 0.05; female, p £ 0.01) at 60 mg/kg
bw per day and relative liver weights of all treated females were significantly (p £
0.01) greater than those of the controls. Additionally, significantly increased
absolute (p £ 0.05) and relative (60 mg/kg bw per day, p £ 0.05; 120 mg/kg bw per
day, p £ 0.01) kidney weights were reported in males at 60 and 120 mg/kg bw per
day. An increase in the incidence of minimal to mild epithelial hyperplasia was
reported in the forestomach of females in the groups receiving a dose of 120 mg/kg
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bw, as compared with controls; however, this was not associated with appreciable
inflammation, or basal cell proliferation. Compared with that in controls, incidence
of minimal to mild necrosis of the olfactory epithelium was significantly elevated in
mice of both sexes receiving a dose of 120 mg/kg bw per day, whereas a significant increase in the incidence of olfactory epithelial atrophy was limited to males
at this dose. The NOEL for trans, trans-2,4-hexadienal was 30 mg/kg bw per day
in male B6C3F1 mice in this study. A NOEL cannot be identified for female B6C3F1
mice owing to the increased relative liver weights observed at all doses (National
Toxicology Program, 2001).
Groups of 50 male and 50 female B6C3F1 mice were given trans, trans-2,4hexadienal at a dose of 0, 30, 60, or 120 mg/kg bw per day by gavage in corn oil,
5 days per week for 104 weeks. Animals were observed twice daily for mortality
and body weights and clinical findings were recorded every 4 weeks for the duration of the study. Survival and mean body weights of all treated animals were
similar to those of the controls throughout the study. No treatment-related clinical
findings were observed at any dose. A statistically significant increase in the incidence of epithelial hyperplasia was reported in males at 120 mg/kg bw per day (p
£ 0.01) and in females at 60 and 120 mg/kg bw per day (p £ 0.05, at both doses)
(see Table 5). A significant increase in the incidence of squamous cell papillomas
and combined incidence of squamous cell papilloma or carcinoma of the forestomach also were reported in males at 120 mg/kg bw per day and in females at 60 and
120 mg/kg bw per day. At the highest dose (120 mg/kg bw per day), a statistically
significant increase (p £ 0.01) in the incidence of squamous cell carcinomas of the
forestomach was reported in females (National Toxicology Program, 2001).
On the basis of these findings, the National Toxicology Program report concluded, “there was clear evidence of carcinogenic activity of 2,4-hexadienal in male
and female B6C3F1 mice based on increased incidences of squamous cell neoplasms of the forestomach” (National Toxicology Program, 2001).
Rats
In a 16-day study, groups of five male and five female Fischer 344/N rats were
given trans,trans-2,4-hexadienal at a dose of 0, 3, 9, 27, 80, or 240 mg/ bw per day
by gavage in corn oil, 5 days per week for a total of 12 doses. Observations were
made twice daily and body weights and clinical findings were recorded at the start,
on day 8, and at the end of the study. At the highest dose (240 mg/kg bw per day),
clinical signs of toxicity included diarrhoea, ataxia, lethargy, and anal and eye discharge in males, and lethargy, paleness, and abnormal breathing in females. Furthermore, 60% mortality occurred in both sexes at this dose. No mortality or clinical
signs of toxicity were reported at any other dose. Significantly reduced body-weight
gain (p £ 0.01) was reported for males and females at 240 mg/kg bw per day as
compared with the controls Increased liver weights were reported for females at
240 mg/kg bw per day. At necropsy, gross pathological evaluation revealed necrosis and ulceration of the forestomach in most rats of both sexes at 240 mg/kg bw
per day, and mild to moderate epithelial hyperplasia of the forestomach at 80 mg/kg
bw per day. No treatment-related effects were seen in males or females at 27
mg/kg bw per day (National Toxicology Program, 2001).
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Table 5. Incidences of lesions of the forestomach in B6C3F1 mice given
trans,trans-2,4-hexadienal by gavage
Dose (mg/kg bw)
0 (Vehicle
control)

30

14/50 (28%)

7/50 (14%)

9/50 (18%)

26/50(52%)a

Squamous cell papilloma
incidenceb (%)

2/50 (4%)

4/50 (8%)

5/50 (10%)

8/50 (16%)c

Combined squamous cell
papilloma or carcinoma
incidenced (%)

2/50 (4%)

4/50 (8%)

5/50 (10%)

10/50 (20%)

4/50 (8%)

8/49 (16%)

12/50 (24%)e

31/50 (62%)a

Squamous cell papilloma
incidencef (%)

2/50 (4%)

2/49 (4%)

11/50 (22%)g

13/50 (26%)h

Squamous cell carcinoma
incidencei (%)

0/50 (0%)

0/49 (0%)

0/50 (0%)

7/50 (14%)a

Combined squamous cell
papilloma or carcinoma
incidencej (%)

2/50 (4%)

2/49 (4%)

11/50 (22%)

Males
Squamous epithelium
hyperplasia (%)

Females
Squamous epithelium
hyperplasia (%)

60

120

18/50 (36%)

From National Toxicology Program (2001)
a
p £ 0.01
b
Historical incidence for 2-year studies with controls given NTP-2000 diet (mean ±
standard deviation): 10/659 (1.8% ± 1.9%), range, 06%; with corn oil vehicle controls
given NIH-07 diet 19/464 (4.1% ± 1.7%), range 2–6%
c
p = 0.035
d
Historical incidence for NTP-2000: 11/659 (2.0% ± 2.0%), range, 06%; for NIH-07 diet:
22/464 (4.7 ± 2.0%), range 2–8%
e
Significantly different (p £ 0.05) from the vehicle control group by the Poly-3 test
f
Historical incidence for NTP-2000: 9/659 (1.4% ± 2.0%), range, 0–6%; for NIH-07 diet:
19/463 (4.1% ± 3.5%), range 0–10%
g
p = 0.006
h
p < 0.001
i
Historical incidence for NTP-2000: 1/659 (0.2% ± 0.6%), range, 0–2%; for NIH-07 diet:
0/463
j
Historical incidence for NTP-2000: 9/659 (1.4% ± 2.0%), range, 0–6%; for NIH-07 diet:
19/463 (4.1% ± 3.5%), range 0–10%
Note: The NTP-2000 diet contains less protein and more fibre and fat than NIH-07 diet
previously used in 2-year studies conducted by the National Toxicology Program
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In a 14-week study, groups of 10 male and 10 female Fischer 344/N rats were
given trans,trans-2,4-hexadienal at a dose of 0, 7.5, 15, 30, 60, or 120 mg/kg bw
per day by gavage in corn oil, 5 days per week, for a total of 70 doses. The animals
were observed twice daily for general health and behaviour and clinical findings
were recorded weekly. At termination, necropsies were performed on all treated
animals and complete histopathology was performed on animals in groups receiving the highest dose and the control group. All animals were survived the duration
of the study. In comparison to the controls, final mean body weights and bodyweight gains were significantly reduced in male rats at 30, 60 and 120 mg/kg bw
per day. With the exception of increased salivation reported in males and females
at 30 and 120 mg/kg bw per day during week 4 and only in the 120 mg/kg bw per
day group thereafter, no other signs of clinical toxicity were observed. Increased
incidences of mild to moderate forestomach epithelial hyperplasia, accompanied
by degeneration and acute inflammation, were reported in males and females at
120 mg/kg bw per day as compared with controls. Males receiving the highest dose
(120 mg/kg bw per day) demonstrated a significant increase in the incidence of
olfactory epithelial atrophy, osteofibrosis, and exudate of the nose. No biologically
significant changes in organ weights were observed at any dose. Although statistically significant variations were reported in haematological and clinical chemistry
values for treated animals as compared with controls, most were considered to be
not related to treatment, as they were minor, sporadic and not dose-dependent.
The NOEL for trans,trans-2,4-hexadienal was 15 and 60 mg/kg bw per day in male
and female rats, respectively (National Toxicology Program, 2001).
Groups of 50 male and 50 female Fischer 344/N rats were given trans,trans2,4-hexadienal at a dose of 0, 22.5, 45, or 90 mg/kg bw per day by gavage in corn
oil, 5 days per week, for 104 weeks. Animals were observed twice daily for mortality and body weights and clinical findings were recorded every 4 weeks throughout the study. Survival of all treated rats was similar to that of the controls. After
week 27, the mean body weights of males at 90 mg/kg bw per day were lower than
those of the controls. No treatment-related clinical findings were reported at any
dose. There were statistically significant (p £ 0.01) increases in the incidence of
mild to moderate forestomach epithelial hyperplasia at all doses in both sexes (see
Table 6). Significant increases in the incidence of squamous cell papillomas of the
forestomach were reported in males and females at 45 and 90 mg/kg bw per day
per day, as compared with the controls. A statistically significant (p £ 0.01) increase
in the combined incidence of squamous cell papilloma or carcinoma was reported
in males at 45 and 90 mg/kg bw per day. There was no statistically significant
increase in the incidence of squamous cell carcinomas of the forestomach in either
males or females at any dose (National Toxicology Program, 2001).
On the basis of these findings, the National Toxicology Program report concluded “there was clear evidence of carcinogenic activity of 2,4-hexadienal in male
and female F344/N rats based on increased incidences of squamous cell neoplasms of the forestomach” (National Toxicology Program, 2001).
Forestomach effects in rodents
The occurrence of forestomach hyperplasia and squamous cell tumours in
rodents is common in bioassay studies by the National Toxicology Program in
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Table 6. Incidences of lesions of the forestomach in Fischer 344/N rats given
trans,trans-2,4-hexadienal by gavage
Dose (mg/kg bw)

Males
Epithelium hyperplasia (%)
Squamous cell papilloma
incidenceb (%)
Combined squamous cell
papilloma or carcinoma
incidenceb (%)
Females
Epithelium hyperplasia,
incidence (%)
Squamous cell papilloma
incidenced (%)

0 (Vehicle
control)

22.5

45

90

3/50 (6%)
0/50 (0%)

19/50 (38%)a
3/50 (6%)

42/50 (84%)a
10/50 (20%)c

50/50 (100%)a
29/50 (58%)c

0/50 (0%)

3/50 (6%)

11/50 (22%)a

29/50 (58%)a

2/50 (4%)

16/50 (32%)a

37/50 (74%)a

41/50 (82%)a

0/50 (0%)

1/50 (2%)

5/50 (10%)e

17/50 (34%)c

From National Toxicology Program (2001)
a
p £ 0.01
b
Historical incidence for 2-year studies with controls given NTP-2000 diet (mean ±
standard deviation): 2/609 (0.3 ± 0.7%), range 0–2%; with corn-oil vehicle controls given
NIH-07 diet: 2/402 (0.5 ± 0.9%), range 0–2%
c
p < 0.001
d
Historical incidence for NTP-2000: 0/659; for NIH-07 diet: 2/401 (0.5 ± 0.9%); range,
0–2%
e
p = 0.031
Note: The NTP-2000 diet contains less protein and more fibre and fat than NIH-07 diet
previously used in 2-year studies conducted by the National Toxicology Program

which a high concentration of an irritating material in corn oil is delivered daily by
gavage into the forestomach for 2 years. High concentrations of aldehydes (e.g.
malonaldehyde, furfural, benzaldehyde and trans,trans-2,4-hexadienal (National
Toxicology Program, 1988, 1990, 1993, 2001, respectively) and other irritating substances (e.g. dihydrocoumarin, coumarin (National Toxicology Program, 1990,
1992, respectively)) delivered in corn oil by gavage are consistently associated
with these phenomena in the forestomach of rodents.
Trans,trans-2,4-Hexadienal produced some positive results in short-term tests
for genotoxicity in vitro, but was inactive in tests in vivo (section 2.3.2 (d)). Thus,
although it may be genotoxic under some conditions, this is not believed to be the
basis for its effects in the rodent forestomach. There was evidence of treatmentrelated injury to the forestomach epithelium and this is believed to be the primary
cause of the neoplastic development. In the bioassays, development of hyperplasia in mice and rats receiving test substance by gavage in corn oil, and a low incidence of adenoma observed in mice reflect the sensitivity of the forestomach to
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irritation. The forestomach was the only site at which in increased incidence of
neoplasia was observed in treated animals.
The relevance of the development of forestomach tumours in rodents to potential carcinogenic targets in humans has been the subject of much investigation
(Grice, 1988; Wester & Kroes, 1988; Clayson et al., 1990). An International Agency
for Research on Cancer Working Group (IARC, 2003) concluded that in order to
evaluate the relevance of the induction of forestomach tumours in rodents to
cancer in humans, the exposure conditions used in these experiments have to be
considered. The exposure conditions during oral administration are unusual (particularly if dosing is effected by gavage) in that physical effects may result in high
local concentrations of test substances in the forestomach and prolonged exposure of the epithelial tissue. Agents that only produce tumours in the forestomach
in rodents after prolonged treatment and via mechanisms that do not involve reaction with DNA may be of less relevance to humans, since human exposure to such
agents would need to surpass time-integrated dose thresholds in order to elicit the
carcinogenic response.
Therefore, the appearance of these lesions in the 2-year bioassay in rodents
given trans,trans-2,4-hexadienal at a high concentration by gavage has no relevance to humans, given that the results are due to the irritating effect of high bolus
doses of trans,trans-2,4-hexadienal delivered to the contact site (the forestomach)
by gavage and not the effects of systemic concentrations in the whole animal.
Moreover, human exposure is limited to consumption of low concentrations of aldehyde in the diet.
(ii)

(E,E)-2,4-hexadienoic acid (sorbic acid) (no. 1176)

Mice
Groups of ASH/CS1 mice (48 males and 50 females) were fed diets containing 0, 1, 5, or 10% (E,E)-2,4-hexadienoic acid, corresponding to daily intakes of
approximately 1400, 7500, and 15 000 mg/kg bw per day, respectively (Food &
Drug Administration, 1993), for 80 weeks. Body weights were recorded at the
beginning of the study and at varying unspecified intervals up to week 74. At termination, all surviving mice were killed and necropsied. Macroscopic examinations
were conducted on the major organs and tissue samples were preserved for microscopic examination. The administration of (E,E)-2,4-hexadienoic acid had no effect
on mortality. At necropsy, significant reductions in weight gain were reported in
males receiving diet containing 5% (E,E)-2,4-hexadienoic acid and in males and
females receiving containing 10% (E,E)-2,4-hexadienoic acid. No statistically significant haematological differences were reported between animals in the treated
and control groups at any dose. The authors did not consider the increased relative kidney weights in the animals given the diet containing 5% or 10% E,E)-2,4hexadienoic acid to be treatment-related, because histological examination
revealed that the incidences of kidney lesions in the treated animals were significantly lower than those in the controls. In spite of the high doses and prolonged
treatment, lower incidences of histological changes (e.g. early degenerative
changes, chronic inflammation, and hyperplastic nodules) were reported in the
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livers of the treated mice as compared with the controls. On the basis of this
finding, the authors concluded that the increased relative liver weights observed
in all groups of treated animals were due to an increase in metabolic demand and
not to treatment-related toxicity. These results indicate that (E,E)-2,4-hexadienoic
acid is not carcinogenic in mice when given in the diet at concentrations of up to
10% for 80 weeks. No treatment-related effects were reported in the animals given
diet containing 1% (E,E)-2,4-hexadienoic acid (Hendy et al., 1976).
Rats
Groups of 48 male and 48 female Wistar rats were fed diets containing 0, 1.5,
or 10% (E,E)-2,4-hexadienoic acid for 2 years. This corresponds to approximate
daily intakes of 0, 750, and 5000 mg/kg bw per day, respectively (Food & Drug
Administration, 1993). Body weight, food consumption and water consumption
were recorded initially, after 1 month and at 3-month intervals thereafter. Animals
were observed daily for general health and behaviour. (E,E)-2,4-Hexadienoic acid
did not have any effect on the rate of mortality of the treated rats. A significant, but
slight decrease in body-weight gain was reported in both sexes in the group receiving diet containing 10% (E,E)-2,4-hexadienoic acid. No consistent differences were
observed in food consumption between treated and control animals. No treatmentrelated effects were observed in the haematological examinations, serum analyses, studies of renal function or histopathological examinations. At the higher
concentration (10% (E,E)-2,4-hexadienoic acid), increased relative liver weights
were reported in males and females, and increased relative kidney weights were
reported in females. The increased liver weights were not accompanied by any
histological findings, and therefore were attributed by the authors to an increase
in metabolic demand resulting from the presence of high concentrations of fatty
acids. In many cases, tumours occurred with the same frequency in controls and
treated animals, or were solely confined to the control group without comparable
findings in the treated animals. Tumours identified in animals at the lower dose
(1.5% in the diet) were not observed in animals at the higher dose (10% in the
diet). Consequently, the authors concluded that tumours at lower dose were not
related to treatment. Overall, these results indicate that no carcinogenic effects are
associated with the administration of a diet containing up to 10% (E,E)-2,4hexadienoic acid, equivalent to approximately 5000 mg/kg bw per day. The NOEL
for (E,E)-2,4-hexadienoic acid was 1.5%, equivalent to approximately 750 mg/kg
bw per day in rats (Gaunt et al., 1975).
Two groups of six male rats were given the potassium salt of (E,E)-2,4hexadienoic acid at 0.1% in the diet or 0.3% in the drinking-water, for 60 weeks.
This corresponds to daily intakes of 50 and 300 mg/kg bw per day, respectively
(Food & Drug Administration, 1993). Concurrent groups of controls were maintained. No treatment-related changes were reported in the overall health and
behaviour of the rats throughout the study. With the exception of scattered, small
white nodules on the surface of livers observed in some rats given drinking-water
containing potassium (E,E)-2,4-hexadienoic acid, exploratory laparotomy performed on all surviving rats at week 65 and at the end of the study did not reveal
the presence of liver tumours or any other treatment-related effects. Subsequent
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histological examination confirmed the lesions to be inflammatory in nature and
non-neoplastic. At necropsy, conducted when animals died or at week 100, no
treatment-related tumours were detected in either group of rats. The authors concluded that potassium (E,E)-2,4-hexadienoic acid administered continuously at a
dose of 50 mg/kg bw per day in the diet or 300 mg/kg bw per day in the drinkingwater for 60 weeks does not induce any toxic or carcinogenic effects in male rats
(Dickens et al., 1968).
Long-term studies with (E,E)-2,4-hexadienoic acid have typically involved
administration of diets containing >5% of the test material (Deuel et al., 1954;
Gaunt et al., 1975; Hendy et al., 1976). According to protocols of the National
Toxicology Program, the maximum level for any addition to the food is generally
accepted to be 5%. Exposure to test materials in the diet at levels > 5% are known
to cause nutritional alterations in the diet that can impact upon evaluation of the
chronic toxicity and carcinogenicity of the test material.
The results of short-term and long-term studies of toxicity and carinogenicity
are summarized in Table 7.
(d)

Genotoxicity
(i)

In vitro

Testing for genotoxicity in vitro has been performed with six (Nos 1175, 1176,
1185, 1186, 1190 and 1193) representative members of the group of aliphatic, alicyclic, linear, a,b-unsaturated, di- and trienals and related alcohols, acids and
esters used as flavouring agents (see Table 8).
Testing for mutagenicity of a,b-unsaturated aldehydes in bacterial systems is
problematic due to their high bacterial toxicity. The cytotoxicity of these substances
is believed to arise from their interactions with protein sulfhydryl and amino groups
(Marnett et al., 1985; Eder et al., 1992). Standard assays for mutagenicity in S.
typhimurium were uniformly negative, but in modified assays results have been
predominantly positive.
In standard assays for mutagenicity in S. typhimurium, trans,trans-2,4-hexadienal was not mutagenic in the standard tester strains TA102 (Marnett et al., 1985),
TA98, TA1535 (Florin et al., 1980; National Toxicology Program, 2001), TA100 and
TA1537 (Florin et al., 1980; Marnett et al., 1985; National Toxicology Program,
2001) when tested at concentrations of up to 1500 mg/plate, with and without metabolic activation.
In modified assays for mutagenicity using liquid preincubation protocols (i.e.
addition of a GSH chase at the end of a 20-min incubation with TA104, or a 90min preincubation with a three-fold increase in cell density with TA100), significant
increases in reverse mutations in the absence of metabolic activation were
reported when S. typhimurium strains TA104 and TA100 were incubated with
trans,trans-2,4-hexadienal at a concentration of up to 481 mg/plate (Marnett et al.,
1985; Eder et al., 1992). Cytotoxicity was observed at concentrations of
≥96 mg/plate and greater. Strain TA104 contains a nonsense mutation (TAA) at
the site of reversion and is much more sensitive to carbonyl mutagenesis than

Flavouring agent

Rat; M,F

Rat; M,F
Rat; M,F
Rat; M,F

2-trans,4-trans-Decadienal

2-trans,4-trans-Decadienal

2-trans,4-trans-Decadienal
2-trans-6-cis-Dodecadienal
2-trans-4-cis-7-cisTridecatrienal

1190

1190

1190
1197
1198

trans,trans-2,4-Hexadienal

1175

Mouse; M,F

3/100

Gavage

Gavage

5/20

Mouse; M,F

trans,trans-2,4-Hexadienal

1175

Gavage

Diet
Diet
Diet

Gavage

Gavage

Gavage

Diet
Diet
Gavage

Gavage
Diet

Route

5/10

3/12
7/12
7/12

5/20

5/10

5/20

5/10
1/3
5/10

2/10
1/48

No. of test groupsa/
no. per groupb

Long-term studies of toxicity and carcinogenicitye
1175 trans,trans-2,4-Hexadienal
Mouse; M,F

Rat; M,F

Mouse; M,F

2-trans,4-trans-Decadienal

1190

Rat; M,F
Dog; M,F
Mouse; M,F

(E,E)-2,4-Hexadienoic acid
(E,E)-2,4-Hexadienoic acid
2-trans,4-trans-Decadienal

Rat; M,F
Rat; M,F

Species; sex

1176
1176
1190

Short-term studies of toxicity
1175 trans,trans-2,4-Hexadienal
1175 trans,trans-2,4-Hexadienal

No.

728 days

98 days

16 days

90 days
28 days
28 days

90 days

17 days

90 days

90 days
90 days
17 days

14 days
90 days

Duration

30 (M)
NE (F)
60 (M)
30 (F)

27

33.9
2.06d
33d

100

100 (M)
200 (F)
400

2480
1333c
400

7.5c
2.23c

NOEL (mg/kg
bw per day)

National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)

de Groot et al. (1974)
Mecler and Craig
(1980)
Deuel et al. (1954)
Deuel et al. (1954)
National Toxicology
Program (1997)
National Toxicology
Program (1997)
National Toxicology
Program (1997)
National Toxicology
Program (1997)
Damske et al. (1980)
Edwards (1973)
Edwards (1973)

Reference

Table 7. Results of short-term and long-term studies of toxicity and carinogenicity with aliphatic, alicyclic, linear, a,bunsaturated, di- and trienals and related alcohols, acids and esters
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acid,

Rat; M

1/6

3/98
2/96
1/6

3/100

5/20

5/10

No. of test groupsa/
no. per groupb

Diet

Diet
Diet
Drinking-water

Gavage

Gavage

Gavage

Route

420 days

560 days
730 days
420 days

728 days

98 days

16 days

Duration

50c

1400
750
300c

15 (M)
60 (F)
NE

27

NOEL (mg/kg
bw per day)

Dickens et al. (1968)

National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
Hendy et al. (1976)
Gaunt et al. (1975)
Dickens et al., (1968)

Reference

M, male; F, female; NE, not established
a
Total number of test groups does not include control animals
b
Total number per test group includes both male and female animals
c
Study performed with either a single dose or multiple doses that produced no adverse effect. The value is therefore not a true NOEL, but is the
highest dose tested that produced no adverse effects. The actual NOEL may be higher
d
The substance was administered as a component of a mixture
e
In the interest of preserving the sequential integrity, the short-term studies published by the National Toxicology Program are presented in this
section

1176

(E,E)-2,4-Hexadienoic
(E,E)-2,4-Hexadienoic
(E,E)-2,4-Hexadienoic
potassium salt
(E,E)-2,4-Hexadienoic
potassium salt

1176
1176
1176

Mouse; M,F
Rat; M,F
Rat; M

Rat; M,F

trans,trans-2,4-Hexadienal

1175

acid
acid
acid,

Rat; M,F

trans,trans-2,4-Hexadienal

1175

Rat; M,F

Species; sex

trans,trans-2,4-Hexadienal

Agent

1175

No.

Table 7. (contd)
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Reverse mutation

Reverse mutation

Reverse mutation
Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

SOS chromotest

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal
1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

End-point

Reverse mutation

Flavouring agent

In vitro
1175 trans,trans-2,4-Hexadienal

No.

E. coli PQ37 and PQ243

S. typhimurium TA100

S. typhimurium TA100

S. typhimurium TA1535

S. typhimurium TA1535,
TA98
S. typhimurium TA98

S. typhimurium TA100

S. typhimurium TA100

S. typhimurium TA100

S. typhimurium TA102
S. typhimurium TA100

S. typhimurium TA104

S. typhimurium TA98,
TA100, TA1535, and
TA1537
S. typhimurium TA104

Test object

£590 nmol
(57 mg/plate)a

£1 500 mg/plate

£333 mg/plate

£166 mg/plate

£150 mg/plate

£1 mmol/plate
(96 mg/plate)a
>5 mmol/plate
(>481 mg/plate)a
Not reported
0.01–0.4 ml/plate
(8.95–358 mg/plate)g
0.01–0.75 ml/plate
(8.95–671.3 mg/plate)g
0.005–0.4 ml/plate
(4.48–358 mg/plate)g
0.005–0.4 ml/plate
(4.48–358 mg/plate)g
£1 500 mg/plate

3 mmol/plate
(288 mg/plate)a

Dose or
concentration

Marnett et al. (1985)
Marnett et al. (1985)
Marnett et al. (1985)
Eder et al. (1992)
Eder et al. (1992)
Eder et al. (1992)
Eder et al. (1992)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
Eder et al. (1992)

Positived,e
Positived,e,f
Negatived,e
Positivee,h,i
Positiveh,i,j
Positivee,k,l
Positivej,k,l
Negativej

Negative

Positivej

Positivee,m

Negativee

Negativee

Florin et al. (1980)

Reference

Negativeb,c

Results

Table 8. Results of studies of genotoxicity with aliphatic, alicyclic, linear, di- and trienals and related alcohols, acids and esters
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Cell cycle
alterations
Cell cycle
alterations
Reverse mutation

Reverse mutation
SOS chromotest
DNA strand
breaks

Reverse mutation

Reverse mutation

Reverse mutation

SOS chromotest

1176 2,4-Hexadienoic acid,
potassium salt
1176 2,4-Hexadienoic acid,
sodium salt
1185 2,4-Nonadienal

1185 2,4-Nonadienal
1185 2,4-Nonadienal
1185 2,4-Nonadienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

End-point

SOS chromotest
DNA strand
breaks

Flavouring agent

1175 trans,trans-2,4-Hexadienal
1175 trans,trans-2,4-Hexadienal

No.

Table 8. (contd)

E. coli PQ37 and PQ243

S. typhimurium TA100

S. typhimurium TA100

S. typhimurium TA100

S. typhimurium TA102
E. coli PQ37
L1210 mouse leukaemia
cells

V79 Chinese hamster
cells
V79 Chinese hamster
cells
S. typhimurium TA104

E. coli PQ37
L1210 mouse leukaemia
cells

Test object

Schlatter et al. (1992)
Marnett et al. (1985)
Marnett et al. (1985)
Eder et al. (1993)
Eder et al. (1993)

Positivep,q
Negatived,e
Negatived,e
Negative
Negativeo

£2 500 mg/ml
£0.4 mmol/plate
(£55 mg/plate)r
Not reported
Not reported
400 mmol/ml
(55 284 mg/ml)r
500 mmol/ml
(69 105 mg/ml)r
0.01–0.1 ml/plate
(8.6–86 mg/plate)s
0.005–0.4 ml/plate
(4.3–344 mg/plate)s
0.005–0.25 ml/plate
(4.3–344 mg/plate)s
£80 nmol
(11 mg/plate)r

Eder et al. (1992)

Negativej,k,l

Eder et al. (1992)

Eder et al. (1992)

Negativee,k,l

Negative

Eder et al. (1992)

Negativee,h,i

Positive

Positiveo

Schlatter et al. (1992)

Eder et al. (1993)
Eder et al. (1993)

Positiven
Negative

Positivep

Reference

Results

Not reported
20 mmol/ml
(1 923 mg/ml)a
300, 500 mmol/ml
(28 839, 48 065 mg/
ml)a
£2 500 mg/ml

Dose or
concentration
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Structural
chromosomal
aberration test
Structural
chromosomal
aberration test
Numerical
chromosomal
aberration test

Micronucleus
formation

Micronucleus
formation

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

1186 Nona-2-trans-6-cis-dienal

Sister chromatid
exchange

1186 Nona-2-trans-6-cis-dienal

End-point

Sister chromatid
exchange

Flavouring agent

1186 Nona-2-trans-6-cis-dienal

No.

Table 8. (contd)

Human lymphoblastoid
Namalva cell line

Primary human blood
lymphocytes

Primary human blood
lymphocytes

Primary human blood
lymphocytes

Human lymphoblastoid
Namalva cell line

Primary human blood
lymphocytes

Human lymphoblastoid
Namalva cell line

Test object

0–20 mmol/l
(0–2.76 mg/ml)r
40 mmol/l
(5.5 mg/ml)r
0–10 mmol/l
(0–1.38 mg/ml)r
20–50 mmol/l
(2.76–6.9 mg/ml)r
0–20 mmol/l
(0–2.76 mg/ml)r
40–50 mmol/l
(5.5–6.9 mg/ml)r

0–40 mmol/l
(0–5.5 mg/ml)r

0–10 mmol/l
(0–1.38 mg/ml)r
20–40 mmol/l
(2.8–5.5 mg/ml)r
0–10 mmol/l
(0–1.38 mg/ml)r
20–50 mmol/l
(2.8–6.9 mg/ml)r
5–40 mmol/l
(0.69–5.5 mg/ml)r

Dose or
concentration

Positive

Negative

Positive

Negative

Positive

Negative

Negative

Positive

Positive

Negative

Positive

Negative

Results

Dittberner et al. (1995)

Dittberner et al. (1995)

Dittberner et al. (1995)

Dittberner et al. (1995)

Dittberner et al. (1995)

Dittberner et al. (1995)

Dittberner et al. (1995)

Reference
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1190 2-trans,4-trans-Decadienal

1176 2,4-Hexadienoic acid

1176 2,4-Hexadienoic acid

1176 2,4-Hexadienoic acid

1176 2,4-Hexadienoic acid,
sodium salt

1176 2,4-Hexadienoic acid,
potassium salt

1175 trans,trans-2,4-Hexadienal

1175 trans,trans-2,4-Hexadienal

In vivo
1175 trans,trans-2,4-Hexadienal

Micronucleus
formation

Micronucleus
formation
Micronucleus
formation
Micronucleus
formation
Somatic mutation
and
recombination
Somatic mutation
and
recombination
Chromosome
aberration
Micronucleus
formation
Sister chromatid
exchange

Reverse mutation

1193 Ethyl 2,4,7-decatrienoate

End-point

Reverse mutation

Flavouring agent

1190 2-trans,4-trans-Decadienal

No.

Table 8. (contd)

Mouse

Mouse

Mouse

Mouse

Drosophila melanogaster

Drosophila melanogaster

Rat

Mouse

Mouse

S. typhimurium TA97,
TA98, TA100, TA102,
TA104 and TA1535
S. typhimurium TA100,
TA1535, TA1538, TA98
and TA1537

Test object

2.5, 20 mg/kg bw
150 mg/kg bw
25 to 50 mg/kg bw
75, 100, or 150 mg/
kg bw
50, 100, 200, 400, or
800 mg/kg

15 mg/kg bw

3.35 mg/ml

Mukherjee et al. (1988)

Negativev
Positivev
Negativev
Positivev
Negativez

Banerjee & Giri (1986)

Positivex,y

National Toxicology
Program (1997)

Mukherjee et al. (1988)

Schlatter et al. (1992)

Negativew

Negativew

Inconclusivev

Negativeu

National Toxicology
Program (2001)
National Toxicology
Program (2001)
National Toxicology
Program (2001)
Schlatter et al. (1992)

Thompson (1996)

Negativec

1.5–5 000 mg/plate

Inconclusivet

National Toxicology
Program (1997)

Negativec

£333 mg/plate

40, 80, 120, or
160 mg/kg
7.5, 15, 30, 60, or
120 mg/kg
50, 100, 150, or
200 mg/kg
3.75 mg/ml

Reference

Results

Dose or
concentration
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z

y

x

w

v

u

t

s

r

q

p

o

n

m

l

k

j

i

h

g

f

e

d

c

b

a

Calculated using relative molecular mass = 96.13
Spot test method
With and without metabolic activation
Liquid preincubation
Without metabolic activation
Addition of 10 mmol/l glutathione
Calculated using density = 0.896 g/ml (Sigma-Aldrich)
Standard bacterial density
30-min preincubation
With metabolic activation
Three-fold bacterial cell density
90-min preincubation
Positive in 1 of 2 testing centres
With ethanol as solvent instead of dimethylsulfoxide
Results demonstrated in the presence of cytotoxicty
Pattern of positive effects is suggestive of weak aneugenic activity
Positive effects observed only with stored solutions (28-days old)
Calculated using relative molecular mass = 138.21
Calculated using specific gravity = 0.850–0.870 g/ml (Food and Chemicals Codex, 1996)
Administered three times by intraperitoneal injection at 24-h intervals
Administered by gavage for 14 weeks
Administered as a single intraperitoneal injection
Administered orally
Administered by gavage for 30 days
Positive effects limited to spindle activity; no effects observed on structural chromosome aberrations
Administered by injection

Notes to Table 8.
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standard strains of S. typhimurium. Also, increased TA104 sensitivity is related to
the incorporation of the pKM101 plasmid, which encodes for an error-prone DNA
polymerase involved in bypass-replication of lesions (Marnett et al., 1985). Owing
to the increased susceptibility of TA104 to cytotoxicity, GSH was incorporated into
the S. typhimurium assay for mutagenicity. Consequently, the maximum non-toxic
dose of trans,trans-2,4-hexadienal tested increased from 96 to >481 mg/plate after
the addition of 10 mmol/l of reduced GSH at the end of the preincubation period;
however, its mutagenic potential remained unaltered. The authors proposed that
the addition of GSH reduced toxicity by preventing excess aldehyde, present after
incubation, from reacting with protein sulfhydryl groups. No evidence of mutagenicity was reported when trans,trans-2,4-hexadienal was incubated with TA102,
a strain that contains the uvrB gene that encodes for an error-free DNA excision
repair (Marnett et al., 1985).
Other changes in methodology have been used to evaluate mutagenic potential in the presence of significant cytotoxicity. In preincubation assays for mutagenicity in S. typhimurium strain TA100, a,b-unsaturated aldehydes were
incubated with the standard density of bacterial cells (Eder et al., 1992, 1993;
National Toxicology Program, 2001) or with a density of bacterial cells of three
times more than the standard (Eder et al., 1992; 1993). Under normal conditions
involving a 30-min preincubation, and a standard density of bacterial cells, the high
cytotoxicity exerted by simple linear aldehydes may limit the detection of mutagenic responses (e.g. pentenal, hexenal, heptenal). However, at three times the
standard density and an increased preincubation time of 90 min, incubation of pentenal, hexenal, or hexadienal, with or without metabolic activation, produced a frequency of spontaneous reversion of at least twice that observed under standard
conditions. Under the specified conditions, results obtained using S. typhimurium
strain TA100 were found to be consistent with reports that hexanal and hexadienal
are mutagenic in tester strain TA104 in the presence of GSH (Marnett et al., 1985).
Among the aldehydes investigated, increased cytotoxicity and mutagenicity correlated with increased lipophilicity. The effect of detoxication in the presence of metabolic activation was indicated by a shift to higher, non-cytotoxic doses and higher
peak frequencies of revertants.
Negative results were reported with Escherichia coli strains PQ37 and PQ243
(SOS chromotest) incubated in the presence of trans,trans-2,4-hexadienal or
nona-2-trans-6-cis-dienal at concentrations of up to 57 and 11 mg/plate, respectively (Eder et al., 1992).
Negative results were reported in assays for mutagenicity when S. typhimurium
strains TA97, TA98, TA100, TA102, TA104, TA1535, TA1537 and TA1538 were
incubated with up to 55 mg 2,4-nonadienal/plate (Marnett et al., 1985), up to 344
mg nona-2-trans-6-cis-dienal/plate (Eder et al., 1992), up to 333 mg of 2-trans,4trans-decadienal/plate (National Toxicology Program, 1997), or up to 5000 mg of
ethyl 2,4,7-decatrienoate/plate (Thompson, 1996), with and without metabolic
activation.
In an assay for alkaline elution, trans,trans-2,4-hexadienal and 2,4-nonadienal
induced single strand breaks. An increase in single strand breaks in DNA was also
observed when trans,trans-2,4-hexadienal at the slightly toxic concentration of
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28.8 mg/ml was incubated with L1210 mouse leukaemia cells (4 ml at 106 cells/ml).
2,4-Nonadienal produced single strand breaks at the highly toxic concentration of
69.1 mg/ml. In an investigation of the reactions occurring between the compound
and the components of DNA (nucleosides and nucleotides), trans,trans-2,4hexadienal was found to form the DNA adduct 1,2-cyclic deoxyguanosine and, to
a smaller extent, 7,8-cyclic guanosine adducts. The authors concluded that
trans,trans-2,4-hexadienal and 2,4-nonadienal may induce strand breaks either by
direct interaction with DNA, or by programmed cell death, mediated by endonucleolytic enzymes (Eder et al., 1993).
A study investigated the ability of a,b-unsaturated aldehydes to induce sister
chromatid exchanges, numerical and structural chromosomal aberrations, and
micronuclei in cultured cells that were low in GSH and detoxication enzymes (i.e.
human blood lymphocytes and Namalva cell lines) (Dittberner et al., 1995). When
nona-2-trans-6-cis-dienal at a concentration of 5–50 mmol/l was incubated with cultured human lymphocyte and Namalva cells, the number of sister chromatid
exchanges was increased at concentrations of 20 mmol/l (2.8 mg/ml)7 and above.
The number of structural chromosomal aberrations in human blood lymphocytes
did not change over the concentration range of 0–40 mmol/l (5.5 mg/ml)8. In
Namalva cells, that contain lower concentrations of GSH and detoxication
enzymes, an increase in chromosomal aberrations was reported at concentrations
of nona-2-trans-6-cis-dienal as low as 5 mmol/l (0.69 mg/ml)8. The incidence of
micronuclei in blood lymphocytes and Namalva cells was increased at a minimum
concentration of 20 mmol/l (2.8 mg/ml)8 and 40 mmol/l (5.5 mg/ml)8, respectively. The
authors noted that nona-2-trans-6-cis-dienal exhibited severe toxicity at concentrations of 50 mmol/l and above. No attempts were made to assess at what concentrations lysosomal breakdown occurred in the assays for sister chromatid
exchanges and numerical and structural chromosomal aberrations. It has been
previously established that increases in the incidence of sister chromatid
exchanges and numerical and structural chromosomal aberrations near or at
observable levels of cytotoxicity may reflect secondary effects resulting from lysosome breakdown and release of DNAase (Zajac-Kaye & Ts’o, 1984; Bradley et al.,
1987).
(ii)

In vivo

Testing for the genotoxic potential of sodium and potassium 2,4-hexadienoic
acid in somatic cells of Drosophila melanogaster after a 48-h feeding, yielded negative results at respective concentrations of 3.35 and 3.75 mg/ml (Schlatter et al.,
1992).
Tests for formation of micronuclei were conducted to investigate the ability of
trans,trans-2,4-hexadienal to induce chromosomal damage in polychromatic erythrocytes from bone marrow of B6C3F1 mice and Fischer 344/N rats. The animals
were given trans,trans-2,4-hexadienal by intraperitoneal injection at doses ranging

8

Calculated using relative molecular mass = 138.21.
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from 40 to 160 mg/kg bw per day for mice and 50 to 200 mg/kg bw per day for rats.
Although the numbers of micronucleated polychromatic erythrocytes per 1000
polychromatic erythrocytes reported in the trend analyses were significant (mouse,
p = 0.024; rat, p = 0.017), the results were judged to be inconclusive as none of
the mean values obtained for the individual treated groups were greater than the
mean value for the controls (National Toxicology Program, 2001). Micronucleus
tests conducted in the peripheral blood normochromatic erythrocytes of mice after
administration of trans,trans-2,4-hexadienal (7.5–120 mg/kg bw per day) (National
Toxicology Program, 2001) and 2-trans,4-trans-decadienal (50–800 mg/kg bw per
day) by gavage for 14 weeks, yielded negative results (National Toxicology
Program, 1997).
The potential genotoxicity of repeated doses of 2,4-hexadienoic acid was investigated in a test for chromosomal aberrations in mouse bone marrow. Groups of
10 Swiss albino male mice were given 2,4-hexadienoic acid at a daily dose of 0
(control) or 15 mg/kg bw by gavage for 30 days. Although there was an increase
in the mitotic index, there was no significant increase in structural chromosomal
aberrations as compared with the control group (Banerjee & Giri, 1986).
In a later study, groups of eight Swiss albino male mice were given 2,4hexadienoic acid in a single intraperitoneal injection containing a dose of 0, 25,
50, 75, 100, or 150 mg/kg bw (Mukherjee et al., 1988). A significant increase in
sister chromatid exchanges (p < 0.05) was observed in animals receiving 2,4-hexadienoic acid at a dose of ≥75 mg/kg bw per day. In a concurrent assay, groups of
four mice were sacrificed at 24 h or 48 h, and the incidence of micronucleated cells
per 500 polychromatic erythrocytes was recorded per animal, after administration
of 2,4-hexadienoic acid at an acute intraperitoneal dose of 0, 2.5, 20, or 150 mg/kg
bw. Micronucleated polychromatic erythrocytes were significantly increased (p <
0.05) at the highest dose evaluated (150 mg/kg bw). It is important to note that the
positive findings in vivo resulted from intraperitoneal administration, which has no
relevance to human consumption of flavouring agents. In studies using administration by gavage, there was no genotoxic activity.
Discussion of data on genotoxicity
Testing for mutagenicity of a,b-unsaturated aldehydes in standard S.
typhimurium assays using a variety of strains (TA97, TA98, TA100, TA102, TA104,
TA1535, TA1537 and TA1538) have shown no evidence of mutagenicity (Florin et
al., 1980; National Toxicology Program, 1997, 2001). However, alternative protocols have been developed to reduce the cytotoxicity of a,b-unsaturated aldehydes. In these studies, positive results were reported in modified assays using
preincubation conditions conducive to depletion of metabolic detoxication pathways (Eder et al., 1992; 1993). Evidence for genotoxicity also was reported in other
assays (sister chromatid exchanges, numerical and structural chromosomal aberrations, formation of micronuclei) performed in cultured cells low in detoxication
capacity (Namalva cells and human lymphocytes) (Dittberner et al., 1995). The relatively high concentrations of a,b-unsaturated aldehydes (20–40 mmol/l) used in
these studies caused single-strand breaks in DNA, but no cross-linking. The conditions of the experiments (high concentrations of aldehyde in cell lines poor in
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detoxication capacity) provided an opportunity for either direct interaction of a,bunsaturated aldehydes with DNA or indirect formation of DNA adducts, due
to oxidative stress. It is now well recognized that high concentrations of a,bunsaturated aldehydes deplete GSH, leading to release of nucleocytolytic
enzymes that produce DNA fragmentation, cellular damage and apoptosis (see
2.3.1(c)). However, evidence also has indicated that at low concentrations, such
as those resulting from intake of flavouring substances, a,b-unsaturated aldehydes are rapidly metabolized in the high capacity b-oxidation pathway. There is no
convincing evidence that a,b-unsaturated aldehydes exhibit a significant genotoxic
potential in vivo after oral administration.
(e)

Reproductive toxicity
(i)

(E,E)-2,4-hexadienoic acid (sorbic acid; no. 1176)

Groups of Sprague-Dawley rats aged 90 days were mated after being fed a
diet of Purina laboratory chow containing 10% (E,E)-2,4-hexadienoic acid for 60
days. The offspring of this parent generation were also mated at age 90 days after
being fed the diet containing 10% (E,E)-2,4-hexadienoic acid for 70 days. Body
weights of individual animals from the parent generation were recorded at the
beginning of the study and after 30, 60, 90, and 120 days of feeding. Body weights
of individual animals from the F1 generation were recorded at 40, 70, and 120 days
of feeding. Throughout the study, general appearance, behaviour, and food consumption were not affected by the diet. Increased ratios of liver weight to body
weight were reported in all groups as compared with the corresponding controls,
with the exception of the treated females from the F1 generation. No treatmentrelated effects on reproduction were reported. At the termination of the feeding
studies, livers from randomly selected controls and treated rats were removed to
study metabolism in liver homogenates. No significant differences in the oxygen
consumption of liver homogenates were reported between the treated animals
from the parent generation and the controls. In the F1 generation, however, the
oxygen consumption of the liver homogenates was significantly different from that
of the controls at the 95% level. In this generation, the female controls had the
highest rate of oxygen consumption while the male controls had the lowest. This
is not toxicologically significant because female rats are known to have a higher
metabolic rate than males. The rates of consumption of the treated males and
females in the F1 generation were almost identical. The authors concluded that the
diet containing 10% (E,E)-2,4-hexadienoic acid did not cause any significant treatment-related effects in rats (Demaree et al., 1955).
Mechanism of action
The mechanism by which hepatomas were induced in mice given diets containing high concentrations of 2,4-hexadienoic acid (Ishizawa et al., 1980) was
studied by Tsuchiya & Yamaha (1984). Ether extracts of acidic components of
intestinal contents from groups of male Jcl/ICR mice maintained for 1 year on a
diet containing 15% 2,4-hexadienoic acid were shown to be mutagenic in S.
typhimurium strain TA98. Also, the test substance produced hepatomegaly and a
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40% reduction in concentrations of GSH in the liver. Owing to the unorthodox procedure used to determine the carcinogenicity of 2,4-hexadienoic acid in this study
and in the mechanistic study, the results of this study cannot be considered informative; the daily intake of diet containing 15% 2,4-hexadienoic acid is three times
greater than the generally accepted maximum level (5%) for addition to food
according to the protocols of the National Toxicology Program. Test materials
administered at levels >5% can cause nutritional alterations in the diet that can
impact upon the evaluation of carcinogenicity.

3.

SECONDARY COMPONENTS

Ten members (Nos 1179,1180, 1183, 1185, 1189–1192, 1196, 1198) of this
group of flavouring agents have minumum assay values of <95%. Some of the
secondary components of the flavouring agents are themselves flavouring agents
that were evaluated by the Committee at its previous meetings. None of the secondary components were considered to present a safety concern (see Annex 6).

4.
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The Committee evaluated a group of flavouring agents comprising 32 aliphatic
branched-chain saturated and unsaturated alcohols, aldehydes, acids, and related
esters (see Table 1) by the Procedure for the Safety Evaluation of Flavouring
Agents (see Figure 1, Introduction). The Committee had previously evaluated two
members of this group; citronellol (No. 1219) and citral (No. 1225) were both evaluated by the Committee at its eleventh meeting (Annex 1, reference 14), when
conditional acceptable daily intakes (ADIs)1 of 0–0.25 mg/kg bw and 0–1 mg/kg bw
1

“Conditional ADI”, which signifies an ADI with special considerations, is a term no longer
used by JECFA.
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1200

1201

1202

1203

2-Methyl-2-butenal

3-Methyl-2-butenal

Ammonium
isovalerate
(ammonium salt of
isovaleric acid)

1199

Structural class I
(+/-) 2-Methyl-1butanol

3-Methyl-2-buten1-ol

No.

Flavouring agent

O

HO

O

7563-33-9

H

107-86-8

O

H

1115-11-3

HO

556-82-1

HO

137-32-6

CAS No. and
structure

No
Europe: 18
USA: 16

No
Europe: 3.9
USA: 0.5

No
Europe: 0.7
USA: 0.2

No
Europe: 5.4
USA: 3.8

No
Europe: ND
USA: 35

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 2

See note 1

See note 1

See note 1

See note 1

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current
intake

Table 1. Summary of results of safety evaluations of aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids,
and related esters used as flavouring agents a

No.

1204

1205

1206

1207

1208

Flavouring agent

3-Methylcrotonic acid

trans-2-Methyl-2butenoic acid

Isobutyl 2-butenoate

2-Methylallyl butyrate

4-Methyl-2-pentenal

Table 1. (contd)

HO

H

O

5362-56-1

O

7149-29-3

O

589-66-2

O

HO

80-59-1

O

541-47-9

O

O

CAS No. and
structure

No
Europe: 0.3
USA: 0.2

No
Europe: ND
USA: 0.2

No
Europe: 0.5
USA: 45

No
Europe: 4.9
USA: 1.6

No
Europe: 121
USA: 0.01

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 1

See note 3

See note 3

See note 2

See note 2

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current
intake

No.

1209

1210

1211

1212

1213

Flavouring agent

2-Methyl-2-pentenal

2-Methyl-2-pentenoic
acid

2,4-Dimethyl-2pentenoic acid

2-Methylheptanoic
acid

Isobutyl angelate

Table 1. (contd)

H

O

O

O

7779-81-9

O

HO

1188-02-9

HO

O

66634-97-7

HO

3142-72-1

O

623-36-9

CAS No. and
structure

No
Europe: 0.1
USA: 0.1

No
Europe: 17
USA: 6

No
Europe: 0.1
USA: 0.1

No
Europe: 42
USA: 20

No
Europe: 4
USA: 0.2

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 3

See note 2

See note 2

See note 2

See note 1

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current
intake

No.

1214

1215

1216

1217

Flavouring agent

2-Butyl-2-butenal

2-Isopropyl-5-methyl2-hexenal

2-Ethyl-2-heptenal

2-Methyl-2-octenal

Table 1. (contd)

H

O

O

H

O

73757-27-4

H

10031-88-6

H

35158-25-9

O

25409-08-9

CAS No. and
structure

No
Europe: ND
USA: 7.9

No
Europe: 0.01
USA: 0.1

No
Europe: 0.3
USA: 0.01

No
Europe: ND
USA: 0.01

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 1

See note 4

See note 4

See note 4

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current
intake

No.

1218

1219

1220

1221

1222

Flavouring agent

4-Ethyloctanoic acid

dl-Citronellol

Citronellal

3,7-Dimethyl-6octenoic acid

Rhodinol

Table 1. (contd)

HO

6812-78-8

HO

O

502-47-6

O

H

106-23-0

HO

106-22-9

O

OH

16493-80-4

CAS No. and
structure

No
Europe: 53
USA: 8.4

No
Europe: 3.1
USA: 0.2

No
Europe: 945
USA: 324

No
Europe: 370
USA: 771

No
Europe: ND
USA: 4

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 4

See note 4

See note 4

See note 4

See note 2

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

*

No safety
concern

Conclusion
based on
current
intake

No.

1223

1224

1225

Flavouring agent

Geraniol

Nerol

Citral (Mixture of
the trans and cis
isomers geranial
and neral)

Table 1. (contd)

O

O

H

H

5392-40-5

HO

106-25-2

HO

106-24-1

CAS No. and
structure

Yes
Europe: 6849
USA: 6990

No
Europe: 290
USA: 171

No
Europe: 640
USA: 315

Step A3b
Does intake
exceed the
threshold for
human
intake?

No

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

See note 4

See note 4

Comments
on predicted
metabolism

Yes. The NOEL See note 4
of 60 mg/kg bw
per day (National
Toxicology
Program, 2003)
for citral is >500
times more than
the estimated
daily intakes of
114 mg/kg bw in
Europe and
117 mg/kg bw in
the USA when
used a
flavouring agent

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

*

No safety
concern

No safety
concern

Conclusion
based on
current
intake

H

75853-49-5

1227

1228

1229

2,6-Dimethyl-10methylene-2,6,11dodecatrienal

3,7,11-Trimethyl-2,6,
10-dodecatrienal

12-Methyltridecanal

O

O

H

O

19317-11-4

H

60066-88-8

O

O

197098-61-6

1226

8-Ocimenyl acetate

CAS No. and
structure

No.

Flavouring agent

Table 1. (contd)

No
Europe: ND
USA: 0.5

No
Europe: ND
USA: 0.2

No
Europe: 5.1
USA: 0.5

No
Europe: ND
USA: 7.7

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?

NR

NR

NR

NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?

See note 1

See note 4

See note 4

See note 4

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current
intake

1230

Farnesol

HO

4602-84-0

CAS No. and
structure

No
Europe: 9
USA: 2.6

Step A3b
Does intake
exceed the
threshold for
human
intake?

NR

Step A4
Is the
flavouring
agent or
are its
metabolites
endogenous?
NR

Step A5
Adequate
margin of
safety for the
flavouring agent
or related
substance?
See note 4

Comments
on predicted
metabolism

No safety
concern

Conclusion
based on
current
intake

Notes:
1. Primarily oxidized to corresponding carboxylic acid that may enter the b-oxidation pathway yielding shorter chain carboxylic acids that are
subsequently metabolized to CO2 via the tricarboxylic acid pathway.
2. Metabolized primarily via the b-oxidation pathway yielding shorter chain carboxylic acids that are subsequently metabolized to CO2 via the tricarboxylic
acid pathway.
3. Hydrolysed to the corresponding alcohol and carboxylic acid, then participates in the pathway cited in notes 1 and 2.
4. Oxidized to corresponding carboxylic acid. The acid may undergo partial b-oxidation, be excreted or undergo w-oxidation to yield polar polyoxygenated
metabolites that are excreted free or conjugated primarily in the urine. If unsaturation is present, the polar polyoxygenated metabolites may also form
hydrogenation or hydration metabolites.

CAS: Chemical Abstracts Service; ND: no intake data reported; NR: not required for evaluation because consumption of the agent was determined to be
of no safety concern at Step A3 of the Procedure.
a
Step 2: All of the flavouring agents in this group are expected to be metabolized to innocuous products.
b
The threshold for human intake for structural class I is 1800 mg/day. All intake values are expressed in mg/day. The combined per capita intake of
flavouring agents in structural class I is 9382 mg per day in Europe and 8732 mg per day in the USA.
* A group ADI of 0–0.5 mg/kg bw, expressed as citral, was established for citral, citronellol, geranyl acetate, linalool, and linalyl acetate by the Committee
at its twent-third meeting (Annex 1, reference 50), which was maintained at the present meeting. Use of citronellol and citral as flavouring agents is
subsumed in the group ADI.

No.

Flavouring agent

Table 1. (contd)
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respectively, were allocated. Citronellol and citral were re-evaluated at the twentythird meeting of the Committee (Annex 1, reference 50) as part of a group of terpenoid flavouring agents, including geranyl acetate, linalool and linalyl acetate. A
group ADI of 0–0.5 mg/kg bw, expressed as citral, was established for citral, geranyl
acetate, citronellol, linalool, and linalyl acetate on the basis of their clearly-defined
metabolism, rapid excretion, and low toxicity in short-term studies. The Committee maintained, however, that a long-term study was required for at least one
member of this group. At its forty-ninth meeting (Annex 1, reference 131), the Committee evaluated a group of 26 geranyl, neryl, citronellyl, and rhodinyl esters
formed from branched-chain terpenoid alcohols and aliphatic acyclic linear and
branched-chain carboxylic acids by the Procedure. Two-year studies of carcinogenicity had been conducted for a mixture of two of these esters, geranyl acetate
and citronellyl acetate. The Committee concluded that there were no safety concerns for any of the 26 substances under the low levels of intake arising from their
use as flavouring agents and maintained the group ADI for citral, geranyl acetate,
citronellol, linalool, and linalyl acetate. Likewise, at its fifty-first meeting (Annex 1,
reference 137) when the Committee re-evaluated linalool and linalyl acetate, the
group ADI was maintained.
Twenty-four of the 32 flavouring agents (Nos 1199–1202, 1204–1206,
1208–1210, 1212, 1213, 1215, 1217–1221, 1223–1225, 1227, 1228, 1230) have
been reported to occur naturally in foods. The substances that occur naturally in
the highest abundance are the monoterpene primary alcohols, aldehydes, and carboxylic acids. They have been detected in fruits such as raspberries, strawberries,
bananas, kumquats, and myrtle berries, as well as in many alcoholic beverages,
including beer, wine, whisky, brandy and rum. They are most abundant, however,
in citrus fruits and in many spices and spice oils, including ginger, coriander, cinnamon, mustard, chamomile, sage and thyme (Maarse et al., 1999).
1.2

Estimated daily intake

The total annual volume of production of the 32 flavouring agents in this group
is approximately 66 000 kg in Europe (International Organization of the Flavour
Industry, 1995) and 66 000 kg in the USA (National Academy of Sciences, 1970,
1975, 1982, 1987, as reported in National Academy of Sciences, 1989; Lucas et
al., 1999). More than 95% of the total annual volume of production in Europe and
the USA is accounted for by citronellol (No. 1219), citronellal (No. 1220), geraniol
(No. 1223), nerol (No. 1224), and citral (No. 1225). Of these, citral accounts for
approximately 73% of the total annual volume of production in Europe and 80%
in the USA. The estimated daily per capita intakes of citral in Europe and the USA
are 6849 mg and 6990 mg, respectively. The daily intakes per capita of all the other
flavouring agents in the group are estimated to be in the range of 0.01–945 mg,
most values being below 50 mg. The daily per capita intake of each agent in Europe
and in the USA is reported in Table 2.
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Table 2. Annual volumes of production of aliphatic branched-chain saturated
and unsaturated alcohols, aldehydes, acids, and related esters used as
flavouring agents in Europe and the USA
Flavouring agent (No.)

Most recent
annual
volume (kg)a

Intakeb
(‘eaters only’)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

(+/-) 2-Methyl-1-butanol (1199)
Europe
NR
USAe
200

NA
35

NA
0.6

+

NA

3-Methyl-2-buten-1-ol (1200)
Europe
38
USA
29

5.4
3.8

0.1
0.1

6 156

212

2-Methyl-2-butenal (1201)
Europe
USA

5
1.4

0.7
0.2

0.01
0.003

3 871

2 765

3-Methyl-2-butenal (1202)
Europe
USAf

27
2.7

3.9
0.5

0.1
0.01

+

NA

Ammonium isovalerate (1203)
Europe
127
USA
118

18
16

0.3
0.3

-

NA

3-Methylcrotonic acid (1204)
Europe
850
USA
0.05

121
0.01

2
0.0001

+

NA

trans-2-Methyl-2-butenoic acid (1205)
Europe
34
USA
12

4.9
1.6

0.1
0.03

77

6

Isobutyl 2-butenoate (1206)
Europe
3.8
USA
340

0.5
45

0.01
0.7

+

NA

2-Methylallyl butyrate (1207)
Europe
NR
1.4
USAf

NA
0.2

NA
0.004

-

NA

4-Methyl-2-pentenal (1208)
Europe
USA

2
1.8

0.3
0.2

0.005
0.004

+

NA

2-Methyl-2-pentenal (1209)
Europe
USA

28
1.8

4
0.2

0.1
0.004

855

475

2-Methyl-2-pentenoic acid (1210)
Europe
297
USA
154

42
20

0.7
0.3

+

NA

2,4-Dimethyl-2-pentenoic acid (1211)
Europe
1
USA
0.9

0.1
0.1

0.002
0.002

-

NA
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Table 2. (contd)
Flavouring agent (No.)

Most recent
annual
volume (kg)a

Intakeb
(‘eaters only’)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

2-Methylheptanoic acid (1212)
Europe
118
USA
45

17
6

0.3
0.1

+

NA

Isobutyl angelate (1213)
Europe
USAf

1
0.5

0.1
0.1

0.002
0.001

+

NA

2-Butyl-2-butenal (1214)
Europe
USAf

NR
0.05

NA
0.01

NA
0.0001

-

NA

2-Isopropyl-5-methyl-2-hexenal (1215)
Europe
2
USA
0.05

0.3
0.01

0.005
0.0001

+

NA

2-Ethyl-2-heptenal (1216)
Europe
USAf

0.1
0.5

0.01
0.1

0.0002
0.001

-

NA

2-Methyl-2-octenal (1217)
Europe
USAe

NR
45

NA
7.9

NA
0.1

+

NA

4-Ethyloctanoic acid (1218)
Europe
USAe

NR
23

NA
4

NA
0.1

+

NA

dl-Citronellol (1219)
Europe
USA

2 591
5 851

370
771

6.2
13

1 578

0.3

Citronellal (1220)
Europe
USA

6 625
2 458

945
324

16
5.4

1 088

0.4

3,7-Dimethyl-6-octenoic acid (1221)
Europe
22
USA
1.8

3.1
0.2

0.1
0.004

+

NA

Rhodinol (1222)
Europe
USA

373
64

53
8.4

0.9
0.1

-

NA

Geraniol (1223)
Europe
USA

4 488
2 390

640
315

11
5.2

20 856

9

Nerol (1224)
Europe
USA

2 032
1 302

290
171

4.8
2.9

603

0.5

Citral (1225)
Europe
USA

47 997
53 070

6 849
6 990

114
117

38 073

0.7
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Table 2. (contd)
Flavouring agent (No.)

Most recent
annual
volume (kg)a

Intakeb
(‘eaters only’)
mg/day

mg/kg bw
per day

Annual
volume in
naturally
occurring
foods (kg)c

NA
7.7

NA
0.1

-

NA

2,6-Dimethyl-10-methylene-2,6,11-dodecatrienal (1227)
Europe
36
5.1
0.1
USA
3.6
0.5
0.01

+

NA

3,7,11-Trimethyl-2,6,10-dodecatrienal (1228)
Europe
NR
NA
USAe
1.3
0.2

NA
0.004

+

NA

12-Methyltridecanal (1229)
Europe
USAe

NR
3

NA
0.5

NA
0.01

-

NA

Farnesol (1230)
Europe
USA

63
20

9
2.6

0.1
0.04

243

12

8-Ocimenyl acetate (1226)
Europe
USAe

Total
Europe
USA

NR
44

Consumption
ratiod

65 761
66 186

NA, not applicable; NR, not reported; +, reported to occur naturally in foods (Maarse et al.,
1999), but quantitative data were not available; -, not reported to occur naturally in foods
a
From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or
National Academy of Sciences (1989)
b
Intake expressed as mg/person per day was calculated as follows: [(annual volume, kg)
¥ (1 ¥ 109 mg/kg)/(population ¥ survey correction factor ¥ 365 days)], where population
(10%, “eaters only”) = 32 ¥ 106 for Europe and 26 ¥ 106 for the USA. The correction
factor = 0.6 for Europe and USA National Academy of Sciences surveys and 0.8 for the
USA, representing the assumption that only 60% and 80% of the annual volume of the
flavour, respectively, was reported in the poundage surveys (Lucas et al., 1999;
International Organization of the Flavour Industry, 1995; National Academy of Sciences,
1989). Intake expressed as mg/kg bw per day calculated as follows: [(mg/person per
day)/body weight], where body weight = 60 kg. Slight variations may occur from
rounding.
c
Quantitative data for the USA reported by Stofberg & Grundschober (1987)
d
Calculated as follows: (annual consumption in food, kg)/(most recent reported volume as
a flavouring agent, kg)
e
The volume cited is the current anticipated annual volume, which was the maximum
amount of flavouring agent estimated to be used annually by the manufacturer at the
time the material was proposed for flavour use. National surveys (National Academy of
Sciences 1970, 1975, 1982, or 1987 as reported in National Academy of Sciences
(1989); Lucas et al., 1999) revealed no reported use of the substance as a flavouring
agent at that time.
f
Annual volume reported in previous USA surveys (National Academy of Sciences 1970,
1975, 1982, or 1987, as reported in National Academy of Sciences (1989))
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Absorption, distribution, metabolism, and elimination

The four esters in this group can be expected to be hydrolysed by esterases
to the corresponding alcohols and carboxylic acids (Heymann, 1980). Once
formed, the latter substances, together with the other alcohols, acids and aldehydes in this group, are readily absorbed from the gastrointestinal tract. On the basis
of the results of a study with citral, after absorption the substances can be expected
to be distributed rapidly throughout the body, metabolized, and excreted as polar
metabolites in the urine, faeces, and expired air. There is no evidence for accumulation in the body (Diliberto et al., 1988).
The substances in this group share common metabolic pathways. Shorter
branched-chain aliphatic alcohols, aldehydes, and acids undergo b-oxidative
cleavage to yield intermediates of the amino acid and/or fatty acid metabolic pathways. These intermediates are completely metabolized to CO2 via the tricarboxylic
acid cycle. As chain length and substitution increase, the alcohols and aldehydes
undergo a combination of w-, w-1 and b-oxidation, and selective dehydrogenation
and hydration to yield polar acidic metabolites. Therefore, all of the flavouring
agents in this group will eventually be either completely oxidized or oxidized to
polar metabolites that are excreted primarily in the urine (Fischer & Bielig, 1940;
Williams, 1959; Chadha & Madyastha, 1984; Voet & Voet, 1990; Diliberto et al.,
1990).
1.4

Application of the Procedure for the Safety Evaluation of
Flavouring Agents

Step A1. In applying the Procedure for the Safety Evaluation of Flavouring Agents
(see Figure 1, Introduction), the Committee assigned all of the flavouring agents in this group to structural class I (Cramer et al., 1978).
Step A2. All the flavouring agents in this group are expected to be metabolized to
innocuous products. The evaluation of all agents in this group therefore
proceeded via the A-side of the decision-tree.
Step A3. The estimated daily per capita intakes of 31 of the 32 flavouring agents
are below the threshold of concern for structural class I (1800 mg). The
Committee concluded that the safety of these 31 flavouring agents raises
no concern at their currently estimated levels of intake as flavouring
agents. One of the agents, citral (No. 1225), exceeds the threshold of
concern for class I. The daily per capita intake of citral is 6849 mg in
Europe and 6990 mg in the USA. Accordingly, the evaluation of citral proceeded to step A4.
Step A4. Citral is not endogenous in humans. The evaluation of citral therefore
proceeded to step A5.
Step A5. The no-observed-effect level (NOEL) of 60 mg/kg bw per day for citral
(No. 1225) from a 2-year study of carcinogenicity (National Toxicology
Program, 2003) is approximately 500 times greater than the estimated
intake of citral from its use as a flavouring agent in Europe (114 mg/kg
bw per day) and in the USA (117 mg/kg bw per day). The Committee
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therefore concluded that citral would not pose a safety concern at the
currently estimated level of intake.
Table 1 summarizes the evaluations of the 32 aliphatic branched-chain, saturated and unsaturated alcohols, aldehydes, acids, and related esters (Nos
1199–1230) in this group.
1.5

Consideration of combined intakes from use as flavouring agents

In the unlikely event that all 32 of these flavouring agents were to be consumed
concurrently on a daily basis, the estimated combined per capita intake would
exceed the human intake threshold for structural class I (1800 mg per day). However, the agents in this group are expected to be metabolized efficiently and the
available metabolic pathways would not be saturated. Evaluation of all the data
indicated no safety concern associated with combined intake.
1.6

Consideration of secondary components

Seven members of this group of flavouring agents (Nos 1209, 1211,
1219–1223) have minimum assay values of <95%. Information on the safety of the
secondary components of these seven compounds is summarized in Annex 6
(Summary of the safety evaluation of secondary components of flavouring agents
with minimum assay values of <95%). The secondary components of No. 1209
(propionaldehyde and propionic acid) were evaluated at the forty-ninth meeting
(Annex 1, reference 131) and were considered not to present a safety concern
at current levels of intake. The secondary component of No. 1211 (4-methyl-2methylenevaleric acid) has not been evaluated previously; however, a structurally
related substance (isovaleric acid) was evaluated at the forty-ninth meeting and
considered not to present a safety concern at current levels of intake. Two of the
secondary components of No. 1219 (geraniol and citronellal) were evaluated
at the present meeting, while the remaining secondary component (citronellyl
acetate) was evaluated at the fifty-ninth meeting; none of the secondary components was considered to present a safety concern at current intake levels. One of
the secondary components of No. 1220 (eucalyptol) was evaluated at the present
meeting, while three other secondary components (linalool, isopulegol, and citronellyl acetate) were evaluated by the Committee at its fifty-first, fifty-fifth and fiftyninth meetings. None of the secondary components of No. 1220 was considered
to present a safety concern on the basis of current intake levels. One of the secondary components of No. 1221 (citronellal) was evaluated at the present meeting,
and considered not to present a safety concern at current levels of intake. Some
of the secondary components of Nos 1221–1223 (citronellyl, neryl, and geranyl
acetate esters) are expected to be hydrolysed to the corresponding terpene alcohols (citronellol, nerol, and geraniol), which were evaluated at the present meeting,
and acetic acid, which was evaluated at the forty-ninth meeting. On this basis,
none of the secondary components of Nos 1221–1223 was considered to present
a safety concern on the basis of current levels of intake.
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Conclusions

The Committee maintained the previously established group ADI of 0–
0.5 mg/kg bw, expressed as citral, for citral, citronellol, geranyl acetate, linalool, and
linalyl acetate. The Committee noted that the estimated combined intake for citronellol (Table 1), citral (Table 1), geranyl acetate (Annex 1, reference 131), linalool
(Annex 1, reference 137), and linalyl acetate (Annex 1, reference 137) is approximately 0.20 mg/kg bw per day in Europe and 0.15 mg/kg bw per day in the
USA, and therefore does not exceed the group ADI. It was also noted that even
the total combined daily intake of all 32 flavouring agents under evaluation (approximately 0.15 mg/kg bw in Europe and the USA) is less than the group ADI. The
Committee concluded that the safety of the flavouring agents in this group of
aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids,
and related esters would not raise concern at the currently estimated levels of
intake. The Committee noted that all of the available data on toxicity and metabolism of the flavouring agents in the group were consistent with the results of the
safety evaluation.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Explanation

The relevant background information summarizes the key scientific data applicable to the safety evaluation of 32 aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids, and related esters used as flavouring agents
(see Table 1). All members of this group are aliphatic, acyclic, branched-chain substances containing a primary oxygenated functional group and one or more alkyl
substituents (for the esters after hydrolysis only). The carbon chain may be saturated or unsaturated. Members of the group that exhibit the highest annual
volumes of use as flavouring agents include a series of naturally occurring 10carbon terpene primary alcohols and aldehydes (citral, geraniol, nerol, citronellol,
and citronellal).
2.2

Additional considerations on intake

Volumes of production and intake values for each flavouring agent are reported
in Table 2.
Twenty-four of the 32 flavouring agents in the group have been reported
to occur naturally in traditional foods (Maarse et al., 1999; Table 2). Quantitative
data on natural occurrence data have been reported for 10 flavouring agents
in the group (Stofberg & Grundschober, 1987). The consumption of 3-methyl2-buten-1-ol (No. 1200), 2-methyl-2-butenal (No. 1201), trans-2-methyl-2-butenoic
acid (No. 1205), 2-methyl-2-pentenal (No. 1209), geraniol (No. 1223), and farnesol
(No. 1230) is derived predominantly from their presence in traditional foods (i.e.
they have a consumption ratio >1; Table 2). The remaining four substances, dlcitronellol (No. 1219), citronellal (No. 1220), nerol (No. 1224), and citral (No. 1225)
are not consumed primarily from traditional foods (consumption ratio, <1; Table 2).
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2.3

Biological data

2.3.1

Biochemical data
(a)
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Hydrolysis, absorption, distribution, and excretion

The four esters in this group of flavouring agents (Nos 1206, 1207, 1213, and
1226) are expected to be hydrolysed to the corresponding alcohols and carboxylic
acids. Hydrolysis of aliphatic esters is catalysed by classes of enzymes recognized
as carboxylesterases or esterases, the most important of which are the Besterases. In mammals, these enzymes occur in most tissues throughout the body,
but they predominate in the hepatocytes (Heymann, 1980). The substrate specificity of B-carboxylesterases has been correlated with the structure of the alcohol
and carboxylic acid moieties (Heyman, 1980).
No hydrolysis data have been provided for the four esters of the present group.
However, there are data on hydrolysis in vitro for some related short-chain aliphatic
saturated and unsaturated esters indicating that these can be hydrolysed in vivo
in the gut to yield the corresponding alcohols and carboxylic acids of the esters
prior to absorption (Longland et al., 1977; Grundschober, 1977). Allyl hexanoate,
isoamyl butyrate, isoamyl isovalerate, and isoamyl hexanoate were shown to be
hydrolysed in artificial gastric juice with half-lives of 1120, 660, 295, and 146 min,
respectively, while hydrolysis in artificial pancreatic juice was faster (half-lives of
2, 11, 10, and 38 min, respectively). Preparations of rat liver homogenate and small
intestinal mucosa were found to be much more efficient in hydrolysing esters than
the artificial gastrointestinal juices: the half-lives for isoamyl butyrate and allyl hexanoate were 0.07–0.5 and 0.1–4 s, respectively (Longland et al., 1977). Grundschober (1977) found that citronellyl acetate (15 ml/l) and allyl hexanoate (60 ml/l)
were completely hydrolysed within 2 h by simulated intestinal fluid containing pancreatin at pH7.5.
Data on absorption, distribution, and excretion are available for 2-methyl-1butanol (No. 1199) and citral (No. 1225).
When rats were given 2-methyl-1-butanol (No. 1199) by intraperitoneal injection in four equal doses of 250 mg/kg bw at 15-min intervals, maximum blood concentration was 550 mg/l. Blood concentrations decreased over the next 9 h. Of the
total dose of 1000 mg/kg bw, only 5.6% was excreted in air and 2% in the urine.
The remainder was metabolized, first to the corresponding aldehyde and then to
the acid (Haggard et al., 1945).
Male Wistar rats and male LACA mice were given a single dose of 14C-labelled
citral (No. 1225) at a dose of 5, 770, or 960 mg/kg bw for rats, and 100 mg/kg bw
for mice, by gavage. Citral underwent rapid absorption from the gastrointestinal
tract and distribution throughout the body, independent of the dose administered.
In both species, the radiolabel was excreted rapidly, with most being excreted
within 24 h, predominantly in the urine, but also in exhaled air (as 14CO2) and
faeces. Excretion was essentially complete by 96 h in rats and by 120 h in mice
(Phillips et al., 1976).
Male Fischer F344 rats were given citral labelled with 14C at the C1 and C2 positions in a single oral dose of 5, 50, or 500 mg/kg bw or an intravenous dose of 5
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mg/kg bw. After 72 h, the animals were sacrificed and tissues and excreta analysed
for radioactivity. Most radiolabel was excreted in the urine, faeces, and expired air
as 14CO2 or [14C]citral within 24 h, regardless of the dose or route of administration. At the lowest oral dose, 83% of the radiolabel was recovered within 72 h (51%
in urine, 12% in faeces, 17% as expired 14CO2, <1% as expired [14C]citral, and 3%
in total tissues). Production of 14CO2 essentially ceased 12 h after treatment, and
the amount of 14C found in any tissue was very small (<2%). This excretion profile
did not change much with increasing oral dose, although both in this study and
that of Phillips et al. (1976) oxidation to CO2 was somewhat greater at the lowest
dose.
After intravenous administration, citral was rapidly eliminated from the
blood: <25% of the administered dose remained in the blood 2 min after administration. Within 5 min, no unmetabolized citral could be detected in the blood.
Elimination of radioactivity from the blood followed three phases: a rapid first
phase with an elimination half-life of 11 min, a slower intermediate phase with a
half-life of 43 min, and a terminal phase with a half-life of 27 h. Within 72 h after
treatment, 79% of the dose was recovered in urine (58%), faeces (7%),
expired 14CO2 (8%), expired 14C-citral (<1%), and tissues (6%). Elimination was
essentially complete within 24 h. In bile duct-cannulated rats it was shown that
approximately 27% of an intravenous dose of 5 mg/kg bw was eliminated via the
bile within 4 h of dosing. No unmetabolized citral was detected in the bile. The
somewhat greater faecal excretion (4–9%) of citral by the oral route versus
the intravenous route suggests that the oral dose was not completely absorbed
(Diliberto et al., 1988).
The same authors conducted a study in which multiple doses were administered to ascertain whether citral could induce its own metabolism and thereby affect
disposition and excretion. Male rats were treated orally with unlabelled citral at a
dose of 5 mg/kg bw per day for 10 days, followed by treatment with [14C]citral in a
single oral dose of 5 mg/kg bw for the study of disposition or a single intravenous
dose of 5 mg/kg bw for the biliary excretion study. Repeated exposure increased
biliary excretion to approximately 36%, but did not affect the disposition pattern of
citral in rats (Diliberto et al., 1988).
From these studies it can concluded that citral is rapidly absorbed, metabolized and excreted in the urine, faeces, and expired air. There is evidence of enterohepatic circulation of citral metabolites. Tissue distribution is widespread, but there
is no evidence of bioaccumulation.
(b)

Metabolism

Upon hydrolysis, the four esters in this group produce short-chain acids (C2–C5;
two unsaturated, of which one branched, and two saturated, unbranched) and alcohols (C4–C10; all branched, two saturated and two unsaturated). The group further
consists of branched-chain saturated and unsaturated primary alcohols (C5–C15),
aldehydes (C5–C15), and acids (C5–C10). The Committee previously reviewed data
on the metabolism of linear and branched-chain, saturated and unsaturated
aliphatic acyclic alcohols, aldehydes, acids, and related esters (Annex 1, references 132, 138). General aspects of their metabolism have been described (Annex
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Figure 1. Metabolism of geraniol, nerol, and citral
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1, reference 131, 137). Additional relevant data are available on some terpenoid
substances of the present group of flavouring agents, mainly geraniol (No. 1223)
and citral (No. 1225).
Male IISc rats were given [1-3H]geraniol in daily doses of 800 mg/kg bw by
gavage for 20 consecutive days. Five urinary metabolites were identified via two
primary pathways. In one pathway, the alcohol is oxidized to yield geranic acid
(3,7-dimethyl-2,6-octadienoic acid) which is subsequently hydrated to yield 3,
7-dimethyl-3-hydroxy-6-octenoic acid (3-hydroxy citronellic acid). In a second
pathway, the alcohol undergoes selective w-oxidation of the C8-methyl to yield
8-hydroxygeraniol and 8-carboxygeraniol, the latter of which undergoes further oxidation to the principal urinary metabolite 2,6-dimethyl-2,6-octadienedioic acid
(Hildebrandt acid) (Chadha & Madyastha, 1984) (see Figure 1). It was demonstrated that administration of geraniol at a dose of 600 mg/kg bw by gavage for
1, 3 or 6 days induced expression of rat liver microsomal cytochrome P450 and
geraniol hydroxylation, but not the activities of rat liver microsomal cytochrome b5,
NADPH-cytochrome c reductase, and NADH-cytochrome c reductase, nor the
activities of these enzymes in rat lung microsomes (Chadha & Madyastha, 1984).
Rabbits are also capable of w-oxidation of geraniol, as both the Hildebrandt
acid and its dihydro form (2,6-dimethyl-2-octendioic acid; reduced or dihydroHildebrandt acid) were isolated from the urine of treated animals (Fischer & Bielig,
1940; Asano & Yamakawa, 1950). In both rabbits and rats, the w-hydroxylation is

308

ALCOHOLS, ALDEHYDES, ACIDS, AND RELATED ESTERS

mediated by the cytochrome P450 system and requires NADPH and oxygen (Licht
& Coscia, 1978; Chadha & Madyastha, 1982). It has been demonstrated that not
only rat liver microsomes are capable of w-hydroxylating geraniol, but also rat lung
and kidney microsomes (Chadha & Madyastha, 1982).
In rats, citral, a mixture of the corresponding aldehyde of geraniol (geranial)
and the aldehyde cis-isomer (neral), is metabolized via similar alcohol and woxidation pathways (Diliberto et al., 1990). In male Fisher 344 rats given [1,214
C]citral at a dose of 5 or 500 mg/kg bw by gavage, citral was rapidly metabolized
and excreted as metabolites. The major metabolite identified in the bile was the
glucuronide of geranic acid. In the urine of these rats, several carboxylic acids
were identified (e.g. geranic acid, Hildebrandt acid, and dihydro-Hildebrandt acid),
resulting from oxidation of the aldehyde function, from w-oxidation and further
reduction and hydration of the unsaturation at C2 (Diliberto et al., 1990) (Figure 1).
Hepatic reduction of the aldehyde may precede oxidation pathways, as experiments in vitro revealed that citral is not oxidized by rat hepatic aldehyde dehydrogenase (ALDH) to the corresponding acids. In fact, citral was found to be a
potent inhibitor of ALDH-mediated oxidation of acetaldehyde, and was reduced to
the corresponding alcohols by rat hepatic alcohol dehydrogenase (ADH). These
alcohols could then possibly undergo cytochrome P450-mediated w-hydroxylation,
with the resulting diols being substrates for oxidation (Boyer & Petersen, 1990).
Treatment of rats with citral also induced hepatic cytochrome P450 and glucuronyl
transferase (Parke & Rahman, 1969).
A similar metabolic fate as that of geraniol and citral was found for nerol (No.
1224), citronellol (No. 1219), citronellal (No. 1220), and citronellic acid (No. 1221).
In rabbits given citronellol by gavage, dihydro-Hildebrandt acid and an alcohol precursor (8-hydroxy-3,7-dimethyl-6-octenoic acid) have been reported as urinary
metabolites (Fischer & Bielig, 1940). Rat lung microsomes have been shown
capable of w-hydroxylation of citronellol and nerol (Chadha & Madyastha, 1982);
a similar reaction has been reported for nerol with rabbit liver microsomes (Licht
& Coscia, 1978). In rabbits, citronellic acid was metabolized to dihydro-Hildebrandt
acid (Asano & Yamakawa, 1950).
In rabbits, citronellal is metabolized to dihydro-Hildebrandt acid after subcutaneous injection (Asano & Yamakawa, 1950) and oral administration (Ishida et al.,
1989). This indicates w-oxidation. Three other metabolites were found in the urine
of rabbits after oral administration: trans- and cis-menthane-3,8-diol and isopregol.
These metabolites were the result of cyclization of citronellal, and accounted for
<10% of the administered dose. The formation of trans- and cis-menthane-3,8-diol
has been confirmed in vitro, after 3 h of incubation of citronellal with fresh gastric
fluid isolated from male rabbits (Ishida et al., 1989).
2.3.2

Toxicological studies
(a)

Acute toxicity

Oral LD50 values have been reported for 14 of the 32 flavouring agents in this
group; two of these substances have been tested in both mice and rats, one only
in mice, and the other 11 only in rats (see Table 3). In mice, oral LD50 values ranged

(+/-) 2-Methyl-1-butanol
3-Methyl-2-buten-1-ol
trans-2-Methyl-2-butenoic acid
2-Methyl-2-pentenal
2-Methyl-2-pentenoic acid
2-Isopropyl-5-methyl-2-hexenal
dl-Citronellol
Citronellal
3,7-Dimethyl-6-octenoic acid
Rhodinol
Geraniola
Geraniol
Nerol
Citral
Citral (synthetic)
Citral (refined)
Citral
Citral
Farnesol
Farnesol
Farnesol
Farnesol

1199
1200
1205
1209
1210
1215
1219
1220
1221
1222
1223
1223
1224
1225
1225
1225
1225
1225
1230
1230
1230
1230

Rat
Rat
Mouse
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Mouse
Mouse
Mouse
Rat
Rat
Mouse
Rat
Rat
Rat

Species
NR
NR
NR
M
M
NR
NR
NR
NR
NR
M, F
NR
M
M, F
M
M, F
M, F
NR
M, F
M, F
NR
M, F

Sex
4 010
810
1 150
4 290
<5 000
>5 000
3 450
>5 000
2 610
>5 000
3 600
4 800
4 500
3 297
2 007
2 464
4 960
6 800
8 764
>5 000
>5 000
>20 ml/kg (17 742b)

LD50 (mg/kg bw)

M, male; F, female; NR, not reported
a
Geraniol extra (a mixture of 3,7-dimethyl-2,6-octadienol and 3,7-dimethyl-1,6-octadienol)
b
Calculated using a density of 0.8871 (Merck, 1997)

Flavouring agent

No.

Rowe & McCollister (1982)
Moreno (1977)
Schafer & Bowles (1985)
Smyth et al. (1954)
Moreno (1980)
Moreno (1973)
Moreno (1973)
Moreno (1973)
Moreno (1978)
Moreno (1973)
Jenner et al. (1964)
Yamawaki (1962)
Moreno (1972)
Hoffmann-LaRoche (1967a)
Hoffmann-LaRoche (1967b)
Hoffmann-LaRoche (1967b)
Jenner et al. (1964)
BASF (1978)
Hoffmann-LaRoche (1967a)
BASF (1981)
Moreno (1974)
Sterner & Stiglic (1976)

Reference

Table 3. Studies of acute oral toxicity with aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids, and
related esters
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from 1150 to 8764 mg/kg bw (Hoffmann-LaRoche, 1967a, b; Schafer & Bowles,
1985). In rats, oral LD50 values ranged from to 810 to >17 000 mg/kg bw, with all
but one being >2000 mg/kg bw (Smyth et al., 1954; Yamakawa, 1962; Jenner
et al., 1964; Moreno, 1972, 1973, 1974, 1977, 1978, 1980; Sterner & Stiglic, 1976;
BASF, 1978; 1981; Rowe & McCollister, 1982). These LD50 values indicate that the
acute oral toxicity of aliphatic branched chain saturated and unsaturated alcohols,
aldehydes, acids and related esters is low.
(b)

Short-term studies of toxicity

Short-term studies of toxicity were available for four of the 32 substances in
this group (Oser 1958 a, b; Hagan et al., 1967; Posternak, 1968; Dieter et al.,
1993; National Toxicology Program, 2003). The results of these studies are summarized in Table 4 and described below.
(i)

Citral (No. 1225)

Mice
Groups of five male and five female B6C3F1 mice (aged 28 days) were given
citral in corn oil by gavage for 12 days or fed microencapsulated citral in the diet
for 14 days. The microencapsulated citral was administered at concentrations of
0, 0.63, 1.25, 2.5, 5, or 10% (w/w), to achieve average daily intakes of 0, 534,
1068, 2137, 4275, or 8550 mg/kg bw, respectively. The microcapsules were composed of a sugar and starch mixture; the chemical load of citral in the microcapsules being 37.8%, with a geranial : neral ratio of approximately 2 : 1. In the study
in mice treated by gavage, the doses used were equivalent to the three lower
doses achieved in the study in mice given citral in the diet, i.e. 534, 1068, and
2137 mg/kg bw. Animals were weighed at the beginning of the study and on days
4, 7, 11, and 14. Food consumption and clinical signs of toxicity were recorded on
the same days, starting on day 4. At the end of the period of treatment, necropsy
was performed on all. Organ weights were obtained for the right kidney, liver, and
spleen, and histological examinations were performed on lung, liver, kidney,
spleen, nasal cavity, stomach, brain, heart, as well as on all gross lesions.
In the study of mice treated by gavage, all mice at 2137 mg/kg bw per day and
two males at 1068 mg/kg bw per day died before completion of the study. Final
body weights and weights of kidney and spleen were not affected, but there was
a dose-related increase in liver weights in both females (approximately 20–35%)
and males (approximately 10–30%). Cytoplasmic fatty vacuolization of hepatocytes was reported in females in the groups receiving the intermediate and highest
doses and in males receiving the highest dose. Necrosis, ulceration, and acute
inflammation of the forestomach were observed in mice receiving the highest dose,
and inflammation and/or hyperplasia of the forestomach were observed in approximately half the animals receiving the intermediate dose. According to the authors,
this direct irritating effect of citral is consistent with reports for other chemicals that
cause irritation of the skin and mucous membranes. The NOEL was <534 mg/kg
bw per day on the basis of increased liver weights.

Flavouring agent

Geraniolg
Geraniolg
Citral
Citral
Citral

Citral

Citral
Citralj

Citral
Citral

1223
1223
1225
1225
1225

1225

1225
1225

1225
1225

Short-term studies of toxicity
1211
2,4-Dimethyl-2-pentenoic
acid
1219
dl-Citronellole

No.

Rat; M, F
Rat; M, F

Rat; M, F
Rat; M, F

Rat; M, F

F
F
M, F
M, F
M, F

3/20
4/20

5/10
1/21

3/10

1/10
1/10
3/10
5/10
4/20

1/20

Rat; M, F

Rat; M,
Rat; M,
Mouse;
Mouse;
Mouse;

1/28

No. of test
groupsa/ no.
per groupb

Rat; M, F

Species;
sex

14 days
12 weeks

Dieti
Diet
13 weeks
14 weeks

12 days

Gavageh

Diet
Dieti

16 weeks
27–28 weeks
12 days
14 days
14 weeks

12 weeks

13 weeks

Duration

Diet
Diet
Gavageh
Dieti
Dieti

Diet

Dietc

Route

1.36 (M)d
1.55 (F)d
51 (M)d,f
56 (F)d,f
500d
50d
<534
4275
<745 (M)
<790 (F)
1140 (M)
2280 (F)d
570
52 (M)d,k
60 (F)d,k
500d,l
<345 (M)
675 (F)

NOEL
(mg/kg bw)
per day

Hagan et al. (1967)
National Toxicology
Program (2003)

Dieter et al. (1993)
Oser (1958a)

Hagan et al. (1967)
Hagan et al. (1967)
Dieter et al. (1993)
Dieter et al. (1993)
National Toxicology
Program (2003)
Dieter et al. (1993)

Oser (1958b)

Posternak (1968)

Reference

Table 4. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity with aliphatic branchedchain unsaturated alcohols, aldehydes, acids, and related esters
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2/100
2/100

Mouse; M, F

Rat; M, F

Rat; M, F

104–105 weeks
104–105 weeks
103 weeks
103 weeks

Dieti
Gavageh
Gavageh

Duration

Dieti

Route

1000 (710/290)

—n

120 (M)
60 (F)
100

NOEL
(mg/kg bw)
per day

National Toxicology
Program (2003)
National Toxicology
Program (2003)
National Toxicology
Program (1987)
National Toxicology
Program (1987)

Reference

M, male; F, female; NR, not reported
a
Does not include control animals
b
Includes both male and female animals
c
Administered in an emulsion with gum arabic
d
As neither a single dose nor multiple doses had any adverse effects, this dose is not a true NOEL but the highest dose tested that had no
adverse effects. The actual NOEL may be higher.
e
Administered as a mixture of citronellol and linalool (1 : 1, w/w)
f
Dose given for citronellol
g
Administered as geraniol extra (mixture of 3,7-dimethyl-2,6-octadienol and 3,7-dimethyl-1,6-octadienol)
h
Administered in corn oil
i
Administered microencapsulated in the diet
j
Administered as a mixture of citral and citral diethyl acetal (1 : 1, w/w)
k
Dose given for citral
l
Measurement of the concentration of citral in the diet revealed a loss of 58% during 1 week due to the volatility of the test substance
m
Structurally related terpenoid esters administered as a mixture: geranyl acetate, 71%; citronellyl acetate, 29%
n
There was no NOEL owing to dosing errors and low survival associated with infections

Geranyl acetate/Citronellyl
acetatem
Geranyl acetate/Citronellyl
acetatem

Citral

3/100

No. of test
groupsa/ no.
per groupb

1225

Species;
sex

3/100

Flavouring agent

Long-term studies of toxicity and carcinogenicity
1225
Citral
Mouse; M, F

No.

Table 4. (contd)
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No mortality occurred during the study in mice given diets containing citral. In
male mice, a transient decrease in food consumption was noted in the group
receiving the diet containing 10% citral at day 4, and at day 7; by days 11 and 14,
however, food consumption was above that of the control animals, as it was for
males receiving the diets containing 2.5 and 5% citral. Higher food intakes were
also noted in females at the three highest doses as the study progressed. Significant reductions in body-weight gain in all animals at the highest dose were
observed at day 4, and although male mice recovered, the final body weights of
animals of both sexes at the highest dose were significantly lower (approximately
10%) than those of the controls. The authors associated the failure of female mice
to recover with food scattering or inefficient food use. Upon histopathological
examination, no treatment-related lesions were reported at any dose. The NOEL
for citral was 4275 mg/kg bw per day, on the basis of decreased body weights
(Dieter et al., 1993).
In a 14-week study of toxicity, groups of 10 male and 10 female B6C3F1 mice
(aged 6 weeks) were given diets containing microencapsulated citral (purity,
97.5%) at a concentration of 3900, 7800, 15 600, or 31 300 mg/kg of diet. Additional groups received untreated diet (untreated controls) or diet containing
placebo microcapsules (vehicle controls). The concentrations used provided
average daily intakes of 745, 1840, 3915, and 8110 mg/kg bw for males and 790,
1820, 3870, and 7550 mg/kg bw for females. The microcapsules were composed
of a mixture of sugar and starch, and contained 31.3% citral, with a geranial : neral
ratio of approximately 2 : 1. Animals were observed twice daily for general health
and behaviour, and clinical findings were recorded weekly. Body weight was measured at the start of the study and then weekly until termination of the study. Food
consumption was recorded twice weekly for females and weekly for males. At
termination, all animals were necropsied and weights of heart, right kidney, liver,
lung, right testis, and thymus were recorded. A complete histopathological
examination was performed on animals in the group receiving the highest dose
(31 300 mg/kg bw), and on the animals in the untreated and vehicle control groups.
In addition, histopathological examination of the forestomach and ovaries of
animals at lower doses was conducted in order to identify a NOEL. Blood for
haematological analysis was taken from all mice surviving to the end of the study.
Clinical chemistry was not performed. The study complied with good laboratory
practice (GLP) guidelines.
In the second week of the study, four male mice in the group receiving the
highest dose were killed in a moribund condition. There was a significant and doserelated decrease in final mean body weights and body-weight gains at all doses
(final body weights deceased by 15–48% in males and by 12–45% in females). At
15 600 and 31 300 mg/kg bw, mice were generally thin and lethargic; a few males
at 7800 mg/kg bw were also thin. Compared with controls, food consumption of
animals at all doses increased during treatment, probably due to scattering of feed
because of poor palatability. Lymphocyte and leukocyte counts were reduced in
males at all doses, and females at the two highest doses. Organ weight changes
at all doses reflected the differences in body weights between groups. Significant
increases in the incidences of mild forestomach hyperkeratosis and epithelial
hyperplasia were observed in females at 15 600 mg/kg bw (5 out of 10) but not at
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31 300 mg/kg bw (0 out of 10). These lesions were also observed in one male at
31 300 mg/kg bw (1 out of 10). Incidences of ovarian atrophy were significantly
increased at 15 600 mg/kg bw (moderate atrophy) and at 31 300 mg/kg bw (marked
atrophy). The diagnosis of atrophy was based on an absence or reduction in the
number of corpora lutea with no effect on primary, secondary, or antral follicles.
However, upon review by the National Toxicology Program Pathology Working
Group, the lesions were characterized as hypoplasia and were considered to be
a secondary effect resulting from the poor condition of the treated female mice.
The NOEL for citral was <745 mg/kg bw per day in male mice on the basis of
decreased body weights and body-weight gains, and reductions in lymphocyte and
leukocyte counts. In female mice, the NOEL was <790 mg/kg bw per day on the
basis of decreased body weights and body-weight gains (National Toxicology
Program, 2003).
Rats
Groups of five male and five female Fischer 344/N rats (aged 28 days) were
given citral in corn oil by gavage for 12 days or fed diets containing microencapsulated citral for 14 days. Diets contained microencapsulated citral at a concentration of 0, 0.63, 1.25, 2.5, 5, or 10% (w/w), calculated to achieve average daily
intakes of 0, 142, 285, 570, 1140, or 2280 mg/kg bw, respectively. The microcapsules were composed of a mixture of sugar and starch; the chemical load of citral
in the microcapsules was 37.8%, with a geranial : neral ratio of approximately 2 : 1.
In the study of rats treated by gavage, the doses administered were equivalent to
the three highest doses achieved in the feeding study, i.e. 570, 1140, and 2280
mg/kg bw. Animals were weighed at the beginning of the study and on days 4, 7,
11, and 14. Food consumption and clinical signs of toxicity were recorded on the
same days, starting on day 4. At the end of the period of treatment, necroscopy
was performed on all animals. Organ weights were obtained for the right kidney,
liver, and spleen, and histological examinations were performed on lung, liver,
kidney, spleen, nasal cavity, stomach, as well as on all gross lesions.
In the study in rats treated by gavage, all rats survived the duration of the study,
and neither final body weights nor organ weights were affected by treatment. Upon
histopathological examination, only mild hyperplasia of the squamous epithelium
of the forestomach in two males receiving the highest dose was observed. The
NOEL for citral was 1140 mg/kg bw per day in male rats on the basis of forestomach lesions. In female rats, the NOEL for citral was 2280 mg/kg bw per day, the
highest dose tested.
No mortality occurred during the study in rats given diets containing citral.
Reduced food consumption was observed at day 4 in both sexes given diets containing 5% and 10% citral. This reduction persisted at day 7 in animals given 10%
citral, but was absent or only minimal thereafter. Significant reductions in bodyweight gain in males and females given the two highest doses were observed from
day 4, and although both male and female rats recovered, the final body weights
of both sexes at these doses were significantly lower than those of controls (in
males, approximately 19–35%, in females, approximately 12–32%). In addition, at
the highest dose the absolute weights of the liver, kidney and spleen were
decreased in males and females. The only histopathological finding in rats was
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minimal to mild hyperplasia and/or squamous metaplasia of the respiratory epithelium of the anterior portion of the nasal passages of rats at 5% and 10% citral.
There was no inflammatory response associated with these changes, and there
was no evidence of atypia or keratinization of cells. The authors noted that these
morphological changes were similar to those produced by other, previously tested
irritant chemicals. The NOEL for citral was 570 mg/kg bw per day on the basis of
nasal lesions and decreased body weights (Dieter et al., 1993).
Groups of 10 male and 11 female weanling rats (aged 27–29 days old) were
given diets containing equal parts (by weight) of citral and citral diethyl acetal at
an intended dose of 0, or 100 mg/kg bw per day (50 mg of each substance) for 12
weeks. The actual average intake was 104 mg/kg bw per day (52 mg of each substance) for males and 119 mg flavour/kg bw per day (60 mg of each substance) for
females.
Treatment did not influence physical appearance and behaviour. Weekly measurements of body weight, food consumption, and efficiency of food use revealed
slight (not statistically significant) decreases in these parameters in treated males
but not in females. Limited urine analysis and haematology performed for three
rats of each sex per group revealed no differences in concentrations of urinary
sugar and albumin and in blood haemoglobin. At necropsy, gross examination of
all animals was performed and weights of liver and kidney were recorded. No differences were found between control and treated animals. Histopathology was not
performed, although tissues were preserved at necropsy. The NOEL for citral was
52 mg/kg bw per day for male rats and 60 mg/kg bw per day for female rats, the
highest dose tested (Oser, 1958a).
Groups of 10 male and 10 female weanling Osborne-Mendel rats were given
diets containing citral at a concentration of 0, 1000, 2500, or 10 000 mg/kg of diet,
calculated (Food & Drug Administration, 1993) to provide average daily intakes of
0, 50, 125, and 500 mg/kg bw, respectively, for 13 weeks. However, the actual
intakes of citral were lower; measurements of the concentration of citral in the diet
revealed a 58% loss during one week, due to the volatility of the test substance.
Body weight, food intake and general condition were recorded weekly. Haematological examinations carried out at termination of the study included measurements of leukocyte and erythrocyte counts, haemoglobin and erythrocyte
volume fraction. At necropsy, all animals were examined macroscopically and
liver, kidneys, heart, spleen, and testes were weighed. For three to four rats of
each sex per group for the group receiving the highest dose and the controls, these
organs, together with abdominal and thoracic viscera and bone, bone marrow, and
muscle from one hind leg, were preserved and subjected to histopathological
examination.
No treatment-related effects on growth, haematology and organ weights were
observed, and there were no macroscopic or microscopic changes in the tissues.
The NOEL for citral was 500 mg/kg bw per day, the highest dose tested (Hagan
et al., 1967).
In a 14-week study of toxicity, groups of 10 male and 10 female Fischer 344/N
rats (aged 6 weeks) were given diets containing microencapsulated citral (purity,
97.5%) at a concentration of 3900, 7800, 15 600, or 31 300 mg/kg of diet. Addi-
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tional groups received untreated diet (untreated controls) or diet containing
placebo microcapsules (vehicle controls). Diets containing citral at the three lower
concentrations provided average daily intakes of 345, 820, and 1785 mg/kg bw for
males and 335, 675, and 1330 mg/kg bw for females. All rats in the group receiving the highest were killed in a moribund condition in the second week of the study
and the daily average intake was not calculated for these animals. The microcapsules were composed of a mixture of sugar and starch, and contained 31.3% citral,
with a geranial : neral ratio of approximately 2 : 1. Animals were observed twice daily
for general health and behaviour, and clinical findings were recorded weekly.
Weight measurements were taken initially and then weekly until termination of the
study. Food consumption was recorded twice weekly. Blood was taken for haematology and clinical chemistry analysis at days 4 and 22 from rats in the clinical
pathology part of the study, and at week 14 from all surviving animals involved in
the core part of the study. At termination, all rats in the core study were necropsied and weights of heart, right kidney, liver, lung, right testis, and thymus were
recorded. A full histopathological examination was conducted on animals in the
groups of untreated and vehicle controls, and on animals in the groups receiving
15 600 or 31 300 mg/kg. In addition, histopathological examination was carried out
on the bone marrow, forestomach, and kidneys (male rats only) of animals in
groups at lower doses, in order to identify a NOEL. The study complied with GLP
guidelines.
Clinical signs of toxicity observed at 31 300 mg/kg included listlessness,
hunched posture, absent or slow paw reflex, and dull eyes. Compared with control
groups, there was a dose-related decrease in final mean body weights and bodyweight gains for all surviving males (by 5–27%) and females (by 4–12%). Food
consumption at the two highest doses (15 600 and 31 300 mg/kg) was significantly
reduced during the first week of the study, possibly due to poor palatability. As the
study progressed, food consumption increased in all groups, including controls.
Several transient effects on haematological and clinical chemistry parameters were
observed, mainly at the highest dose, but sometimes at all doses (in a dose-related
manner). Most changes were consistent with physiological responses related to
decreased food and possibly water consumption. Minor changes in organ weights
appeared to be related to changes in body weight. At necropsy, no treatmentinduced gross lesions were observed; however, microscopic evaluation revealed
increased incidences of forestomach hyperplasia and hyperkeratosis at 31 300
mg/kg, reaching levels of statistical significance in females. Significant, but slight
bone marrow atrophy was seen at the two higher doses (15 600 and 31 300 mg/kg),
which was accompanied at the highest dose accompanied by bone marrow haemorrhage. Three out of 10 males at the lowest dose (3900 mg/kg) and all males
at 7800 and 15 600 mg/kg exhibited minimal to mild nephropathy and granular
casts of the renal tubules. Increased incidences of nephropathy were not
associated with an increase in protein droplets. The authors concluded that the
observed renal lesions were unlikely to be mediated by a2-microglobulin. In addition to these effects, atrophy of the thymus was observed in males and females
at 31 300 mg/kg; males in this group also had aspermia in the testes. The NOEL
for citral was <345 mg/kg bw per day in male rats, on the basis of nephropathy. In
female rats, the NOEL was 675 mg/kg bw per day, on the basis of decreased body
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weights and body-weight gains, and bone marrow atrophy (National Toxicology
Program, 2003).
(ii)

2,4-Dimethyl-2-pentenoic acid (No. 1211)

In a 13-week study of toxicity, groups of 14 male and 14 female Sprague
Dawley CD rats were given diets containing 2,4-dimethyl-2-pentenoic acid at a
concentration of 11, 19, and 22 mg/kg of diet at weeks 0–4, 5–10, and 11–13,
respectively. The substance was added to the diet in an emulsion with gum arabic.
The average daily intake of 2,4-dimethyl-2-pentenoic acid during the experiment
was 1.36 mg/kg bw per day for males and 1.55 mg/kg bw per day for females.
Control animals received a basal diet containing the gum arabic emulsion without
the test material.
Daily observation for clinical signs revealed no treatment-related effects.
Weekly measurement of food consumption, body weight, and efficiency of food
use showed a statistically significant decrease of 10% in efficiency of food use in
treated males compared with that in the control group. However, body weights of
these males were only slightly lower than those of controls, while food consumption was slightly increased (both not statistically significantly). Haematological
examinations and clinical chemistry (blood urea) determinations conducted on
seven animals of each sex per group during week 7 and on all animals during
week 13 of the study revealed increases in blood concentration of urea in treated
males and females in week 7 (statistically significantly only in females) and in
treated males in week 13. Leukocyte counts were significantly increased in treated
females at both time-points. The toxicological significance of these changes is
unclear. At the end of the period of treatment, all animals were killed, detailed
necropsies were performed, and liver and kidney weights were measured. There
was no difference in organ weight between treated and control groups for either
sex. Gross and histopathological examination revealed no evidence of treatmentrelated alterations. The NOEL for 2,4-dimethyl-2-pentenoic acid was 1.36 mg/kg
bw per day in male rats and 1.55 mg/kg bw per day in female rats, the highest dose
tested (Posternak, 1968).
(iii)

dl-Citronellol (No. 1219)

Groups of 10 male and 10 female weanling rats (aged 27–29 days) were given
diets containing equal parts (by weight) of citronellol and linalool at concentrations intended to provide a dose of 0, or 100 mg/kg bw per day (50 mg of each
substance) for 12 weeks. The actual average intake was 102 mg/kg bw per day
(51 mg of each substance) for males and 112 mg/kg bw per day (56 mg of each
substance) for females.
Treatment did not influence physical appearance and behaviour. Weekly measurements revealed slight, but significant reductions in body-weight gain in males
after 4 weeks; although these animals recovered, the final body weight and the
net body-weight gain were lower than those of controls (approximately 10%). Food
consumption and food use efficiency were also slightly decreased (approximately
5%) in treated males. These parameters were not affected in treated females. The
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authors attributed the effects in males to reduced palatability of the diet, and considered these effects to be biologically insignificant. Limited urine analysis and
haematology in three rats of each sex per group revealed no differences in concentrations of urinary sugar and albumin and in blood haemoglobin. At necropsy,
gross examination of all animals was performed and weights of liver and kidney
were recorded. No differences were found between treated animals and controls.
Histopathology was not performed, although tissues were preserved at necropsy.
The NOEL for citronellol was 51 mg/kg bw per day in male rats and 56 mg/kg bw
per day in female rats, the highest dose tested (Oser, 1958b).
(iv)

Geraniol (No. 1223)

Groups of five male and five female weanling Osborne-Mendel rats were given
diet containing geraniol extra, a mixture of 3,7-dimethyl-2,6-octadienol and 3,
7-dimethyl-1,6-octadienol, at a concentration of 10 000 mg/kg of diet, calculated
(Food & Drug Administration, 1993) to provide an average daily intake of 500 mg/kg
bw, for 16 weeks. In a second study, the same strain and number of animals were
given diet containing geraniol extra at a concentration of 1000 mg/kg of diet, calculated (Food & Drug Administration, 1993) to provide an average daily intake of
50 mg/kg bw, for 27–28 weeks. A control group of 10 male and 10 female rats was
used in each study. Body weight, food intake and general condition were recorded
weekly. Haematological examinations made at the termination of the studies
included measurements of leukocyte and erythrocyte counts, haemoglobin and
erythrocyte volume fraction. At necropsy, all animals were examined macroscopically and liver, kidneys, heart, spleen, and testes were weighed. For three to four
rats of each sex per group, these organs along with abdominal and thoracic viscera
and bone, bone marrow, and muscle from one hind leg were preserved and subjected to histopathological examination.
In both studies, no treatment-related effects on growth, haematological
parameters or organ weights, or on macroscopic or microscopic changes in the
tissues were observed. The NOELs for geraniol were 500 and 50 mg/kg bw per
day in the first and second study, respectively, the highest doses tested (Hagan
et al., 1967).
(c)

Long-term studies of toxicity and carcinogenicity

Studies of carcinogenicity were only available for one of the substances under
evaluation: citral (National Toxicology Program, 2003). The results of these studies
are summarized in Table 4 and described below. However, studies of carcinogenicity in mice and rats have also been performed with a mixture of geranyl
acetate (71%) and citronellyl acetate (29%) (National Toxicology Program, 1987),
two acetate esters that are expected to be hydrolysed rapidly to geraniol and citronellol, respectively. These studies were considered by the Committee at its fortyninth meeting (Annex 1, reference 131, 132) in the safety evaluation of a group of
26 esters derived from branched-chain terpenoid alcohols and aliphatic acyclic
linear and branched-chain carboxylic acids. The Committee decided that a study
of carcinogenicity, in which groups of 50 male and 50 female B6C3F1 mice received
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this mixture of geranyl acetate (71%) and citronellyl acetate (29%) in corn oil at a
dose of 0, 500, or 1000 mg/kg bw per day, 5 days per week for 103 weeks by
gavage, was inadequate, due to dosing errors and the low survival associated with
infections. In groups of 50 male and 50 female Fischer 344/N rats given this
mixture at a dose of 0, 1000 or 2000 mg/kg bw per day, 5 days per week for 103
weeks by gavage, the NOEL for the mixture was 1000 mg/kg bw per day, corresponding to an estimated dose of 710 mg/kg bw per day of geranyl acetate and
290 mg/kg bw per day of citronellyl acetate.
(i)

Citral (No. 1225)

Mice
In a study of carcinogenicity, conducted in compliance with GLP, groups of
50 male and 50 female B6C3F1 mice (aged 6 weeks) were fed diets containing microencapsulated citral (purity, 94%) at a concentrations of 0 (untreated
control), 0 (vehicle control receiving diet with placebo microcapsules), 500, 1000,
or 2000 mg/kg of diet for 104–105 weeks. These concentrations provided average
daily intakes of approximately 0, 0, 60, 120, and 260 mg/kg bw per day, respectively. The microcapsules, 50–100 mm in diameter were composed of a mixture of
sugar and starch and contained 32.3% citral, with a geranial:neral ratio of approximately 2 : 1. The diets (NTP-2000) used in the study contained less protein and
more fibre and fat than diets (NIH-07) previously used in 2-year studies conducted
by the National Toxicology Program.
Clinical findings and body weights were monitored on days 0 (body weights
only), 8, and 36 and then every 4 weeks until the end of the study. Seven-day food
consumption was measured every 4 weeks during the study. Gross and histopathologic examinations were performed on all animals at termination of the study.
Survival in the treated groups of male and female mice was similar to that in
the vehicle control group. No clinical signs of toxicity attributable to citral exposure
were observed. Mean body weights were generally (statistical significance not
specified) lower than mean body weights of the vehicle controls throughout the
study in both sexes at the highest dose (males, 4–17%; females, 2–22%). At lower
doses, mean body weights were only slightly lower (males, <10%; females, up to
12% at the intermediate dose and <10% at the lowest dose). There was no difference in food consumption between treated and control groups. The incidence
of malignant lymphoma was increased in treated female mice (positive trend, with
borderline statistical significance at the high dose, p = 0.011): untreated control,
4/50 (8%): vehicle control, 3/49 (6%); 500 mg/kg, 5/50 (10%); 1000 mg/kg, 9/50
(18%); 2000 mg/kg, 12/50 (24%). This condition predominantly affected the spleen,
mesentric lymph nodes, thymus and to a lesser extent the ovaries. There was no
difference in the incidence of malignant lymphoma between treated and vehicle
control male mice. A significant positive trend was identified in the incidence
of hepatocellular adenoma in treated females. However, pairwise comparison
with vehicle controls was not statistically significant, nor were significant trends
for hepatocellular carcinoma or for hepatocellular adenoma and carcinoma
(combined) noted. Therefore, the positive trend in incidence of hepatocellular
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adenomas in female mice is presumed to be unrelated to treatment. Inflammation
and ulceration of the oral mucosa was seen in all mice, including vehicle controls,
and this was associated with penetration of hair shafts into the mucosa and/or
tooth sockets. Although the incidences of inflammation in males at the highest dose
and inflammation and ulceration in all treated females were significantly increased
as compared with controls, it is mentioned by the authors that this is probably not
a direct toxic effect attributable to citral. In female mice, increases in the incidences
of minimal nephropathy at all doses and in renal tubule mineralization at the lowest
and intermediate doses were observed; the toxicological significance of these
effects is unclear. Furthermore, similar effects were not observed in the 14-week
study in mice. On the basis of decreased body weights, the NOEL for citral was
60 mg/kg bw per day in female mice and 120 mg/kg bw per day in male mice
(National Toxicology Program, 2003).
In the National Toxicology Program report, the association between malignant
lymphoma in female mice and treatment with citral is questioned. Arguments that
support such an association are: (1) a positive trend; (2) statistical significance at
the highest dose; (3) incidences that exceed those for historical controls in all but
one study using the NTP-2000 diet (range, 6–18% in nine studies, 32% in one
study); (4) statistical significance at the two higher doses when compared to the
combined data for untreated controls and vehicle controls; and (5) the detection
of lymphomas in multiple tissues. Arguments that weaken the association are also
mentioned in the National Toxicology Program report: (a) the incidence of malignant lymphoma at the highest dose was within the ranges for historical controls
for female mice given the NTP-2000 and NIH-07 diets (range, 6–32% and 6–30%,
respectively); and (2) the incidence of malignant lymphoma in the vehicle controls
was at the lower end of the rnges for historical controls. Overall, the National Toxicology Program concluded that “under the conditions of this 2-year feed study
there was no evidence of carcinogenic activity of citral in male B6C3F1 mice
exposed to 500, 1000, or 2000 ppm. There was equivocal evidence of carcinogenic
activity in female B6C3F1 mice based on increased incidences of malignant lymphoma” (National Toxicology Program, 2003).
Rats
In a study of carcinogenicity, conducted in compliance with GLP, groups of
50 male and 50 female Fischer 344/N rats (aged 6 weeks) were fed diets
containing microencapsulated citral (purity, 94%) at a concentration of 0 (untreated
control), 0 (vehicle control receiving feed with placebo microcapsules), 1000, 2000,
or 4000 mg/kg of diet for 104–105 weeks. These concentrations provided average
daily intakes of 0, 0, 50, 100, and 210 mg/kg bw per day, respectively. Food
analysis for concentrations of citral are as specified in the 2-year study in mice
(see above). Clinical findings and body weights were monitored on days 0 (body
weights only), 8, and 33 and then every 4 weeks until the end of the study. Sevenday food consumption was measured every 4 weeks during the study. Gross and
histopathologic examinations were performed on all animals at termination of the
study.
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Survival of males in all treated groups was greater than that in the vehicle
control group. Survival of treated females was similar to that of vehicle controls.
No clinical signs of toxicity were observed. Mean body weights of females and
males at the highest dose were slightly lower than those of the vehicle controls
after week 25 (6–14% and 4–8%, respectively; statistical significance not specified). There was no difference in food consumption between treated and control
groups. No neoplastic or non-neoplastic lesions were observed that could be associated with the administration of citral in the diet. There were, however, significant
decreases in the incidences of clitoral gland hyperplasia, adenoma, and adenomas or carcinomas (combined) in female rats at 4000 mg/kg. There also was a
dose-related decrease in the incidence of mammary gland fibroadenomas in
female rats (statistically significantly at 4000 mg/kg). A dose-dependent increase
in the incidence of kidney mineralization was observed in males; however, this was
also observed in 84% of the males in the vehicle control group, and consequently,
it was considered that citral only exacerbated these otherwise spontaneously
occurring lesions. Furthermore, similar effects were not observed in the 14-week
study in rats. Overall, the National Toxicology Program concluded that “under the
conditions of this 2-year feed study there was no evidence of carcinogenic activity of citral in male or female F344/N rats exposed to 1000, 2000, or 4000 ppm”.
The NOEL for citral was 100 mg/kg bw per day on the basis of decreased body
weights (in particular in females) (National Toxicology Program, 2003).
(d)

Genotoxicity

Testing for genotoxicity has been carried out with six of the 32 flavouring agents
in this group (Nos 1209, 1219, 1220, 1223, 1225, and 1230). The results of these
tests are summarized in Table 5 and described below.
In vitro
No evidence of mutagenicity was reported in standard or modified (preincubation method) Ames assays when 2-methyl-2-pentenal (No. 1209; up to 294
mg/plate), dl-citronellol (No.1219; up to 85 mg/plate), citronellal (No.1220; up to 500
mg/plate), geraniol (No.1223; up to 889 mg/plate), citral (No.1225; up to 700
ml/plate), and farnesol (No.1230; up to 5000 ml/plate) were incubated with Salmonella typhimurium strains TA92, TA94, TA97a, TA98, TA100, TA102, TA1535,
and/or TA1537 with and without metabolic activation (Rockwell & Raw, 1979; Eder
et al., 1980; Florin et al., 1980; Kasamaki et al., 1982; Lutz et al., 1982; Ishidate
et al., 1984; Zeiger et al., 1987; Creutziger, 1989; Gomes-Carneiro et al., 1998;
National Toxicology Program, 2003). Negative results were reported in a mutation
test in which 100 mg/plate of citral was incubated with Escherichia coli WP2 uvrA
(Yoo, 1986).
Citronellal (No. 1220) and geraniol (No. 1223) did not induce sister chromatid
exchanges in Chinese hamster ovary cells in the absence of metabolic activation at concentrations up to 100 mmol/l (15.4 mg/ml) for citronellal and 333 mmol/l
(51.4 mg/ml) for geraniol (Sasaki et al., 1989). In a non-standard assay designed
to maximize the frequency of chromosomal aberrations in a Chinese hamster B241
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Reverse mutation

Reverse mutation

Reverse mutation

dl-Citronellol

dl-Citronellol

Citronellal

Citronellal

Citronellal

Citronellal

Citronellal

Geraniol

Geraniol

Geraniol

Geraniol

1219

1219

1220

1220

1220

1220

1220

1223

1223

1223

1223

Sister chromatid
exchange

Reverse mutation

Reverse mutation

Rec assay

Reverse mutation

Reverse mutation

2-Methyl-2-pentenal

In vitro
1209

End-point

Flavouring agent

No.

S. typhimurium TA98,
TA100, TA1535,
TA1537
S. typhimurium TA92,
TA94, TA98, TA100,
TA1535, TA1537
Chinese hamster ovary
cells

S. typhimurium
TA98, TA100
S. typhimurium TA98
and TA100
B. subtilis M45 and
H17
S. typhimurium TA98,
TA100, TA97a,
TA102
S. typhimurium TA98
and TA 100
Chinese hamster ovary
cells
Chinese hamster B241
cells
B. subtilis M45 and
H17
S. typhimurium TA 100

Test object

33.3–333 mmol/l
(5.14–51.4 mg/ml)f

£500 mg/plate

0.01–1.0 ml
(8.89–889 mg/tube)h
3 mmol/plate
(463 mg/plate)f

3.3–100 mmol/l
(0.51–15.4 mg/ml)f
50 nmol/l
(0.008 mg/ml)f
17 mg/disk

0.05–500 mg/plate

1–300 mg/plate

0.03–3 mmol/plate
(2.94–294 mg/plate)a
0.05–100 ml/plate
(0.04–85 mg/plate)c
17 mg/disk

Dose or Concentration

Rockwell & Raw
(1979)
Oda et al. (1979)e
GomesCarneiro et al.
(1998)
Kasamaki et al.
(1982)
Sasaki et al.
(1989)
Kasamaki et al.
(1982)
Oda et al. (1979)e

Negatived

Negativeb

Eder et al. (1980)
Florin et al. (1980)

Ishidate et al.
(1984)
Sasaki et al. (1989)

Negativeb
Negativeb

Negatived

Negativeg

Negative

Weakly positiveb

Negativeg

Negativeb

Negative

Florin et al. (1980)

Reference

Negativeb

Result

Table 5. Results of studies of genotoxicity with aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids,
and related esters
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Flavouring agent

Geraniol

Geraniol

Citral

Citral

Citral
Citral

Citral
Citral

Citral

Citral

Citral

Citral

Citral

No.

1223

1223

1225

1225

1225
1225

1225
1225

1225

1225

1225

1225

1225

Table 5. (contd)

Rec assay

Rec assay

Mutation
Sister chromatid
exchange
Chromosomal
aberration
Chromosomal
aberration
Rec assay

Reverse mutation
Reverse mutation

Reverse mutation

Reverse mutation

Chromosomal
aberration
Rec assay

End-point

B. subtilis M45 and H17

E. coli WP2uvrA (trp-)
Chinese hamster ovary
cells
Chinese hamster ovary
cells
Chinese hamster
fibroblast cells
B. subtilis M45 and
H17
B. subtilis M45 and
H17

Chinese hamster
fibroblast cells
B. subtilis M45 and
H17
S. typhimurium TA98,
TA100, TA97a,
TA102
S. typhimurium TA92,
TA94, TA98, TA100,
TA1535, TA1537
S. typhimurium TA100
S. typhimurium TA98,
TA100, TA1535,
TA1537

Test object

0.16, 0.32, 0.63 ml/disk
(142, 284,
560 mg/disk)j
1.25, 2.5 ml/disk
(1110, 2220 mg/disk)j
£2.5 ml/disk
(£2220 mg/disk)j

17 mg/disk

£30 mg/ml

12.5–60.6 mg/ml

13–100 mg/plate
0.289–40.2 mg/ml

NR
1–160 mg/plate

£100 mg/plate

5–700 mg/plate

16 mg/disk

£125 mg/ml

Dose or Concentration

Gomes-Carneiro
et al. (1998)
Ishidate et al.
(1984)
Lutz et al. (1982)
Zeiger et al. (1987);
National
Toxicology
Program (2003)
Yoo (1986)e
National Toxicology
Program (2003)
National Toxicology
Program (2003)
Ishidate et al.
(1984)
Oda et al. (1979)e

Negativeb

Negatived

Negativeb
Negativeb

Positive

Positive

Negative

Negative

Negativeg

Negativeb

Negative
Positiveb

Yoo (1986)e

Kuroda et al.
(1984)e

Ishidate et al.
(1984)
Oda et al. (1979)e

Negativeg,i
Negative

Reference

Result
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Farnesol

Farnesol

Citral

Citral

1230

1230

In vivo
1225

1225

n

m

l

k

j

i

h

g

f

e

d

c

b

Micronucleus
formation
Micronucleus
formation

Reverse mutation

Reverse mutation

DNA damage

End-point

Mouse bone marrow
erythrocytes
Mouse peripheral blood
erythrocytes

Mouse fibroblast cells
(NTCT 929)
S. typhimurium TA98,
TA100, TA1535,
TA1537
S. typhimurium TA98,
TA100, TA1535,
TA1537

Test object

Calculated using a relative molecular mass of 98.15
With and without metabolic activation
Calculated using a density of 0.851 (Merck, 1997)
With metabolic activation
Japanese article, English summary and tables
Calculated using a relative molecular mass of 154.25
Without metabolic activation
Calculated using a density of 0.8894 (Merck, 1997)
Polyploidy (8%) was observed at the highest dose tested
Calculated using a density of 0.888 (Merck, 1997)
Calculated using a relative molecular mass of 222.37
Substance precipitated on the plate
Three intraperitoneal injections given at 24-h intervals; male mice only
Microencapsulated citral was administered in the diet for 14 weeks

Citral

1225

a

Flavouring agent

No.

Table 5. (contd)

Negative

Negative

Negative

National Toxicology
Program (2003)
National Toxicology
Program (2003)

Negativeb

3 mmol/plate
(667 mg/plate)k,l

250, 500, or
750 mg/kg bwm
745, 1840, 3915,
or 8110 mg/kg bw
per dayn (males)
790, 1820, 3870,
or 7550 mg/kg bw
per dayn (females)

Florin et al. (1980)

Negativeb

Reference

8–5000 mg/plate

Positive

Result
Duerksen-Hughes
et al. (1999)
Creutziger (1989)

10–30 mg/ml

Dose or Concentration
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cell line, citronellal at concentrations of 0.008 mg/ml gave weakly positive results
with and without metabolic activation (Kasamaki et al., 1982). No evidence of an
increase in chromosomal aberrations was reported when geraniol (No. 1223) at
concentrations of up to 125 mg/ml was incubated with Chinese hamster fibroblast
cells in the absence of metabolic activation (Ishidate et al., 1984), although there
was an 8% increase in polyploidy.
Assays for sister chromatid exchanges with citral (No. 1225) were performed
in Chinese hamster ovary cells. In the absence of metabolic activation, an increase
in sister chromatid exchanges of at least 20% that of control cultures was reported
at concentrations of 0.289–2.89 mg/ml in the first trial and 7.5–10 mg/ml in the
second trial. Toxicity was observed at 8.86 and 20 mg/ml in the first and second
trial, respectively. With metabolic activation, an increase of sister chromatid exchanges of at least 20% that of control cultures was reported with citral at 8.68
mg/ml in the first trial and 15.1–40.2 mg/ml in the second trial. Toxicity was reported
at 28.9 mg/ml in the first trial; no toxicity was observed in the second trial. Owing
to cell cycle delay induced by citral, at the higher concentrations (10 mg/ml without
and 20.1–40.2 mg/ml with metabolic activation) extended culture periods were necessary to allow accumulation of sufficient second-division metaphase cells for
analysis (National Toxicology Program, 2003). In contrast to these findings, there
was no evidence for an increase in chromosomal aberrations with higher concentrations of citral (12.5–25.3 mg/ml without and 30.3–60.6 mg/ml with metabolic activation) (National Toxicology Program, 2003) or, in another chromosomal aberration
assay in Chinese hamster fibroblast cells, at concentrations of citral of up to 30
mg/ml, without metabolic activation (Ishidate et al., 1984).
Rec assays for DNA repair in Bacillus subtilis strains M45 and H17 have been
performed with dl-citronellol (No. 1219), citronellal (No. 1220), geraniol (No. 1223),
and citral (No. 1225). In one study, each of the four agents gave negative results
at concentrations of 16 or 17 mg/disc (Oda et al., 1979). Citral gave positive results
in two other rec assays (Kuroda et al., 1984; Yoo, 1986) but only at high concentrations (1110 and 2220 mg/disc). Rec assays performed at lower concentrations
of citral (up to 560 mg/disc) were negative (Kuroda et al., 1984).
In a recently developed assay for DNA damage measuring induction of p53
tumour suppressor protein in mouse fibroblasts (NTCT 929 cell line) in vitro, citral
gave positive results at concentrations of 10–30 mg/ml after 17 h of incubation. In
this assay, increased expression of p53 is considered to indicate the induction of
DNA damage (Duerksen-Hughes et al., 1999).
In vivo
Groups of four or five male B63CF1 mice received citral (No. 1225) at a dose
of 250, 500, 750, or 1000 mg/kg bw per day by intraperitoneal injection at 24-h
intervals for a period of 3 days. A group of animals given corn oil only and another
group given cyclophosphamide were used as vehicle and positive controls, respectively. The highest dose of citral was lethal and only the three lower doses were
used to evaluate the results of the assay. Twenty-four hours after the third injection, the animals were sacrificed and blood smears were taken from bone marrow
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cells collected from the femur. Scoring of 2000 polychromatic erythrocytes for
formation of micronuclei revealed no increase in micronucleated polychromatic
erythrocytes at any dose. The ratio of polychromatic erythrocytes:normochromatic
erythrocytes was not determined (National Toxicology Program, 2003).
In addition to the assay for micronuclei formation in bone marrow, an assay for
micronuclei formation in mouse peripheral blood erythrocytes was performed.
Peripheral blood samples were obtained within 24 h of the final treatment in a 14week study of toxicity in which female and male B63CF1 mice were given diet containing microencapsulated citral at a dose of up to 7550 and 8110 mg/kg bw per
day, respectively. Blood smears were made, fixed and stained, and 1000 normochromatic erythrocytes per animal were scored for the frequency of micronuclei. In addition, the percentage of polychromatic erythrocytes among the total
population of erythrocytes was scored. Results for all doses in both males and
females showed no increase in micronucleated normochromatic erythrocytes or in
the percentage of polychromatic erythrocytes (National Toxicology Program, 2003).
Conclusion
Several aliphatic branched-chain unsaturated alcohols and aldehydes have
been tested in the Ames assay and found to be not mutagenic in vitro. In addition
to showing a lack of mutagenic potential in the Ames assay, citral gave negative
results in assays for mutagenicity in E. coli WP2 uvrA. There was some evidence
of DNA damage caused by citral from two rec assays with Bacillus subtilis, but
only at very high concentrations. Rec assays performed with lower concentrations of test substance, however, gave negative results for citral as well as for dlcitronellol, citronellal, and geraniol.
Citronellal showed weak evidence of clastogenicity in a non-standard assay for
chromosomal aberrations, but gave negative results in assays for sister chromatid
exchanges. Geraniol neither induced sister chromatid exchanges nor chromosomal aberrations. Citral showed evidence of activity in assays for sister chromatid
exchanges, but increased incubation times were required because of delayed cell
cycling. Citral did not induce chromosomal aberrations in vitro nor did it show signs
of genotoxicity in assays for micronucleus formation in bone marrow and peripheral erythrocytes in vivo. Citral induced DNA damage in mouse fibroblasts in vitro,
as shown by increased expression of P53. This result, however, contrasts with the
results of existing assays for genotoxicity with citral, which are largely negative.
On the basis of the results of available studies of genotoxicity, the Committee
concluded that members of this group of aliphatic branched-chain saturated and
unsaturated alcohols, aldehydes, acids, and related esters are not genotoxic.
(e)

Reproductive toxicity
(i)

Citral (No. 1225)

Groups of 30 female Sprague Dawley/Charles River rats were given citral orally
at a dose of 0 (corn oil control), 50, 160, or 500 mg/kg bw per day from 2 weeks
before mating until day 20 of gestation. At that time half the females in each group
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underwent caesarian section, while the other half delivered naturally and continued to receive treatment until day 21 of lactation.
Maternal toxicity observed at a dose of 160 and 500 mg/kg bw per day included
mortality, clinical symptoms of toxicity (urine-stained abdominal fur, decreased
motor activity, and excess salivation), as well as significant decreases in bodyweight gain during days 0–6 of gestation, and significant increases in food consumption during lactation (days 1–4 post-partum). The only indication of maternal
toxicity at a dose of 50 mg/kg bw per day was excess salivation. No significant differences were observed in estrus cycling, duration of cohabitation, rate of pregnancy, or duration of gestation. Slight (not statistically significant) decreases in fetal
body weight were reported for fetuses delivered by Caesarean delivery at the intermediate and highest doses. Significantly decreased pup body weights for pups
that were delivered naturally were reported at the highest dose. Treatment did not
affect the numbers of corpora lutea and implantations, live litter sizes, resorptions,
sex ratio, or pup viability up to day 21 of lactation. No gross external alterations
were reported in the offspring. The NOEL for citral was 50 mg/kg bw per day for
maternal toxicity and 160 mg/kg bw per day for developmental toxicity (Hoberman
et al., 1989).
In a screening test for reproductive and developmental toxicity, four groups of
10 virgin Crl:CD BR VAF Plus rats were treated orally by gavage with citral diethyl
acetal at a dose of 0, 125, 250, or 500 mg/kg bw per day from 7 days before cohabitation, throughout cohabitation (maximum of 7 days), gestation, delivery, and for
4 day after parturition. Maternal indices monitored included clinical signs of toxicity, mortality, body weights and food consumption, fertility parameters (mating and
fertility index, gestation index, numbers of implantations sites and pups per litter),
duration of gestation, maternal behaviour, and gross lesions at necropsy. Offspring
indices included clinical signs of toxicity, viability, sex ratio, body weights, and
examination for gross external malformations.
In the dams, the only effects observed for citral diethyl acetal were clinical signs
(not specified), and (not statistically significantly) decreased body weights and
body-weight gains at the intermediate and highest doses. At the highest dose, pup
body weights were also decreased (not statistically significantly). On this basis, the
NOEL for citral was 125 mg/kg bw per day for maternal toxicity and 250 mg/kg bw
per day for developmental toxicity (Vollmuth et al., 1990).
In a study of developmental toxicity, groups of 20 pregnant Wistar rats were
given citral at a dose of 0, 60, 125, 250, 500, or 1000 mg/kg bw (purity, 95%) in
corn oil by gavage, daily during days 6–15 of gestation. On day 21 of gestation
the dams were killed and the fetuses removed.
Maternal body-weight gain was significantly reduced at the two higher doses
(500 and 1000 mg/kg bw), while the decrease in body-weight gain observed at the
two intermediate doses (125 and 250 mg/kg bw) could primarily be attributed to
reduced weight of the gravid uterus. At the lowest dose, a transient decrease in
body-weight gain was noted on days 6–15 of gestation. At doses of ≥125 mg/kg
bw and higher, there was a dose-dependent decrease in the ratio of pregnant rats
(i.e. with implantation sites) to sperm-positive treated rats, which suggested
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impaired implantation or induction of very early postimplantation losses. Citral also
significantly reduced the number of implantations per dam at 125 and 1000 mg/kg
bw. An increase in resorptions was observed at 60, 125, and (not statistically significantly) at 250 mg/kg bw, but not at higher doses. Due to the increase in resorptions and the reduced number of implantations per dam, the number of live fetuses
was reduced at doses of 60 (not statistically significant), 125, 250 and 1000 mg/kg
bw, but not at 500 mg/kg per day. At doses of ≥125 mg/kg bw, ossification was
delayed and fetal weights decreased. An increase in the proportion of fetuses
exhibiting haematoma was reported at doses of ≥250 mg/kg. No treatment-related
effects on the incidence of gross structural abnormalities or visceral malformations
were seen; however, the frequency of fetuses with one or more minor skeletal
anomalies was increased at 125, 250, and 1000 mg/kg bw. Effects on fetal organ
weights were limited to increases in absolute and relative spleen weights at
≥250 mg/kg bw. The NOEL for citral was <60 mg/kg bw per day for maternal toxicity, given that effects on body-weight gain and prenatal losses were observed at
all doses tested. The NOEL for developmental toxicity was 60 mg/kg bw per day
on the basis of fetal growth retardation and increased incidences of skeletal anomalies. Citral is not teratogenic; the increases in frequencies of fetuses with delayed
ossification and skeletal anomalies were not dose-related and occurred at doses
that were maternally toxic (Nogueira et al., 1995).
In study of developmental toxicity, groups of 25 pregnant Sprague-Dawley
(COBS) CD BR rats were exposed by inhalation to citral (purity, 90%) at a concentration of 0, 10 or 34 ppm (as vapour), or 68 ppm (as an aerosol/vapour
mixture)for 6 h per day on days 6 to 15 of gestation. Dams were killed on day 20
of gestation and the fetuses were removed and examined for gross, visceral and
skeletal malformations.
Maternal toxicity was only observed at the highest dose, and included mortality, decreased body weight, and clinical signs of toxicity (including ocular opacity,
difficulty in breathing, nasal discharge, and salivation). After cessation of treatment,
most clinical signs disappeared, and although body weights increased, the net
body-weight gain was significantly decreased. The number of corpora lutea,
implantations, resorptions, fetal viability, litter size, and sex ratio were not significantly affected by treatment with citral. At the maternally toxic dose, some slight
fetotoxic effects, apparent as slightly decreased fetal weights and slightly increased
incidences of hypoplastic bones (both not statistically significant), were observed.
There were no other treatment-related visceral or skeletal malformations
(Gaworski et al., 1992).
(f)

Other effects

In short-term studies of toxicity in which citral was administered orally by
gavage in corn oil for 3–10 days to male rats, citral induced peroxisome proliferation, hepatomegaly and microsomal induction at extremely high doses
(1500 mg/kg bw per day for 5 days or 2400 mg/kg bw per day for 3 or 10 days)
(Jackson et al., 1987; Roffey et al., 1990). In the short-term studies under evaluation, increased liver weights were reported in mice but not in rats treated by
gavage in 12-day studies by Dieter et al. (1993). In mice, no associated histopatho-
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logic hepatic changes were observed. The liver (weight and histopathology) was
not affected in studies in which diets containing citral were given to mice and rats
for up to 14 weeks. Hence, it is unlikely that citral induced peroxisome proliferation in these studies.
According to the National Toxicology Program (2003), citral has been shown
to induce benign and atypical prostatic hyperplasia in a number of studies in rats
treated dermally. The mechanism by which citral induces this prostatic hyperplasia is unknown, but it has been suggested that interaction of citral with serum
testosterone and/or estrogen may play a role. The strain genotype and endocrine
background play a role in the development of the disease, as Wistar and SpragueDawley rats, but Fischer 344 or ACI/Ztm rats, were affected after treatment with
citral. Consistent with this, the two-year study of carcinogenicity with Fischer 344/N
rats treated orally did not reveal any effect on male accessory glands, including
all lobes of the prostate (National Toxicology Program, 2003).
Geldof et al. (1992) showed that application of citral directly to the vagina
of ovariectomized female Copenhagen rats significantly increased proliferation of
the vaginal epithelium. The effect, however, was smaller than that induced by estradiol-17b. In addition, citral inhibited binding of estradiol-17b to estrogen receptors,
but did not inhibit binding of testeosterone to androgen receptors in vitro. These
results suggest that citral has a weak estrogenic activity.

3.
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The Committee evaluated a group of 29 aliphatic and aromatic flavouring
agents (see Table 1) that included eucalyptol (No. 1234) and anisole (No. 1241)
by the Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1,
Introduction). These agents have not been evaluated previously by the Committee. Benzyl butyl ether (No. 1253) and dibenzyl ether (No. 1256) were evaluated
for specifications only at the twenty-fourth meeting (Annex 1, reference 53).
Twenty-three of the 29 flavouring agents (Nos 1231–1239, 1241–1246,
1248–1255) have been reported to occur naturally in foods. They have been
detected in fruits, vegetables, alcoholic beverages, cheese, oil and tea (Maarse
et al., 1999).

– 335 –

1241

1242

1243

1245

1246

o-Methylanisole

p-Methylanisole

2,4-Dimethylanisole

1-Methyl-3-methoxy-4isopropylbenzene

No.

1076-56-8

O

6738-23-4

104-93-8

O

O

O

O

No
Europe: 2
USA: 0.1

No
Europe: ND
USA: 0.2

No
Europe: 0.5
USA: 15

No
Europe: 3
USA: 0.06

No
Europe: 0.03
USA: 0.01

Step A3 b Does
intake exceed
the threshold
for human
intake?

NR

NR

NR

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 3

See note 3

See note 2

See note 1

See note 1

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

578-58-5

100-66-3

CAS No. and
structure

24/11/04

Anisole

Structural class I

Flavouring agent

Table 1. Summary of results of the safety evaluations of aliphatic and aromatic ethers used as flavouring agentsa
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1248

1249

1250

1,2-Dimethoxybenzene

m-Dimethoxybenzene

p-Dimethoxybenzene

sec-Butyl ethyl ether

O

2679-87-0

O

150-78-7

O

151-10-0

O

O

91-16-7

4732-13-2

O

O

O

No
Europe: 8
USA: 0.3

No
Europe: 18
USA: 7

No
Europe: 5
USA: 2

No
Europe: ND
USA: 20

No
Europe: 0.1
USA: 0.02

Step A3 b Does
intake exceed
the threshold
for human
intake?

NR

NR

NR

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 4

See note 3

See note 3

See note 3

See note 3

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

1231

1247

Carvacryl ethyl ether

CAS No. and
structure

24/11/04

Structural class II

No.

Flavouring agent

Table 1. (contd)
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No.

1232

1233

1234

1235

1236

Flavouring agent

C1-Ethoxy-3-methyl-2butene

1,4-Cineole

Eucalyptol

Nerol oxide

2,2,6-Trimethyl-6vinyltetrahydropyran

Table 1. (contd)

O

7392-19-0

O

1786-08-9

O

70-82-6

No
Europe: 0.01
USA: 8

No
Europe: 1
USA: 0.7

Yes
Europe: 1439
USA: 1954

No
Europe: 5
USA: 146

NR

NR

No

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

NR

Yes. The NOEL for
eucalyptol of >32 mg/kg
bw per day (Roe et al.,
1979) is approximately
1000 times greater than
the estimated daily intakes
of 24 mg/kg bw in Europe
and 33 mg/kg bw in the
USA when used as
a flavouring agent

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 5

See note 5

See note 5

See note 5

See note 4

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

O

470-67-7

No
Europe: 0.9
USA: 2

Step A3 b Does
intake exceed
the threshold
for human
intake?

24/11/04

O

22094-00-4

CAS No. and
structure
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No.

1239

1252

1253

Cycloionone

Benzyl ethyl ether

Benzyl butyl ether

588-67-0

539-30-0

O

5552-30-7

O

36431-72-8

O

O
No
Europe: ND
USA: 0.02

No
Europe: 0.003
USA: 2

No
Europe: ND
USA: 2

No
Europe: 2
USA: 0.1

No
Europe: 4
USA: 0.2

Step A3 b Does
intake exceed
the threshold
for human
intake?

NR

NR

NR

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

NR

NR

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See notes 3 and 6

See notes 3 and 6

See note 5

See note 5

See note 5

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

1238

O

16409-43-1

CAS No. and
structure

24/11/04

Theaspirane

CTetrahydro-4-methyl-2-(2- 1237
methylpropen-1-yl)pyran

Flavouring agent

Table 1. (contd)
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1254

CMethyl phenethyl ether

O

104-45-0

1240

1244

1,5,5,9-Tetramethyl-13oxatricyclo(8.3.0.0(4,9))
tridecane

p-Propylanisole

O

O

Yes
Europe: 23
USA: 114

No
Europe: 1
USA: 0.1

No
Europe: 31
USA: 0.01

Step A3 b Does
intake exceed
the threshold
for human
intake?

No

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

Yes. The NOEL of
300 mg/kg bw per day
for the related substance
p- propenylanisole (transanethole) (Vavasour, 1999)
Annex 1, reference 138)
is >100 000 times greater
than the daily intakes of
p-propylanisole in Europe
(0.4 mg/kg bw) and in the
USA (2 mg/kg bw) when
used as a flavouring agent

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 7

See note 5

See notes 3 and 6

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

3738-00-9

3558-60-9

CAS No. and
structure

24/11/04

Structural class III

No.

Flavouring agent

Table 1. (contd)
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No.

1251

1255

1256

1257

Flavouring agent

C3,4-Dimethoxy-1vinylbenzene

Diphenyl ether

Dibenzyl ether

b-Naphthyl methyl ether

Table 1. (contd)

93-04-9

103-50-4

O

O

O

No
Europe: ND
USA: 0.01

Yes
Europe: 0.6
USA: 241

No
Europe: 14
USA: 5

NR

No

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

Yes. The NOEL of
196 mg/kg bw per day
and >620 mg/kg bw per
(females) day (males) for
dibenzyl ether (Burdock &
Ford, 1992) is >10 000 000
and >10 000 times greater
than the estimated daily
intakes of 0.01 mg/kg bw in
Europe and 4 mg/kg bw in
the USA, respectively,
when used as a flavouring
agent

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 9

See notes 3 and 6

See note 8

See notes 3 and 6

Comments on
predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

No safety
concern

Conclusion
based on
current intake

23:14

101-84-8

O

No
Europe: ND
USA: 0.01

Step A3 b Does
intake exceed
the threshold
for human
intake?

24/11/04

O

6380-23-0

CAS No. and
structure
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1258

1259

Cb-Naphthyl ethyl ether

b-Naphthyl isobutyl ether

O

O
No
Europe: 1
USA: 2

No
Europe: ND
USA: 4

Step A3 b Does
intake exceed
the threshold
for human
intake?

NR

NR

Step A4 Is the
substance
or its
metabolites
endogenous?

NR

NR

Step A5
Adequate
margin of safety
for substance
or related
substance?

See note 9

See note 9

Comments on
predicted
metabolism

No safety
concern

No safety
concern

Conclusion
based on
current intake

Notes:
1. Metabolized primarily by p-hydroxylation with O-demethylation, and o-hydroxylation is the minor pathway
2. Metabolized primarily by m-hydroxylation with O-demethylation
3. Metabolized by O-demethylation
4. Metabolized by cytochrome P450-catalysed O-dealkylation to the corresponding alcohol and aldehyde, followed by complete oxidation in the fatty acid pathway and
tricarboxylic acid cycle
5. Oxidized by cytochrome P450 isoenzymes to polar metabolites, followed by conjugation with glucuronic acid and excretion in the urine
6. Metabolized by ring hydroxylation
7. Metabolized by O-demethylation, a and w-1 oxidation of the side chain and side chain degradation
8. Metabolized by ring hydroxylation followed by conjugation with glucuronic acid and excretion
9. Excreted as a glucuronic acid conjugate with the methyl ether linkage intact

23:14

2173-57-1

93-18-5

CAS No. and
structure

24/11/04

CAS: Chemical Abstracts Service; ND: no intake data reported; NR: not required for evaluation because consumption of the substance was determined to be of no safety
concern at Step A3 of the Procedure.
a
Step 2: All of the flavouring agents in this group are expected to be metabolized to innocuous products.
b
The threshold for human intake for structural classes I, II and III are 1800 mg/day, 540 mg/day and 90 mg/day, respectively. All intake values are expressed in mg per day.
The combined per capita intakes of flavouring agents in structural class I is 29 mg per day in Europe and 44 mg per day in the USA. The combined per capita intake of
flavouring agents in structural class II is 1491 mg per day in Europe and 2115 mg per day in the USA. The combined per capita intake of flavouring agents in structural class
III is 40 mg per day in Europe and 366 mg per day in the USA.

No.

Flavouring agent

Table 1. (contd)
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1.2

343

Estimated daily intake

The total annual volume of production of the 29 flavouring agents in this group
is approximately 11 000 kg in Europe (International Organization of the Flavour
Industry, 1995) and 19 000 kg in the USA (National Academy of Sciences, 1970,
1982 and 1987; Lucas et al., 1999). More than 90% of the total annual volume of
production in Europe and >75% in the USA is accounted for by eucalyptol (No.
1234). The estimated daily per capita intake of eucalyptol in Europe and the USA
is 1439 mg and 1954 mg, respectively. The daily per capita intakes of the other
flavouring agents in the group range from 0.003–241 mg/day (National Academy of
Sciences, 1970, 1982 and 1987; International Organization of the Flavour Industry, 1995; Lucas et al., 1999). The daily per capita intake of each agent in Europe
and in the USA is reported in Table 1.
1.3

Absorption, distribution, metabolism and elimination

The aliphatic ethers in this group are either open chain (Nos 1231–1232) or
cyclic compounds (Nos 1233–1240). The open-chain aliphatic compounds can be
expected to undergo O-dealkylation to yield the corresponding aldehyde and
alcohol, followed by complete oxidation in the fatty acid pathway and tricarboxylic
acid cycle (Krantz & Carr, 1969). The alicyclic ethers can be expected to undergo
either ring hydroxylation or side-chain oxidation followed by conjugation with glucuronic acid and excretion in the urine (Madyastha & Chadha, 1986; Asakawa et
al., 1988).
Most of the aromatic flavouring agents in this group have single benzene ring
structures with an ether group and one or more simple saturated (Nos 1241–1250
and 1252–1254) or unsaturated (No. 1251) side-chains. Some have dual methoxy
groups (Nos 1248–1251). Others in this group have two aromatic rings, which are
either separate (Nos 1255 and 1256) or fused (Nos 1257–1259). These aromatic
ethers are expected to be metabolized by one or more of three pathways (ring
hydroxylation, O-dealkylation, or side-chain oxidation), depending on the location
of the substituents, and then conjugated with glucuronic acid, sulfate or glycine
(Bray et al., 1955; Daly, 1970; Law & Chakrabarti, 1983; Sangster et al., 1983;
Takahara et al., 1986).
1.4

Application of the Procedure for the Safety Evaluation of
Flavouring Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring Agents
(see Figure 1, Introduction) to the 29 flavouring agents in this group, the
Committee assigned nine (Nos 1241–1243 and 1245–1250) to structural
class I. Twelve flavouring agents (Nos 1231–1239, and 1252–1254) were
assigned to structural class II and the remaining eight (Nos 1240, 1244,
1251, 1255–1259) were assigned to structural class III (Cramer et al.,
1978).
Step 2. All the flavouring agents in this group are expected to be metabolized to
innocuous products. The evaluation of all agents in this group therefore
proceeded via the A-side of the decision-tree.
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Step A3. The estimated daily per capita intakes of all nine of the flavouring agents
in structural class I, 11 of the 12 agents in structural class II, and six of
the eight agents in structural class III are below the threshold of concern
(i.e. 1800 mg for class I, 540 mg for class II and 90 mg for class III). The
Committee concluded that these 26 substances would not be expected
to be of safety concern when used as flavouring agents at currently estimated levels of intake. Intake of one of the agents in structural class II,
eucalyptol (No. 1234), and two agents in structural class III, p-propylanisole (No. 1244) and dibenzyl ether (No. 1256), exceed the thresholds of concern for class II and III. The daily intake of eucalyptol per
capita has been reported to be 1439 mg in Europe and 1954 mg in the
USA. The daily intake per capita of p-propylanisole is 23 mg in Europe
and 114 mg in the USA. The daily intake per capita of dibenzyl ether is
0.6 mg in Europe and 241 mg in the USA. Accordingly, the evaluation of
these agents proceeded to step A4.
Step A4. None of these three flavouring agents is endogenous in humans. The
evaluation of these substances therefore proceeded to step A5.
Step A5. The no-observed-effect level (NOEL) of >32 mg/kg bw per day (Roe et
al., 1979) for eucalyptol (No. 1234) is approximately 1000 times greater
than the estimated intake of eucalyptol from its use as a flavouring agent
in Europe (24 mg/kg bw per day) and in the USA (33 mg/kg bw per day)1.
The NOEL of 300 mg/kg bw per day for p-propenylanisole, identified by
the Committee (Annex 1, reference 138), provides a margin of safety
that is approximately 150 000 times greater than the highest estimated
intake of p-propylanisole (No. 1244) from its use as a flavouring agent
(0.4 mg/kg bw per day in Europe and 2 mg/kg bw per day in the USA). The
NOEL of 196 mg/kg bw per day (Burdock & Ford, 1992) for dibenzyl ether
(No. 1256) provides a margin of safety that is 50 000 times greater than
the highest estimated intake of dibenzyl ether from its use as a flavouring agent (0.01 mg/kg bw per day in Europe and 4 mg/kg bw per day in the
USA). The Committee therefore concluded that the safety of these
agents raises no concern at their currently estimated levels of use.
Table 1 summarizes the evaluations of the 29 aliphatic and aromatic ethers
(Nos 1231–1259) in this group.

1

The Committee was informed that certain products, such as lozenges/hard candies, may
contain high concentrations of eucalyptol and noted that theoretical estimates of the daily
per capita intake of eucalyptol could be as great as 16 mg (Scientific Committee on Food,
2002). Data on the frequency of use of such products were not available to the
Committee, thus it was not possible to estimate long-term intake. The Committee noted,
however, that even at an intake of 16 mg/person per day, a margin of safety of
approximately 120 existed between this intake and the NOEL of >32 mg/kg bw per day
identified in a long-term study in rats.
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1.5

345

Consideration of combined intakes from use as flavouring agents

All 29 agents in this group are expected to be metabolized efficiently and the
available metabolic pathways would not be saturated. Evaluation of all the data
indicated no safety concern associated with combined intake.
1.6

Consideration of secondary components

Two members of this group, 1,4-cineole (No. 1233) and benzyl butyl ether (No.
1253), have a minimum assay value <95%. Information on the safety of the
secondary components of these three compounds is summarized in Annex 6
(Summary of the safety evaluation of secondary components of flavouring agents
with minimum assay values of less than 95%). 1,8-Cineole (No. 1234), the secondary component in 1,4-cineole, was evaluated at the present meeting, while
benzyl alcohol (No. 25), the secondary component in benzyl butyl ether, was evaluated at a previous meeting (Annex 1, reference 122). The secondary components
in these two flavouring agents were considered not to present a safety concern.
1.7

Conclusions

The Committee concluded that none of the flavouring agents in this group of
aliphatic and aromatic ethers would raise a safety concern at the currently estimated levels of intake. Other data on the toxicity and metabolism of these aromatic and aliphatic ethers were consistent with the results of the safety evaluation.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Additional considerations on intake

Of the 29 substances in this group, 23 have been reported to occur naturally
in foods (Table 2). Aliphatic and aromatic ethers have been detected in a variety
of foods including fruits, vegetables, alcoholic beverages, coffee and tea (Maarse
et al., 1999). The ether with the highest annual volume of production, eucalyptol
(No. 1234), is widely distributed in the plant kingdom (see Table 3). The oils derived
from these plants have been reported to contain significant amounts of eucalyptol. In fact, eucalyptol is one of the few substances obtained exclusively by isolation from the essential oil of eucalyptus, which contains up to 85% eucalyptol
(Bauer & Garbe, 1985). The percentage of eucalyptol in essential oils is: eucalyptus oil, 47.7–85% (Bauer & Garbe, 1985; Silvestre et al., 1997); rosemary oil,
14–50% (Ravid et al., 1993), cardamon oil, 23.40–51.30% (Bernhard et al., 1971);
basil oil, 0.94–12.91% (Marotti et al., 1996); spearmint oil, 0.8–2.6% (Smith et al.,
1963; Murray et al., 1972); peppermint oil, 1.40–7.30% (Derbesy et al., 1991); and
corn mint oil, trace amounts–2.57% (Gasic et al., 1992). The consumption ratio
calculated for eucalyptol is approximately 23, indicating that exposure occurs predominantly from the consumption of traditional foods and essential oils (i.e. consumption ratio, >1) (Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987;
Lucas et al., 1999; Maarse et al., 1999) (see Tables 2 and 3).
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Table 2. Annual volumes of production of aliphatic and aromatic ethers used
as flavouring agents
Flavouring agent (No.)

Most recent
annual
volume (kg)a

Intakeb (“eaters only”)

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

mg/day

mg/kg bw
per day

sec-Butyl ethyl ether (1231)
Europe
57
USA
2

8
0.3

0.1
0.005

+

NA

1-Ethoxy-3-methyl-2-butene (1232)
Europe
6
11
USAe

0.9
2

0.01
0.03

+f

NA

1,4-Cineole (1233)
Europe
USA

32
1 107

5
146

0.08
2

17

0.02

Eucalyptol (1234)
Europe
USA

10 087
14 832

1439
1954

24
33

337 484

23

Nerol oxide (1235)
Europe
USA

7
5

1
0.7

0.02
0.01

+

NA

0.0002
0.1

2,2,6-Trimethyl-6-vinyltetrahydropyran (1236)
Europe
0.1
0.01
USAe
45
8

18

0.4

Tetrahydro-4-methyl-2-(2-methylpropen-1-yl)pyran (1237)
Europe
31
4
0.07
USA
2
0.2
0.004

+

NA

Theaspirane (1238)
Europe
USA

14
0.9

2
0.1

0.03
0.002

+

NA

Cycloionone (1239)
Europe
USAe

ND
9

ND
2

ND
0.03

+

NA

1,5,5,9-Tetramethyl-13-oxatricyclo(8.3.0.0(4,9))tridecane (1240)
Europe
10
1
0.02
USA
0.9
0.1
0.002
-

NA

Anisole (1241)
Europe
USA

0.2
0.05

0.03
0.01

0.0005
0.0001

+

NA

o-Methylanisole (1242)
Europe
USA

20
0.5

3
0.06

0.05
0.001

+

NA

p-Methylanisole (1243)
Europe
USA

4
113

0.5
15

0.01
0.2

+

NA

p-Propylanisole (1244)
Europe
USA

161
862

23
114

0.4
2

+

NA
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Table 2. (contd)
Flavouring agent (No.)

Most recent
annual
volume (kg)a

Intakeb (“eaters only”)

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

mg/day

mg/kg bw
per day

ND
0.2

ND
0.003

+

NA

1-Methyl-3-methoxy-4-isopropylbenzene (1246)
Europe
14
2
USA
0.5
0.1

0.03
0.001

+

NA

Carvacryl ethyl ether (1247)
Europe
0.7
USA
0.2

0.1
0.02

0.002
0.0004

-

NA

1,2-Dimethoxybenzene (1248)
Europe
ND
113
USAe

ND
20

ND
0.3

+

NA

m-Dimethoxybenzene (1249)
Europe
38
USA
17

5
2

0.09
0.04

+

NA

p-Dimethoxybenzene (1250)
Europe
124
USA
54

18
7

0.3
0.1

+

NA

3,4-Dimethoxy-1-vinylbenzene (1251)
Europe
ND
USAg
0.05

ND
0.01

ND
0.0001

3 347

66 940

Benzyl ethyl ether (1252)
Europe
0.02
USAg
14

0.003
2

0.00005
0.04

15

1

Benzyl butyl ether (1253)
Europe
ND
USAg
0.1

ND
0.02

ND
0.0003

+

NA

Methyl phenethyl ether (1254)
Europe
216
USA
0.1

31
0.01

0.5
0.0002

+

NA

Diphenyl ether (1255)
Europe
USA

100
39

14
5

0.2
0.1

+

NA

Dibenzyl ether (1256)
Europe
USA

4
1 828

0.6
241

0.01
4

-

NA

b-Naphthyl methyl ether (1257)
Europe
ND
USAg
0.05

ND
0.01

ND
0.0001

-

NA

b-Naphthyl ethyl ether (1258)
Europe
ND
USA
29

ND
4

ND
0.06

-

NA

2,4-Dimethylanisole (1245)
Europe
ND
USAe
1
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Table 2. (contd)
Flavouring agent (No.)

Most recent
annual
volume (kg)a

b-Naphthyl isobutyl ether (1259)
Europe
10
USAg
9
Total
Europe
USA

Intakeb (“eaters only”)
mg/day

mg/kg bw
per day

1
2

0.02
0.03

Annual
volume in
naturally
occurring
foods (kg)c

Consumption
ratiod

-

NA

10 929
19 095

NA, not available; ND, no intake data reported; +, reported to occur naturally in foods
(Maarse et al., 1999), but no quantitative data; -, not reported to occur naturally in foods
a
From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or
National Academy of Sciences (1970, 1982, 1987).
b
Intake (mg/person per day) calculated as follows:
[(annual volume, kg) · (1 · 109 mg/kg)]/[population · survey correction factor · 365 days],
where population (10%, “eaters only”) = 32 · 106 for Europe and 26 · 106 for the USA;
where correction factor = 0.6 for Europe and USA National Academy of Sciences
surveys and 0.8 for the Lucas et al. survey in the USA, representing the assumption that
only 60% and 80% of the annual volume of flavouring agent, respectively, was reported
in the poundage surveys (International Organization of the Flavour Industry, 1995; Lucas
et al., 1999; National Academy of Sciences, 1970, 1982, 1987).
Intake (mg/kg bw per day) calculated as follows: (mg/person per day)/body weight, where
body weight = 60 kg. Slight variations may occur from rounding.
c
Quantitative data for the United States reported by Stofberg & Grundschober (1987).
d
The consumption ratio was calculated as follows: (annual consumption via food,
kg)/(most recent reported volume as a flavouring agent, kg)
e
The volume cited is the anticipated annual volume, which was the maximum amount of
flavouring agent estimated to be used annually by the manufacturer at the time the
material was proposed for flavour use. Subsequent national surveys (National Academy
of Sciences, 1970, 1982, 1987; Lucas et al., 1999) revealed no reported use of the
agent as a flavouring agent.
f
Natural occurrence data were reported in a private communication to FEMA (1983, 1985,
1990).
g
Annual volume reported in previous USA surveys (NAS, 1970; 1982; 1987).

Quantitative data on natural occurrence and consumption ratios reported
for two other flavouring agents (3,4-dimethoxy-1-vinylbenzene (No. 1251); and
benzyl ethyl ether (No. 1252)) also indicate that exposure occurs predominantly
from consumption of traditional foods (Stofberg & Kirschman, 1985; Stofberg
& Grundschober, 1987) (Table 2).
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Table 3. Consumption of eucalyptol from foods and essential oils in the USA
Food

Annual
consumption
of this food
in the USA
(kg/year)

Concentration of
eucalyptol in
food
(kg/kg food)c

Annual
consumption of
eucalyptol via
this food in the
USA (kg)d

Cinnamon
Peppermint oil
Spearmint oil
Cornmint oil
Eucalyptol oil
Ginger
Rosemary
Sage oil
Total

1 840 000a
460 000a
230 000a
21 137b
82 100b
879 969b
207 745b
776b

0.020
0.085
0.026
0.03
0.8657
0.112
0.410
0.211

36 800
39 100
5 980
634
71 074
98 557
85 175
164
337 484

Flavouring agent

Annual
consumption
via food in
the USA (kg)

Annual
consumption
as added flavouring
agent in the USA
(kg)b

Consumption
ratioe

Eucalyptol

337 484

14 832

23

a

From Stofberg & Grundschober (1987)
From Lucas et al. (1999)
c
From Maarse et al. (1999)
d
Annual consumption of this food in USA (kg/year) · concentration of eucalyptol in this
food (kg/kg food) = annual consumption of eucalyptol via this food in the USA (kg)
e
The consumption ratio is calculated as follows: (annual consumption via food, kg)/(most
recent reported volume as flavouring agent, kg)
b

2.2

Biological data

2.2.1

Biochemical data
(a)

Absorption, distribution and excretion

The simple aliphatic and aromatic ethers in this group are expected to be
rapidly absorbed from the gastrointestinal tract and excreted in the urine.
(i)

Aliphatic ethers (Nos 1231–1240)

Data on absorption, metabolism and urinary excretion of the aliphatic acyclic
ethers in animals are available for the structurally related substance methyl tertbutyl ether2. In rats, methyl tert-butyl ether is rapidly absorbed, metabolized and

O
2

Methyl tert-butyl ether.
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excreted after oral administration at a dose of 400 mg/kg bw, and the reported halflife is 30 min in the blood. No tissue-specific affinity was observed (Miller et al.,
1997).
In rabbits, peak plasma concentrations of the alicyclic substance, eucalyptol
(No. 1234) and its major unconjugated metabolites occurred within 30 min and 1
h, respectively, after oral administration of a dose of 200 mg/kg bw. The parent
ether reached a maximum plasma concentration of 840 mg/dl within 30 min, while
the plasma concentration of the principal unconjugated metabolite, (+)-2-exohydroxy-1,8-cineole, peaked at 2400 mg/dl within 1 h and then decreased slowly
between 2 h and 6 h. Peak plasma concentration (1250 mg/dl) of the major conjugated metabolite, (+)-2-exo-hydroxy-1,8-cineole, occurred 1.5–2 h after dosing
(Miyazawa et al., 1989). In mice, blood concentrations of eucalyptol reached a
peak 5 min after oral administration of 4, 20, or 40 ml of rosemary oil containing
39% eucalyptol (approximately equivalent to 52, 260 and 520 mg/kg bw of eucalyptol, respectively). At 260 mg/kg bw, blood concentrations remained fairly constant over the following 90 min, while at 520 mg/kg bw, the peak blood concentration
dropped to 60% of the maximum value and remained in that range for the following 80 min (Kovar et al., 1987). These results indicate that at doses of up to
200 mg/kg bw, eucalyptol undergoes rapid absorption into the blood, metabolism
and conjugation to polar metabolites. At higher doses, however, metabolism
appears to be slower, probably due to saturation of the metabolic pathway.
The intrinsic clearance (CL¢int = Vmax/Km) of eucalyptol was studied in microsomes from male Hooded Wistar rats and humans. To determine the effect on
clearance caused by induction of metabolism, rats were treated once a day for
6 days with either a mixture of terpenes (eucalyptol, 255 mg/kg bw; p-cymene,
4 mg/kg bw; l-limonene, 34 mg/kg bw; and a-pinene, 103 mg/kg bw) by gavage or
with phenobarbitone at a dose of 80 mg/kg bw. Liver microsomes from the rats
treated with the mixture of terpenes or with phenobarbitone, and from control rats,
and pooled liver microsomes from seven male patients were incubated with eucalyptol (5–200 mmol/l) for 10 min (except for microsomes from rats treated with phenobarbitone, which were incubated for 5 min). Intrinsic clearance values were as
follows: control rats, 27.5 ml/mg of protein per min; terpene-treated rats, 258.2 ml/mg
of protein per min; phenobarbitone-treated rats, 1824.7 ml/mg of protein per min;
and for human patients, 11.6 ml/mg of protein per min. Rats treated with terpenes
or with phenobarbitone metabolize eucalyptol at a higher rate than rats that have
not been induced, suggesting that cytochrome P450 (CYP450) isoenzymes have
been induced (Pass et al., 2001).
Volunteers exposed for 20 min to air passing over 4 ml of eucalyptol, via a
closed breathing circuit, showed biphasic elimination of eucalyptol from the blood.
The half-life for distribution was 6.7 min, while the half-life for elimination was
104.6 min (Jager et al., 1996).
(ii)

Aromatic ethers (Nos 1241–1259)

In rabbits given anisole (No. 1241) at a dose of 500 mg/kg bw, or diphenyl ether
(No. 1255) at a dose of 500 mg/kg bw by stomach tube, 80% of the administered
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dose was excreted in the urine within 24 h. The unchanged ethers were not
detected in the urine and no smell of anisole or diphenyl ether was detected on
the breath of the rabbits (Bray et al., 1953).
Most the administered dose of p-methylanisole (No. 1243) given to six rabbits
by gavage was excreted in the urine within 24 h (Bray et al., 1955).
Female Wistar albino rats treated by oral intubation and male CD-1 mice
treated intraperitoneally received a single dose of [14C]p-propylanisole (No. 1244)
(labelled at the methoxy position) of 0.05, 0.5, 5, 50, 500 or 1500 mg/kg bw. At the
lowest dose, most of the radiolabel was excreted as 14CO2 in the expired air (81.6%
and 74.5% in rats and mice, respectively). Radiolabelled metabolites were also
excreted in the urine (8.0% and 15.0% in rats and mice, respectively). At the
highest dose, approximately equal amounts of radiolabel were excreted in the urine
(37.1% and 38.0% in rats and mice, respectively) and in the expired air (47.2%
and 49.9% in rats and mice, respectively) within 72 h, suggesting that the Odemethylation pathway becomes saturated at the higher doses administered.
Approximately 1–5% of the radiolabel was excreted in the faeces regardless of the
administered dose (Sangster et al., 1983).
In two humans given gelatine capsules containing 100 mg of p-propylanisole
labelled with 14C at the methoxy position, approximately 67% of the administered
dose was recovered within 48 h, most of which was recovered in the expired air
(43% eliminated after 8 h), and the remainder in the urine (23.8, 24.4, and 24.8%
eliminated after 8, 24, and 48 h, respectively) (Sangster et al., 1987).
Male Sprague-Dawley rats were given ring-labelled [14C]diphenyl ether (No.
1255) by intraperitoneal injection at a single dose of 5 mg/kg bw or by gavage at
a single dose of 10 mg/kg bw. Radiolabel was detected in all organs and tissues
within 1 h after intraperitoneal injection, with peak concentrations in the liver, lung,
kidney and spleen being 2–10 times higher than those in the muscle, brain, heart,
fats and testes. Rats given the radiolabelled diphenyl ether by gavage excreted at
least 90% of the radiolabel within 3 days, with approximately 80% and 10% of the
administered dose being detected in the urine and faeces, respectively (Law et al.,
1983).
Simple-substituted diphenyl ethers exhibit a similar pharmacokinetic profile.
More than 74% of an intravenous dose (176 mg/kg bw) of ring-labelled [14C]pchlorodiphenyl ether administered to male Sprague-Dawley rats was excreted
in the urine and faeces within 1 week. More than 90% of the radiolabel excreted
in the urine was accounted for by one metabolite. When radiolabelled pchorodiphenyl ether was incubated with rat liver microsomes, >70% was converted
to a single metabolite within 30 min, while 7% was irreversibly bound to microsomal protein (Chui et al., 1987).
Male Sprague-Dawley rats were given 14C-labelled 2,2¢,4,4¢,5pentachlorodiphenyl ether (a substance that is structurally related to pchorodiphenyl ether) at a dose of 10 mg/kg bw by intravenous injection or by
gavage. Radiolabel was present in all tissues examined, with peak concentrations
detected in fat tissue, followed by the skin, liver and kidneys. Other tissues examined included the brain, muscle, spleen and heart. The amount of radiolabel in fat
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tissue peaked at day 4 while in all other tissues and in blood a peak was attained
within 1 h. Radiolabel rapidly decreased in all tissues and the blood, with the exception of fat tissue, by day 21. In rats treated by gavage, 55% and 1.3% of the radiolabel was excreted in the faeces and the urine, respectively, within 7 days
(Komsta et al., 1998).
(b)

Biotransformation

Several metabolic options are available to aliphatic and aromatic ethers. One
pathway for aliphatic and aromatic ethers is O-dealkylation to form the corresponding aldehydes and alcohols, if a suitable alkyl substituent (methyl or ethyl)
is attached to the ether oxygen. The resulting alcohols may be further oxidized
and then conjugated and excreted, while the aldehydes (i.e. acetaldehyde and
formaldehyde) are oxidized to carboxylic acids that participate in fundamental biochemical pathways, including the fatty acid pathway and tricarboxylic acid cycle.
In a second pathway, the aliphatic acyclic or aromatic moiety may undergo
CYP450-induced C-oxidation (ring hydroxylation) or side-chain oxidation, followed
by conjugation with sulfate or glucuronic acid, and then excretion.
(i)

Aliphatic ethers (Nos 1231–1240)

Aliphatic ethers undergo NADPH-dependent, CYP450-catalysed Odealkylation to the corresponding alcohols and aldehydes (Brady et al., 1990). In
male Sprague-Dawley rats treated by intraperitoneal injection, methyl tert-butyl
ether (at a dose of 1 or 5 ml/kg bw) was O-demethylated to form tert-butyl alchol
and formaldehyde (Brady et al., 1990). The metabolism of methyl tert-butyl ether
was inhibited by 35% by monoclonal antibodies to CYP2E1, indicating that the
substance is partly metabolized by this isozyme. Pretreatment of rats with methyl
tert-butyl ether at a dose of 1 or 5 ml/kg bw caused induction of CYP2B1; however,
there was no change in the activity of CYP2E1 (Brady et al., 1990). In other studies
of methyl tert-butyl ether administered orally, additional minor oxidation metabolites were identified, including 2-methyl-1,2-propanediol and a-hydroxybutyric acid
(Bernauer et al., 1998).
Diethyl ether undergoes O-demethylation to ethanol and acetaldehyde, followed by oxidation to acetate, which eventually enters the citric acid cycle (Krantz
& Carr, 1969). Therefore, sec-butyl ethyl ether (No. 1231) and 1-ethoxy-3-methyl2-butene (No. 1232) are likely to undergo O-dealkylation to form the corresponding alcohols and aldehydes, which are expected to subsequently participate in
the fatty acid pathway and tricarboxylic acid cycle.
In humans and laboratory animals, alicyclic ethers, such as 1,4-cineole and
eucalyptol (1,8-cineole), are oxidized by CYP450 isoenzymes to yield polar hydroxylated metabolites, which are conjugated and excreted or further oxidized and
excreted. Cleavage of the ether is a minor metabolic pathway (Hiroi et al., 1995;
Miyazawa & Shindo, 2001; Miyazawa et al., 2001a, b).
The metabolism of eucalyptol (No. 1234) has been studied in a number of
animal species. This monoterpene cyclic ether principally undergoes ring hydroxylation to form 2- or 3-hydroxy-1,8-cineole, which is subsequently excreted as the
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glucuronic acid conjugate (Williams, 1959b) (see Figure 1). In male albino rats
given eucalyptol at a dose of 800 mg/kg bw by gavage, the major metabolites
included 2- and 3-hydroxy-1,8-cineole, and 1,8-dihydroxy-10-carboxy-p-menthane,
which was possibly formed by oxidation of the metabolite p-menthane-1,8-diol produced by cleavage of the ether linkage (Madyastha & Chadha, 1986).
These results are consistent with those of a later study (Pass et al., 2001; also
described under 2.1.1(a)). Hooded Wistar rats were treated once a day for 6 days
with either a mixture of terpenes (eucalyptol, 255 mg/kg bw; p-cymene, 4 mg/kg bw;
l-limonene, 34 mg/kg bw; and a-pinene, 103 mg/kg bw) by gavage or with phenobarbitone at a dose of 80 mg/kg bw. Liver microsomes prepared from rats treated
with either the mixture of terpenes or with phenobarbitone, and from control rats,
and pooled liver microsomes from seven male patients were incubated with eucalyptol (5–200 mmol/l) for 10 min (except for microsomes from rats treated with
phenobarbitone, which were incubated for 5 min). The microsomes from rats
treated with the mixture of terpenes produced similar amounts of 2- and 3-hydroxy1,8-cineole and lesser amounts of the 9-hydroxy-1,8-cineole metabolite. Of the six
metabolites detected in the microsomes from rats treated with phenobarbitone,
2-hydroxy-1,8-cineole was the major metabolite, followed by 3- and 9-hydroxy-1,8cineole. The remaining three metabolites included trace amounts of 7-hydroxy1,8-cineole, 9-cineolic acid and one unknown hydroxycineole metabolite. In microsomes from the control rats (no treatment), 3-hydroxy-1,8-cineole was the primary
metabolite, followed by 2- and 9-hydroxycineole. 2-Hydroxy-1,8-cineole was
the major metabolite identified in pooled microsomes from human liver,
while 9-hydroxy-1,8-cineole was the minor metabolite. The authors concluded
that hydroxylation of the alicyclic ring positions rather than oxidation of methyl
substituents is the preferred metabolic route in rats and humans (Pass et al.,
2001).
The metabolism of eucalyptol and 1,4-cineole (No. 1233) was studied in rat
and human liver microsomes and in recombinant CYP450 enzymes expressed in
insect cells, in which human CYP450 and NADPH-P450 reductase cDNAs had
been introduced. Insect cells that expressed recombinant human CYP450
enzymes oxidized 1,4-cineole to 2-exo-hydroxy-1,8-cineole; recombinant CYP3A4
showed the greatest activity, followed by 2B6 and 2A6 (Miyazawa et al., 2001a).
Eucalyptol and 1,4-cineole were oxidized at high rates to 2-exo-hydroxy-1,8cineole (see Figure 1) and 2-exo-hydroxy-1,4-cineole3, respectively, by the
enzymes in the CYP3A family, specifically, CYP3A4 in both rat and human liver
microsomes (Miyazawa et al., 2001a, b; Miyazawa & Shindo, 2001). Earlier studies
indicate that members of the CYP3A and 2B family of isoenzymes are also induced
by eucalyptol. In a study in which hepatic microsomes were prepared from male
Sprague-Dawley rats that had been intraperitoneally injected with eucalyptol at a

OH
O

3

2-Exo-Hydroxy-1,4-cineole.
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Figure 1. Metabolism of eucalyptol in rats and humans
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dose of 300 mg/bw kg once a day for five days, and then killed, assays for metabolic activities and expression of individual forms of CYP450 (1A1, 2A2, 2B1, 2C11,
2E11, 3A2 and 4A2) showed that eucalyptol induces CYP450 isoenzymes 2B1
and 3A2 (Hiroi et al., 1995).
In a study to investigate the inhibitory effects of eucalyptol on the activities
of CYP1A1, 1A2 and 2B1, female Wistar rats were treated with either bnapthoflavone at a dose of 80 mg/kg bw per day by intraperitoneal injection for 4
consecutive days, or with drinking-water containing 0.1% (w/v) sodium phenobarbital for 4 days plus a single injection of sodium phenobarbital of 40 mg/kg bw on
day 5. In microsomes from rats treated with b-napthoflavone, eucalyptol caused
50% inhibition of the activity of methoxyresorufin-O-demethylase (a selective
marker for CYP1A2) at concentrations of >300 mmol/l (the IC50), but had no
inhibitory effect on the activity of ethoxyresorufin-O-deethylase (a selective marker
for CYP1A1) at concentrations of £150 mmol/l. In microsomes from rats treated with
phenobarbital, eucalyptol inhibited the activity of pentoxyresorufin-O-depenylase
(a selective marker for CYP2B1) with an IC50 of 4.7 mmol/l. The authors concluded
that eucalyptol is a selective inhibitor of CYP2B1, a very weak inhibitor of CYP1A2,
and has no inhibitory effect on CYP1A1 (De-Oliveira et al., 1999).
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In rabbits, 1,4-cineole is metabolized by ring- and side-chain hydroxylation.
Urinary metabolites collected over 3 days after administration of 10 000 mg of
1,4-cineole included the ring hydroxylation product 3,8-dihydroxy-1,4-cineole, the
side-chain hydroxylation product 9-hydroxy-1,4-cineole and its corresponding carboxylic acid, 1,4-cineole-9-carboxylic acid. Other metabolites included 8,9dihydroxy-1,4-cineole and 1,4-cineole-8-en-9-ol. No evidence of ether cleavage
was observed at this dose (Asakawa et al., 1988).
(ii)

Aromatic ethers (Nos 1241–1259)

The aromatic ethers in this group are metabolized by ring hydroxylation, cleavage of the methyl ether (O-demethylation), and/or oxidation of the ring substituents.
Several studies have demonstrated that anisole (No. 1241) principally
undergoes CYP450-induced ring-hydroxylation preferentially at the para position,
with O-demethylation and ortho- hydroxylation as the minor pathways (Daly &
Jerina, 1969; Daly, 1970; Takahara et al., 1986; Ohi et al., 1992). After a 15-min
incubation in vitro with liver microsomes obtained from rats treated with 3methylcholanthrene, [2–2H]anisole (25–50 mmol) underwent ortho- and parahydroxylation to form 2- and 4-hydroxyanisole, respectively (Daly & Jerina, 1969).
In a similar study, anisole (50 mmol) was incubated for 15 min with liver
homogenates from rats treated with 3-methylcholanthrene. The resulting metabolites included p-hydroxyanisole (4 mmol), o-hydroxyanisole (0.8 mmol) and phenol
(0.2 mmol). Thus, in liver microsomes in vitro, the major metabolic pathway for
anisole is p-hydroxylation, while O-demethylation and o-hydroxylation are minor
pathways (Daly, 1970).
The effect of concentration of oxygen on the metabolism of anisole was investigated in a later study in which microsomes from the liver of rats treated with phenobarbital were incubated with anisole (2 mmol/l) for 1 h at different concentrations
of oxygen (24, 34, 54, 74, 113 or 223 mmol/l). Metabolites identified at all concentrations of oxygen were the O-demethylated product, phenol, and the aromatic
hydroxylated products, p-hydroxyanisole and o-hydroxyanisole. The formation
rates and composition of these metabolites were dependent on concentration of
oxygen, as the amount of O-demethylated product decreased at concentrations
of oxygen of <60 mmol/l (typical pressure of oxygen in the liver was 35 mmol/l)
(Takahara et al., 1986). In a second study using the same protocol, more phydroxyanisole than phenol and o-hydroxyanisole was formed at all oxygen concentrations (Ohi et al., 1992).
Experiments with anisole in vivo confirm that ring-hydroxylation predominates
over O-demethylation. Analysis of urine collected from rabbits 24 h after treatment
by gavage with anisole at a dose of 0.5 g/kg bw revealed that 2% of the excreted
anisole was unconjugated, 48% was conjugated with glucuronic acid, and 29%
was conjugated with sulfate. The metabolites of anisole are p-methoxyphenol
(major) and o-methoxyphenol (minor). No evidence of ether cleavage was detected in either anisole or diphenyl ether (Bray et al., 1953). Incubation of anisole
(2 mmol) with rabbit liver microsomes for 1 h resulted in ether cleavage to phenol
and formaldehyde at a relative enzymatic dealkylation rate of 6% from
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p-ethoxyacetanilide to p-acetamidophenol. The results of this study demonstrate
that anisole undergoes limited ether cleavage in the rabbit (Axelrod, 1956).
ortho-Substituted anisoles (e.g. o-methylanisole, No. 1242) are metabolized in
the same way as anisole, mainly by hydroxylation at the para- position, but with
less O-demethylation. As expected, alkyl substituents at the para- position, (e.g.
p-methylanisole) block para-hydroxylation, leading to an increase in O-demethylation and hydroxylation at the meta-position. Incubation of rat liver homogenate
with o-methylanisole (50 mmol/l) for 15 min yields the ring-hydroxylation products
4-hydroxy-2-methylanisole (major product) and 6-hydroxy-2-methylanisole (minor
product), and to a lesser extent, the O-demethylation product, o-cresol (trace
amounts). Incubation with p-methylanisole (50 mmol/l) yields the O-demethylation
product p-cresol (major product) and to a lesser extent, the ring hydroxylation products, 2-hydroxy-4-methylanisole (minor product) and 3-hydroxy-4-methylanisole
(minor product) (Daly, 1970).
In rabbits treated by gavage, p-methylanisole (No. 1243; 700 mg) undergoes
mainly methyl group oxidation to yield anisic acid (p-methoxybenzoic acid), which
is excreted as the glucuronic acid conjugate in the urine. A smaller amount (27%)
of p-methylanisole is demethylated and excreted in the urine as the sulfate or
glucuronic acid conjugate of p-cresol. In humans and dogs, anisic acid (pmethoxybenzoic acid) is excreted as conjugates of glucuronic acid and glycine
(Bray et al., 1955).
[14C]p-Propylanisole (No. 1244) labelled at the methoxy position is mostly
metabolized via O-demethylation, a- and w-1 oxidation of the side-chain, and sidechain degradation (see Figure 2). In a study in groups of female Wistar albino rats
given [14C]p-propylanisole by oral intubation and in male CD-1 mice given [14C]ppropylanisole intraperitoneally at a dose of 0.05, 0.5, 5, 50, 500 or 1500 mg/kg bw
for both species, at the lowest dose, more radiolabel was excreted as 14CO2 in
expired air (81.6% and 74.5 % in rats and mice, respectively) than in urine (8.0%
and 15.0% in rats and mice, respectively) within 72 h. As the dose increased,
a metabolic shift to a and w-1 hydroxylation occurred, yielding greater amounts
of the glucuronic acid urinary conjugates of 1- and 2-hydroxy-p-propyl anisole
and the side-chain degradation product, p-methoxybenzoic acid conjugated with
glycine (Sangster et al., 1983). Plausible metabolic routes for p-propylanisole (No.
1244) in rats and mice, on the basis of the results of this study and of other available studies in the literature with structurally related substances such as transanethole (p-propenylanisole) and estragole, are presented in Figure 2.
At low doses, the O-demethylation pathway for the metabolism of ppropylanisole predominates in humans as well. In a study in humans, two male
volunteers were fed a gelatine capsule containing 100 mg of [14C]p-propylanisole
(equivalent to a dose of 1.5 mg/kg bw). Most (42.7%) of the radiolabel was excreted
as exhaled 14CO2 within 48 h, demonstrating that O-demethylation was the principal metabolic pathway for p-propylanisole. Other identified metabolic products
included those derived from side-chain oxidation (e.g. the glucuronic acid conjugates of 1- and 2-hydroxy-p-propylanisoles and 1,2-dihydroxy-p-propylanisoles)
and side-chain oxidative degradation (4-methyoxybenzoic acid) (Sangster et al.,
1987).
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Figure 2. Metabolism of p-propylanisole in rats and mice
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p-Dimethoxybenzene (No. 1250), administered at a dose of 700 mg/kg bw by
gavage in rabbits, undergoes extensive O-demethylation to p-methoxyphenol
(34%), followed by excretion as a glucuronic acid or sulfate conjugate. Trace
amounts of hydroquinone were reported. O-Demethylation of p-dimethoxybenzene
was also reported to occur in rabbit liver slices in vitro (Bray et al., 1955).
Ring-labelled [14C]diphenyl ether (No. 1255), administered at a dose of
10 mg/kg bw by gavage in male Sprague-Dawley rats, was extensively metabolized to its mono-, di-, and trihydroxylated derivatives. The metabolites were
2-hydroxy-, 4-hydroxy-, 4,4¢-dihydroxy-, 4-methoxy-mono-hydroxy- and 4methoxy-dihydroxy-diphenyl ether (Law et al., 1983; Law & Chakrabarti, 1983).
Incubation of labelled diphenyl ether with rat liver microsomes demonstrated that
the hepatic mixed function oxidase system mediates rapid hydroxylation of the
diphenyl ether (Vmax = 23.3 pmol/mg microsomal protein per min; Kmax = 1.33 · 104
mol) (Law & Chakrabarti, 1983).
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Analysis of urine collected 24 h after administration of diphenyl ether (No. 1255)
at a dose of 500 mg/kg bw by gavage in rabbits revealed that 15% of the administered dose was excreted as unconjugated phenolic metabolites of diphenyl ether;
63% was conjugated with glucuronic acid, and 12% was conjugated with sulfate.
The principal initial metabolite of diphenyl ether was p-hydroxyphenyl phenyl ether;
a minor metabolite, presumed to be di-(p-hydroxyphenyl) ether, was also reported.
The hydroxylated products of diphenyl ether were unconjugated (15%), conjugated
with glucuronic acid (63%) or conjugated with sulfate (12%). No evidence of ether
cleavage was reported (Bray et al., 1953).
The metabolites of diphenyl ether, 2-hydroxy-, 4-hydroxy-, 4,4¢-dihydroxy-, 4methoxy-mono-hydroxy- and 4-methoxy-dihydroxy-diphenyl ether, but not the
parent ether, were found in the urine of guinea-pigs treated with diphenyl ether at
a dose of 28 mg/kg bw by intraperitoneal injection. The authors also noted the presence of free and conjugated diphenyl ether metabolites in the urine of guinea-pigs
(Poon et al., 1986).
b-Naphthyl methyl ether (No. 1257) was excreted as a glucuronic acid conjugate in which the methyl ether linkage was identified intact. The exact position of
the glucuronic acid residue on the naphthyl moiety was not identified (Williams,
1959a).
In conclusion, the straight-chain aliphatic ethers, sec-butyl ethyl ether (No.
1231) and 1-ethoxy-3-methyl-2-butene (No. 1232) may undergo O-dealkylation in
vivo to yield the corresponding alcohol and aldehyde that subsequently undergo
complete oxidation in the fatty acid pathway and tricarboxylic acid cycle. Alicyclic
ethers principally undergo ring-hydroxylation by CYP450, conjugation with glucuronic acid and then excretion in the urine. The aromatic ethers may undergo
ring-hydroxylation, O-demethylation or side-chain oxidation, depending upon the
position of the substituents, followed by conjugation with glucuronic acid, sulfate
or glycine. The data demonstrate that the substances in this group are rapidly
absorbed, distributed, metabolized and excreted.
2.2.2

Toxicological studies
(a)

Acute toxicity

Oral LD50 values have been reported for 17 of the 29 substances in this
group and are summarized in Table 4. In rats, LD50 values range from 1680 mg/kg
bw for eucalyptol (No. 1234) to >5000 mg/kg bw for nerol oxide (No. 1235), diphenyl
ether (No. 1255), b-naphthyl methyl ether (No. 1257), and b-naphthyl isobutyl
ether (No. 1259), demonstrating that the acute oral toxicity of these aliphatic and
aromatic ethers is extremely low (Brownlee, 1940; Pecchiani & Saffiotti, 1957;
Jenner et al., 1964; Taylor et al., 1964; Bär & Greipentog, 1967; Hart & Wong,
1971; Weir & Wong, 1971a, b; Moreno, 1973, 1977, 1978, 1980, 1981; Levenstein, 1974; Wohl, 1974; Clark et al., 1979; Sauer-Freeman, 1980; Birch, 1992;
Gillman, 1997).
In mice, LD50 values range from 825 mg/kg for b-naphthyl methyl ether up
to 8000 mg/kg bw for 1-ethoxy-3-methyl-2-butene (No. 1232), 2,2,6-trimethyl-6-

Flavouring agent

1-Ethoxy-3-methyl-2-butene

1,4-Cineole
Eucalyptol
Eucalyptol
Eucalyptol
Nerol oxide
2,2,6-Trimethyl-6-vinyltetrahydropyran

2,2,6-Trimethyl-6-vinyltetrahydropyran
Anisole
Anisole
Anisole
p-Methylanisole
p-Propylanisole
p-Propylanisole
p-Propylanisole
p-Propylanisole
2,4-Dimethylanisole
m-Dimethoxybenzene
m-Dimethoxybenzene
p-Dimethoxybenzene
Methyl phenethyl ether
Diphenyl ether
Diphenyl ether

No.

1232

1233
1234
1234
1234
1235
1236

1236
1241
1241
1241
1243
1244
1244
1244
1244
1245
1249
1249
1250
1254
1255
1255

NR
M, F
M, F
M, F
NR
M, F
M
F
M, F
M, F
M, F
M, F
M, F
M, F
M, F
NR
M, F
M, F
M, F
M, F
M, F
M, F
M, F
F

M

Sex

24 h: 1000–8000
14 days: 1000–4000
3100
2480
2480
1680
>5000
2700
2800
2750
4000–8000
3700
3700
3700
1920
4400
4400
7300
4400
>2000
2500
2560
3600
4100
3370
3990a, 5660b

LD50
(mg/kg bw)

23:14

Roure (1979)
Taylor et al. (1964)
Bär & Greipentrog (1967)
Jenner et al. (1964)
Hart & Wong (1971)
Taylor et al. (1964)
Jenner et al. (1964)
Jenner et al. (1964)
Bär & Greipentrog (1967)
Gilman (1997)
Moreno (1978)
Bär & Greipentrog (1967)
Moreno (1973)
Moreno (1977)
Weir & Wong (1971a)
Pecchiai & Saffiotti (1957)

Moreno (1981)
Bär & Greipentrog (1967)
Jenner et al. (1964)
Brownlee (1940)
Moreno (1980)
Sauer-Freeman (1980)

Bahler & Bonetti (1973)

Reference

24/11/04

Mouse
Rat
Rat
Rat
Rat
Rat
Rat
Mouse
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat

Rat
Rat
Rat
Rat
Rat
Rat

Mouse

Species

Table 4. Studies of the acute oral toxicity of aliphatic and aromatic ethers
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Diphenyl ether
Diphenyl ether
Dibenzyl ether
b-Naphthyl methyl ether
b-Naphthyl methyl ether
b-Naphthyl ethyl ether
b-Naphthyl ethyl ether
b-Naphthyl isobutyl ether
b-Naphthyl isobutyl ether
b-Naphthyl isobutyl ether

1255
1255
1256
1257
1257
1258
1258
1259
1259
1259

Rat
Rat
Rat
Rat
Mouse
Rat
Mouse
Rat
Rat
Rat

Species

F
M,
M,
M,
M,
M,
M,
M,
M,
M,
F
F
F
F
F
F
F
F
F

Sex

Reference

Clark et al. (1979)
Birch (1992)
Wohl (1974)
Levenstein (1974)
Schafer & Bowles (1985)
Weir & Wong (1971b)
Schafer & Bowles (1985)
Jenner et al. (1964)
Moreno (1978)
Bär & Greipentrog (1967)

LD50
(mg/kg bw)
4100c
2450
2500
>5000
825
3110
1213
5930
>5000
5930

24/11/04
23:14

360

M, male; F, female, NR, not reported
a
LD50 for diphenyl ether only
b
LD50 for a mixture containing 73.6% diphenyl ether and 26.4% diphenyl
c
LD50 for a mixture containing 72% diphenyl ether and 26% diphenyl

Flavouring agent

No.

Table 4. (contd)
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vinyltetrahydropyran (No. 1236), and b-naphthyl ethyl ether (No. 1258), confirming the low toxicity of aliphatic and aromatic ethers (Jenner et al., 1964; Bahler &
Bonetti, 1973; Roure Inc., 1979; Schafer & Bowles, 1985).
(b)

Short-term studies of toxicity

Short-term studies of toxicity and long-term studies of toxicity and carcinogenicity have been reported for 12 agents in the group. The results of studies with
eucalyptol (No. 1234), tetrahydro-4-methyl-2-(2-methylpropen-1-yl)pyran (No.
1237), cycloionone (No. 1239), p-methylanisole (No. 1243), p-propylanisole (No.
1244), carvacryl ethyl ether (No. 1247), 1,2-dimethoxybenzene (No. 1248), mdimethoxybenzene (No. 1249), diphenyl ether (No. 1255), dibenzyl ether (No.
1256), b-naphthyl ethyl ether (No. 1258) are described below and summarized in
Table 5.
(i)

Eucalyptol (No. 1234)

Rats
Groups of six male and six female Fischer 344 rats were given eucalyptol either
by gavage or in the diet, in encapsulated form, for 28 days. Encapsulated eucalyptol was administered at a concentration of 3750, 7500, 15 000, or 30 000 ppm,
equivalent to approximately 187.5, 375, 750, or 1500 mg/kg bw per day, respectively (Food & Drug Administration, 1993). In rats treated by gavage, eucalyptol
was administered at a dose of 150, 300, 600, or 1200 mg/kg bw per day. Control
groups received the vehicle or diet alone, or no treatment by gavage. Body-weight
gain was decreased among male rats fed eucalyptol at the three highest doses
in the diet (375, 750, and 1500 mg/kg bw per day), but these decreases were not
statistically significant compared with values for controls. A statistically significant
decrease in body-weight gain was reported in males given eucalyptol by gavage
at the two highest doses (600 and 1200 mg/kg bw per day). No changes in bodyweight gain were reported in treated females compared with controls. No statistically significant differences in food or water consumption were detected among
males and females treated with eucalyptol either by gavage or in the diet, compared with controls. No changes in absolute or relative weights of the liver, right
kidney, heart, brain, thymus, lungs, or right testicle (males) were reported in any
treated animals compared with the untreated or vehicle controls.
Histopathological examination revealed evidence of centrilobular cytoplasmic
vacuolization and centrilobular fatty tissue changes at all doses in males receiving diets containing eucalyptol, but these effects were not dose-related. These
types of cytoplasmic alterations are typical of adaptive metabolic changes in the
liver resulting from continuous exposure to high doses of test substances; these
changes are reversible in nature. Other changes observed mainly at the two higher
doses in males included cytoplasmic alterations of the kidney tubular epithelium
and parotid salivary gland. However, there was no evidence of these types of alterations or any other alterations in females at any dose.
In rats treated by gavage, there was similar evidence of histopathology of the
liver in males at 600 and 1200 mg/kg bw per day (3/6 and 6/6 animals, respec-

Flavouring agent

Eucalyptol

Eucalyptol

Eucalyptol

Eucalyptol

Tetrahydro-4-methyl-2-(2methylpropen-1-yl)pyran
Cycloionone

Cycloionone
p-Methylanisole

p-Propylanisole
p-Propylanisole

Carvacryl ethyl ether

1,2-Dimethoxybenzene
m-Dimethoxybenzene

m-Dimethoxybenzene

p-Dimethoxybenzene

1234

1234

1234

1234

1237

1239

1239
1243

1244
1244

1247

1248
1249

1249

1250

Short-term studies of toxicity

No.

Rat; M, F

Rat; M, F

Rat; M, F
Rat; M, F

Rat; M, F

Rat; M
Rat; M, F

Rat; M, F
Rat; M, F

Rat; M, F

Rat; M, F

1/5 or 10

NR

1/10
1/30

1/10

1/20
3/20

4/10
3/20

1/10

1/20–32

4/12

4/12

28

Diet

Gavage

Diet
Diet

Diet

Gavage
Diet

Gavage
Gavage

Diet

28 or 56

84

14
90

32
133 (19
weeks)
14

28
28

14

90

28

Dietd
Diet

28

Gavage

Diet

28

d

Duration
(days)

Gavage

Route

1000c

<22 (M)
22c (F)
10c
9.6c (M)
11.2c (F)
10c

NE
<100

562.5 (M)
1125 (F)
2.514c (M)
2.805c (F)
36.6c (M)
33.7c (F)
120
40

300 (M)
1200c (F)
NE (M)
1500c (F)
1200c

NOEL (mg/kg bw
per day)

Bär & Greipentrog
(1967)
Altmann et al. (1985)

Gill & Van Miller
(1987)
Trimmer et al. (1992)
Oser et al. (1965)

Wnorowski (1998)
Brunsborg et al.
(1994)
Hagan et al. (1967)
Hagan et al. (1967)

National Toxicology
Program (1987a)
National Toxicology
Program (1987a)
National Toxicology
Program (1987b)
National Toxicology
Program (1987b)
Posternak et al.
(1969)
Wnorowski (1997)

Reference

23:14

Mice; M, F

Mice; M, F

4/12

4/12

No. of test groupsa/ no.
per groupb

24/11/04

Rat; M, F

Rat; M, F

Species; sex

Table 5. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity with aliphatic and aromatic
ethers
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Diphenyl ether
Dibenzyl ether
Dibenzyl ether

b-Naphthyl ethyl ether

b-Naphthyl ethyl ether

1255
1256
1256

1258

1258

Rat; NR

Rat; M, F

Rat; M, F
Rat; M, F
Rat; M, F

Species; sex

m-Dimethoxybenzene

Diphenyl ether

1249

1255

Rat; M

Rat; M, F

Mice; M

2/8

2/20 or 40

2/52

Diet

Diet

Gavagee
560
(80 weeks)
730
(2 years)
390 (13
months)

84

90

91
90
91

Duration
(days)

Johnson et al. (1992)
Oser (1964)
Burdock & Ford
(1992)
Oser et al. (1965)

250c
3.33c
620c (M)
196 (F)
5.1c (M)
5.7c (F)
5.0c

Bär & Greipentrog
(1967)
Pecchiai & Saffiotti
(1957)

250c
530c

Roe et al. (1979)

32c

Bär & Greipentrog
(1967)

Reference

NOEL (mg/kg bw
per day)

M, male; F, female; NR, not reported; NE, not established
a
Total number of test groups does not include control animals
b
Total number per test group includes both male and female animals
c
Study performed with either a single dose or multiple doses that had produced no effect. The value is therefore not a true NOEL, but is the highest
dose tested that produced no adverse effects. The actual NOEL may be higher
d
Eucalyptol microencapsulated in the feed
e
Eucalyptol in a mixture also containing chloroform and peppermint oil

Eucalyptol

Gavage

Diet

Diet
Diet
Diet

Route

23:14

1234

NR

1/30

3/40
1/30
3/20–32

No. of test groupsa/ no.
per groupb

24/11/04

Long-term studies of toxicity and carcinogenicity

Flavouring agent

No.

Table 5. (contd)
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tively). As for animals given diets containing eucalyptol, there was no evidence of
histopathology in female rats at any dose. The authors concluded that female rats
appeared to be more resistant to the effects of the test substance than males
(National Toxicology Program, 1987a).
Mice
In another study conducted by the National Toxicology Program, groups of six
male and six female B6C3F1 hybrid mice were given eucalyptol either in encapsulated form in the diet or by gavage, for 28 days. Encapsulated eucalyptol
was provided at a concentration of 3750, 7500, 15 000, or 30 000 ppm in the diet
(equivalent to approximately 562.5, 1125, 2250 or 4500 mg/kg bw per day, respectively (Food & Drug Administration, 1993). In mice treated by gavage, eucalyptol
was given at a dose of 150, 300, 600, or 1200 mg/kg bw per day. Control groups
received the vehicle or diet alone, or no treatment by gavage. There were no statistically significant dose-related differences in body weight, absolute organ weight,
and food or water consumption between any of the treated animals and the controls. The brain weight : body weight ratios of female mice at the highest dose (4500
mg/kg bw per day) of encapsulated eucalyptol was significantly higher than those
of controls and of all other treated groups. The liver weight:body weight ratios of
male mice at the three higher doses (1125, 2250 and 4500 mg/kg bw per day) of
encapsulated eucalyptol were significantly higher than those of controls and
of animals at the lowest dose (562.5 mg/kg bw per day).
There was no significant dose-related histopathology reported in any of the
treated mice. A minimal, but dose-related, hypertrophy of the centrilobular hepatocytes was reported in males receiving encapsulated eucalyptol at the three
higher doses (control, 0/6; 562.5 mg/kg bw per day, 0/6; 1125 mg/kg bw per day,
1/6; 2250 mg/kg bw per day, 5/6; 4500 mg/kg bw per day, 6/6) and in females at the
two higher doses (control, 0/6; 562.5 mg/kg bw per day, 1/6; 1125 mg/kg bw per day,
0/6; 2250 mg/kg bw per day, 4/6; 4500 mg/kg bw per day, 6/6), which the authors
attributed to continuous exposure of the tissues to eucalyptol over a 24 h period,
as compared with the mice treated by gavage, that were exposed to bolus doses.
Oesophageal and stomach lesions were reported in mice treated by gavage; these
lesions were attributed by the authors to possible gouging by the gavage needles.
The authors concluded that, compared with Fischer 344 rats, B6C3F1 hybrid mice
are less susceptible to the effects of eucalyptol, regardless of whether it is administered by gavage or encapsulated and mixed in the diet (National Toxicology
Program, 1987b).
(ii)

Tetrahydro-4-methyl-2-(2-methylpropen-1-yl)pyran
(No. 1237)

In a 90-day study, groups of 10–16 male and 10–16 female Charles River rats
were given basal diets containing tetrahydro-4-methyl-2-(methylpropen-1-yl)pyran
at a concentration calculated to provide average daily intakes of 2.514 and
2.805 mg/kg bw per day for male and female rats, respectively. Animals were
housed in pairs of the same sex and given food and water ad libitum. After 90 days
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of treatment, all the animals were killed, subjected to detailed necropsy, and liver
and kidneys were excised for weighing. A wide range of tissues and organs from
each animal were preserved and histopathological examinations were performed
on major organs and tissues (i.e. kidney, liver, heart, and lung). Weekly measurements of body weight and food intake showed no significant differences between
treated and control animals. Measurement of haematological (haemoglobin, erythrocyte volume fraction, erythrocyte count, and total and differential leukocyte
counts) and clinical chemistry (blood urea) parameters at weeks 7 and 13 revealed
no significant difference between treated and control rats. The authors concluded
that tetrahydro-4-methyl-2-(methylpropen-1-yl)pyran had no effects in rats at the
concentrations given (Posternak et al., 1969).
(iii)

Cycloionone (No. 1239)

Groups of five male and five female Sprague-Dawley rats were given diets containing cycloionone at a concentration of 0 or 420 ppm for 14 days. On the basis
of weekly measurement of body weight and food consumption, the average daily
intake was calculated to be 36.6 and 33.7 mg/kg bw for males and females, respectively. Animals were observed daily for gross signs of toxicity. Body weight and
food consumption were measured on days 8 and 15. On day 15, gross necropsies were performed on all animals and the kidneys and liver of each animal were
removed, weighed, and prepared for histological evaluation. All animals in the
study survived and appeared healthy. Measurement of body-weight gain, food
consumption, and absolute and relative liver and kidney weights revealed no
significant differences between test and control animals. Gross necropsy and
histopathological examination of kidney and liver tissues revealed no evidence of
lesions related to administration of the test material (Wnorowski, 1997).
In a follow-up 28-day study, five male and five female Sprague-Dawley rats
were given cycloionone at a concentration of 0, 30, 120, 400 or 1000 mg/kg bw per
day by gavage. Parameters evaluated included body weight, food consumption,
mortality, standard clinical chemistry and haematology analyses, and gross
necropsy. Histopathological examinations of a variety of organs were performed
on the controls and the animals at the highest dose (1000 mg/kg bw per day).
Further histopathological examinations of animals at lower doses were conducted
in order to identify a NOEL.
The authors reported no gross signs of toxicity, abnormal behaviour, or mortality. Food consumption and measurements of haematological parameters
were not significantly different between treated and control animals. A significant
decrease in body weight was reported for the female rats at the highest dose during
the last week of the study, but over the entire treatment period rats in all groups
gained weight. No significant differences in body-weight gain were reported
between the treated and control groups during the course of the study. At necropsy,
the liver of one female at the highest dose appeared haemorrhagic (one lobe).
Compared with controls, relative liver weights were significantly increased in male
and female rats at 400 and 100 mg/kg bw per day, as well as the relative kidney
weights of male rats at the highest dose. Statistically significant differences in
clinical chemistry parameters were reported between treated and control rats. The
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serum concentrations of total protein were significantly increased in males at the
two higher doses (400 and 1000 mg/kg bw per day). Concentrations of globulin
were also significantly increased in males and females at the highest dose
(1000 mg/kg bw per day; p £ 0.01). Concentrations of globulin were also significantly increased in females at 120 mg/kg bw per day (p £ 0.05), but were not
increased in females at 400 mg/kg bw per day compared with controls; consequently, the increase was not considered by the study authors to be related to
treatment. Gamma-glutamyl transpeptidase activities were significantly increased
in female rats at the highest dose (1000 mg/kg bw per day; p £ 0.01). There was
a significant decrease in the activities of alkaline phosphatase reported in females
at the highest dose (p £ 0.05) and in males at the two higher doses (400 and 1000
mg/kg bw per day; p £ 0.05 and p £ 0.01, respectively). Concentrations of glucose
were significantly (p £ 0.01) decreased and concentrations of albumin were significantly (p £ 0.05) increased in the males at the highest dose. Concentrations
of urea nitrogen were significantly decreased in females at the highest dose
(p £ 0.01).
Histopathological findings included thyroid follicular-cell hyperplasia in male
and female rats at 400 and 1000 mg/kg bw per day, testes seminiferous tubule
degeneration in males at 1000 mg/kg bw per day and in one male at 400 mg/kg bw
per day, kidney hyaline droplets in tubular epithelial cells in male and female rats
at 400 and 1000 mg/kg bw per day, and subtle liver cytoplasmic vacuolization
and cytomegaly in males at 400 and 1000 mg/kg bw per day and in females at
1000 mg/kg bw per day. The authors reported that the NOEL for cycloionone was
120 mg/kg bw per day for male and female rats treated by gavage for 28 days
(Wnorowski, 1998).
(iv)

p-Methylanisole (No. 1243)

In a 28-day study, groups of 10 male and 10 female Wistar rats were given pmethylanisole at a dose of 0, 40, 120, or 240 mg/kg bw per day by gavage in
soybean oil. The rats were examined twice daily, and body weight and food and
water intakes were measured weekly during the study period. Blood samples were
obtained from all of the rats after week 3 for evaluation of haematological and clinical chemistry parameters. The rats were killed after 28 days and subjected to a
full gross necropsy. Histopathological examinations of the whole organs and
tissues of animals receiving the highest dose (240 mg/kg bw per day) and control
animals were performed. There were no deaths during the study period, nor were
any clinical signs of illness reported. No significant differences in food and water
consumption, body-weight gain, or relative organ weights were observed between
treated and control groups. Statistically significant decreases in serum creatinine
and urea levels were reported in both male and female rats at the intermediate
(120 mg/kg bw per day) and highest doses. It was also reported that the male rats
in these two groups experienced alterations in water balance, as suggested by a
decreased erythrocyte volume fraction relative to that in controls. The authors considered this result to be ambiguous, since concentrations of urinary creatinine were
not abnormal. Additionally, no lesions of the kidneys were noted microscopically
and no significant differences in absolute or relative kidney weights were reported
between treated rats and controls. Concentrations of haemoglobin were decreased
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at the intermediate and highest doses; however, according to the authors, this
result was not biologically significant. At necropsy, histological examinations
revealed no dose-related lesions of any organs. The NOEL for p-methylanisole
administered by gavage was 40 mg/kg bw per day in male and female rats
(Brunsborg et al., 1994).
(v)

p-Propylanisole (No. 1244)

For 32 days, groups of 20 male Osborne-Mendel weanling rats were given corn
oil containing p-propylanisole at a dose of 0 or 2000 mg/kg bw per day, which was
gradually raised to 5000 mg/kg bw per day. Sixteen animals survived long enough
to receive the maximum dose of 5000 mg/kg bw per day, while a total of seven
animals survived until the end of the study (day 32). Gross pathology of treated
rats revealed flaky white material and minute ulcers on the mucosa of the forestomach, while histopathological examination revealed a moderately severe hyperkeratosis of the stratified squamous epithelium in the forestomach. Both of these
effects were most likely attributable to the administration of the test material by
gavage. Moderate osteoporosis was also reported in treated rats (Hagan et al.,
1967).
In a follow-up study, groups of 10 male and 10 female weanling OsborneMendel rats were fed p-propylanisole at a concentration of 0, 1000, 2500 or
10 000 ppm in the diet for 19 weeks (Hagan et al., 1967), calculated to provide
average daily intakes of 0, 100, 250 or 1000 mg/kg bw, respectively (Food & Drug
Administration, 1993). Measurement of the concentration of p-propylanisole in the
diet revealed a 16% loss over a 1-week period. Weekly measurements of body
weight and food consumption revealed no significant differences between treated
and control groups. Haematological examinations performed at termination of the
study showed no treatment-related effects in any of the treated animals. No effects
on organ weights were reported and gross and histopathological examination of
the rats failed to reveal any lesions that could be associated with administration
of p-propylanisole. Slight to very slight osteoporosis was observed in rats at all
three doses of p-propylanisole (100 mg/kg bw per day, 4/10; 250 mg/kg bw per day,
6/10; 1000 mg/kg bw per day, 6/10), as well as in control animals (1/10); however,
the statistical significance of these observations was not reported. No other effects
were reported and additional detail on this study is not available. However, in two
long-term studies with the related flavouring agent p-propenylanisole4 (transanethole) in rats (Vavasour, 1999), previously reviewed by the Committee (Annex
1, reference 138), no evidence of osteoporosis was reported at any dose.
(vi)

Carvacryl ethyl ether (No. 1247)

Groups of five female and five male Sprague-Dawley Fischer 344 rats were
given diets containing carvacryl ethyl ether at a dose of 0 or 22 mg/kg bw per day

O
4

p-Propenylanisole.
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for 14 days. Animals were observed for mortality and clinical signs of toxicity at 1,
4, and 24 h after administration, and daily thereafter for 14 days. Body weights
were measured before the initiation of the study and on days 6 and 14. Food consumption was measured on days 7 and 14. All rats were killed after 14 days and
subjected to a complete necropsy, including histological examination of the livers
and kidneys. There was no mortality or clinical signs of toxicity reported throughout the course of the study. Measurement of body weights 1 day before treatment
and on days 6 and 14 of the study revealed a significant decrease in body-weight
gain in males after 6 and 14 days of treatment, compared with that in the control
group. Food consumption in males was reduced during the first 7 days of the study,
possibly due to reduced palatability of the diet. No significant difference in absolute
body weight was reported between treated and control rats. A statistically significant (p < 0.01) decrease in absolute liver and kidney weights and liver weight
relative to body weight were reported for males. No biologically significant indications of toxicity were observed for carvacryl ethyl ether on the basis of physical
signs of toxicity, gross necropsy, or histopathological examination of the liver and
kidneys of rats. The decreases in liver and kidney weights in treated male rats
were attributed to abnormally high liver and kidney weights of animals in the control
groups (Gill & Van Miller, 1987).
(vii)

1,2-Dimethoxybenzene (No. 1248)

In a 14-day study of toxicity, groups of five male and five female Charles River
rats were fed diets containing 1,2-dimethoxybenzene at a dose of 0 or 10 mg/kg
bw per day. Observations included body weight, food consumption, and organ
weights. Necropsies and histopathological examinations of the kidneys and livers
were performed on all animals. All animals survived to study termination and no
treatment-related effects on body weight, food consumption, and organ weights
were reported. Dermal abnormalities (i.e. scabs and sores) observed in both
controls and rats treated with 1,2-dimethoxybenzene were not considered to be
treatment-related. Discoloration of the lungs noted in two rats per group was
attributed to the method of asphyxiation used in the study (Trimmer et al., 1992).
(viii) m-Dimethoxybenzene (No. 1249)
Groups of 15 male and 15 female Wistar-derived FDRL rats received diets
containing m-dimethoxybenzene at concentrations providing estimated daily intakes
of 0 or 10 mg/kg bw for 90 days. The actual intakes of m-dimethoxybenzene in male
and female rats were reported to be 9.6 and 11.2 mg/kg bw per day, respectively.
Food and water consumption were similar in the treated and control groups. Evaluations of haematological and blood chemical parameters made for eight rats of
each sex at week 6, and for all rats at week 12, revealed no significant differences
between treated and control groups. At necropsy, measurement of liver and kidney
weights revealed no significant differences between the treated and control groups.
Histological and gross pathological examinations revealed no significant tissue
alterations related to treatment with m-dimethoxybenzene (Oser et al., 1965).

32181 DDI_15.qxd

24/11/04

23:14

Page 369

ALIPHATIC AND AROMATIC ETHERS

369

In a 12-week study, an unspecified number of male and female rats was given
m-dimethoxybenzene at a dose of 10 mg/kg bw per day by gavage; no adverse
effects were reported in any animals (Bär & Griepentrog, 1967).
(ix)

p-Dimethoxybenzene (No. 1250)

The potential effects of p-dimethoxybenzene on the forestomach were examined in groups of 5–10 male and 5–10 female Wistar rats maintained on diets
containing 0 or 2% p-dimethoxybenzene for 4 or 8 weeks. The concentrations of
p-dimethoxybenzene used were calculated to provide an average daily intake of
0 or 1000 mg/kg bw (Food & Drug Administration, 1993). At necropsy, no macroscopically visible lesions of the forestomach were reported in treated rats, nor were
there any treatment-related effects in the glandular stomach and oesophagus
(Altmann et al., 1985).
(x)

Diphenyl ether (No. 1255)

Groups of 20 male and 20 female Sprague-Dawley rats were given diets containing diphenyl ether at a concentration of 0, 200, 1000, or 5000 ppm for 13 weeks.
These concentrations were calculated to provide average daily intakes of diphenyl
ether of 0, 10, 50, or 250 mg/kg bw, respectively (Food & Drug Administration,
1993). The animals were observed daily and body weight and food consumption
were measured weekly. Necropsies were performed on 10 males and 10 females
per group at 13 weeks and on the remaining animals at 4 weeks after cessation
of treatment. Mean body weight, body-weight gain and food consumption were significantly decreased in all rats at the highest dose (250 mg/kg bw per day) and in
females at 50 mg/kg bw per day. The authors attributed these affects to the reduced
palatability of the diet. Evaluations of haematological and serum chemical parameters and urine analysis of treated rats showed that values were within the normal
range. Gross necropsy and histological examinations of a wide range of organs
and tissues did not reveal any pathological changes that could be associated with
treatment with diphenyl ether. The authors concluded that diets containing diphenyl
ether did not induce systemic toxicity at any concentration tested. The NOEL was
>250 mg/kg bw per day in rats (Johnson et al., 1992).
(xi)

Dibenzyl ether (No. 1256)

Groups 15 male and 15 female Wistar-derived FDRL rats were given dibenzyl
ether in the feed at a concentration calculated to provide a daily intake of
3.33 mg/kg bw for a period of 90 days. The rats were observed daily for mortality,
physical appearance, and behaviour. Weekly measurements of body weight and
food intake were made, and the efficiency of food use was calculated after 12
weeks. After week 6, eight rats of each sex per group were randomly selected for
evaluation of haematological and clinical chemistry parameters (i.e. concentration
of haemoglobin, erythrocyte volume fraction, total and differential leukocytes,
glucose and urea nitrogen). After 12 weeks, these parameters were evaluated in
all animals, and complete urine analysis was carried out on pooled samples from
three animals of the same sex. There were no signs of toxicity in any of the rats
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throughout the study. No significant differences were reported between treated and
control rats with regard to parameters of growth, food intake, efficiency of food
use, haematology, clinical chemistry, urine analysis, and absolute and relative
organ weights. Furthermore, gross and histopathological examinations of major
organs and tissues (e.g. liver, kidney, spleen, stomach, adrenals, heart, lungs, and
brain) failed to show any lesions that could be related to treatment with dibenzyl
ether (Oser, 1964).
Groups of male and female Crl : CD(SD)BR albino rats5 were given diets containing dibenzyl ether at concentrations calculated to provide average daily intakes
of 0, 62, 196 or 620 mg/kg bw for 91 consecutive days. Dietary mixtures were
analysed and adjusted weekly. Concentration analyses revealed that dietary mixtures provided the test substance to within 8% of the target value. Daily observations of clinical signs and mortality, and weekly measurements of body weight, food
intake and efficiency of food use showed no significant differences between test
and control groups. Evaluation of haematological and clinical chemistry parameters, and urine analysis performed on all test animals and on half the control
animals at weeks 6 and 12 showed significant decreases (p < 0.05) in erythrocyte
count, haemoglobin, and erythrocyte volume fraction in females at the intermediate (196 mg/kg bw per day) and highest dose (620 mg/kg bw per day) at week 6.
By week 12, statistically significant decreases in erythrocyte count and erythrocyte
volume fraction were reported in females at the intermediate dose, but not at the
highest dose. Treated male rats showed no significant changes in any haematological parameters evaluated during the study. On the basis of these observations,
and in view of the fact that the erythrocyte count and haematological values were
within normal limits for this strain of rat at the testing laboratory, the authors concluded that the haematological changes observed in female rats were transient in
nature and were of no toxicological significance.
At necropsy, there was a statistically significant increase in absolute and relative liver weight (p < 0.05) in females at the highest dose, possibly related to induction of the meabolism of dibenzyl ether. Gross and histopathological examinations
of rats failed to reveal any evidence of toxicity that could be attributed to treatment
with dibenzyl ether (Burdock & Ford, 1992). The NOELs for dibenzyl ether of
196 mg/kg bw per day in females and >620 mg/kg bw per day in males are >10 000
000 and >10 000 times greater than the daily per capita intakes of 0.01 mg/kg bw
per day (International Organization of the Flavour Industry, 1995) and 4 mg/kg bw
per day (Lucas et al., 1999) from the use of dibenzyl ether as a flavouring agent
in Europe and the USA, respectively (see Table 2).
(xii)

b-Naphthyl ethyl ether (No. 1258)

For 90 days, groups of 15 male and 15 female Wistar-derived FDRL rats
received b-naphthyl ethyl ether in the diet at estimated daily intake levels of 0 or

5

Control group, 24 males and 24 females; 62 mg/kg bw per day, 16 males and 16
females; 196 mg/kg bw per day, 12 males and 12 females; and 620 mg/kg bw per day, 10
males and 10 females.
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5 mg/kg bw. The actual dietary intakes of b-naphthyl ethyl ether in male and female
rats were reported to be 5.1 and 5.7 mg/kg bw per day, respectively. Weekly measurements of food and water consumption showed no significant difference between
treated and control groups of rats. Results of haematological and blood chemical
determinations made on eight rats of each sex at week 6, and in all rats at week
12, were reported to be within the range of normal values. At necropsy, liver and
kidney weights were recorded and revealed no significant differences between test
and control groups. Histopathological examinations were performed on the following organs from half of the animals in each group: liver, kidneys, stomach, small
and large intestines, spleen, pancreas, heart, lungs, bone marrow, muscle, brain,
spinal cord, bladder, adrenals, thyroid, pituitary, gonads, salivary glands, and lymph
nodes. Histological and gross pathological examinations revealed no significant
tissue alterations in the rats related to administration of b-naphthyl ethyl ether
(Oser et al., 1965). The NOEL’s of 5.1 and 5.7 mg/kg bw per day for male
and female rats, respectively, are >100 000 times the daily per capita intake of
0.06 mg/kg bw per day (Lucas et al., 1999) from the use of b-naphthyl ethyl ether
as a flavouring agent in the USA.
In a 12-week study, b-naphthyl ethyl ether was given by gavage to an unspecified number of rats at a dose of 5.0 mg/kg bw per day. No effects were reported
that could be attributed to b-naphthyl ethyl ether treatment of the rats (Bär &
Griepentrog, 1967).
(c)

Long-term studies of toxicity and carcinogenicity
(i)

Eucalyptol (No. 1234)

In a study of the possible carcinogenic effects of toothpaste constituents,
including chloroform, eucalyptol, and peppermint oil, eucalyptol was administered
at at dose of 8 or 32 mg/kg bw per day by gavage, 6 days per week for 80 weeks
to groups of 52 male specific pathogen-free CFLP mice. Control groups of 52 mice
were either untreated or received a toothpaste base without chloroform, peppermint, or eucalyptol (vehicle control). Animals were housed four per cage and given
food and water ad libitum. Mice were weighed weekly for the first 6 months and
then every 2 weeks during the last 6 months of the study. Food consumption was
recorded on a cage-by-cage basis. Animals were observed twice daily and those
found dead or in a moribund condition during the study were subjected to gross
examination. At week 80, animals were killed and organ weights for the adrenals,
kidneys, liver, lungs, and spleen were recorded. All macroscopically identified
tumours were examined histopathologically, together with tissues from the liver,
kidneys, lungs, and brain.
No treatment-related changes were reported for the following parameters: food
consumption, body weight, organ weights, and clinical signs of toxicity. Necropsy
and organ weight measurements showed no treatment-related differences
between test and control groups. Histopathological examination revealed no significant differences between test, control, or vehicle control groups in the incidence
or severity of tumours of the liver, lung, kidney, or malignant lymphoma (Roe et
al., 1979).
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The NOEL for eucalyptol was >32 mg/kg bw per day, which is approximately
1000 times the daily per capita intakes of 24 mg/kg bw per day (International
Organization of the Flavour Industry, 1995) and 33 mg/kg bw per day (Lucas et al.,
1999) from the use of eucalyptol as a flavouring agent in Europe and the USA,
respectively.
(ii)

m-Dimethoxybenzene (No. 1249)

Groups of rats (male : female ratio unspecified) received diets containing 0.1%
(20 rats) or 0.5% (40 rats) m-dimethoxybenzene, (equivalent to dietary intakes of
50 mg/kg bw and 250 mg/kg bw, respectively (Food and Drug Administration, 1993))
for up to 2 years. Examination of appearance, behaviour, body weight and histolopathology yielded no significant differences between treated and control
groups. Spontaneous diseases present in some of the animals were equally frequent among the test and control animals (Bär & Griepentrog, 1967).
(iii)

Diphenyl ether (No. 1255)

In a 13-month study, groups of eight male albino rats were given diets
containing either diphenyl ether only at an estimated daily intake of 530 mg/kg bw
(0.5 cm3/kg bw) or as part of a mixture of diphenyl (26.4%) and diphenyl ether
(73.6%) at estimated daily intakes of 137 and 396 mg/kg bw (0.5 cm3/kg bw),
respectively. Histopathological examinations were performed on the liver, kidney,
spleen, heart, lung, thyroid and parathyroid glands, adrenal glands, pancreas, testicles, stomach and intestines. No tumours were observed in the rats treated with
either diphenyl ether alone or as part of the mixture. No control group was used
in this study (Pecchiani & Saffiotti, 1957).
(d)

Genotoxicity

Testing for genotoxicity has been performed with 12 representative substances
in this group. Except for isolated positive results at cytotoxic concentrations
(Galloway et al., 1987; Heck et al., 1989), assays for genotoxicity in vitro gave
negative results. Negative results were also obtained in the assay for micronucleus formation in mice in vivo. The results of these tests are summarized in Table
6 and described below.
In vitro
Negative results were reported in the standard Ames assay when various
strains of Salmonella typhimurium (TA97, TA98, TA100, TA102, TA1532, TA1535,
TA1537, TA1538, TA1978 and TA2636) were incubated with eucalyptol (No.
1234), anisole (No. 1241), p-methylanisole (No. 1243), p-propylanisole (No. 1244),
1,2-dimethoxybenzene (No. 1248), m-dimethoxybenzene (No. 1249), p-dimethoxybenzene (No. 1250), diphenyl ether (No. 1255), dibenzyl ether (No. 1256), b-naphthyl methyl ether (No. 1257), b-naphthyl ethyl ether (No. 1258), or b-naphthyl
isobutyl ether (No. 1259) at concentrations of up to 50 000 mg/plate, with and without
metabolic activation (Clark et al., 1979; Florin et al., 1980; Rapson et al., 1980;

Eucalyptol

Eucalyptol

Eucalyptol

Eucalyptol

Eucalyptol

Eucalyptol

Eucalyptol

Anisole

1234

1234

1234

1234

1234

1234

1241

Flavouring agent

1234

In vitro

No.

Reverse mutation

DNA repair

DNA repair

Chromosomal
aberrations

S. typhimurium
TA98, TA100,
TA1535, TA1537

Bacillus subtilis
H17 (rec+) and
M45 (rec-)

Bacillus subtilis
H17 (rec+) and
M45 (rec-)

Chinese hamster
ovary cells

Chinese hamster
ovary CHO K-1
cells

Galloway et al.
(1987)
Sasaki et al.
(1989)
Galloway et al.
(1987)
Oda et al.
(1979)
Yoo (1986)

Florin et al.
(1980)

Positivedd
Negativee
Negatived

Negatived
Negativee
Negativeg

Negativeg

Negativea

50–500 mg/mlc
600–800 mg/ml

3 mmol/plate (324 mg
/plate)i

£20 ml/disk (20 000 mg
/disk)h

18 mg/disk

479–663 mg/ml
630–810 mg/ml

10, 33.3 and 100 mmol/l
(1.5, 5.1 and 15.4 mg/ml)f

Haworth et al.
(1983)

Negativea,b

3.3–3333 mg/plate

Reference

Gomes-Carneiro
et al. (1998)

Result

Negativea

250–2500 mg/plate

Dose or concentration

23:14

Sister chromatid
exchange

Chinese hamster
ovary cells

S. typhimurium
TA98, TA100,
TA1535, TA1537

S. typhimurium
TA102, TA100,
TA98, TA97

Test system

24/11/04

Sister chromatid
exchange

Reverse mutation

Reverse mutation

End-point

Table 6. Results of studies of genotoxicity with aliphatic and aromatic ethers
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Flavouring agent

Anisole

p-Methylanisole

p-Methylanisole

p-Methylanisole

p-Propylanisole

p-Propylanisole

1,2-Dimethoxybenzene

m-Dimethoxybenzene

p-Dimethoxybenzene

No.

1241

1243

1243

1243

1244

1244

1248

1249

1250

Table 6. (contd)

Reverse mutation

Reverse mutation

Reverse mutation

S. typhimurium
TA98, TA100,
TA1535, TA1537

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

S. typhimurium
TA100

Rat hepatocytes

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

Negative

‡5 · 10-3 mol/l (751 mg/ml)k
and above

10–900 mg/plate

£3.6 mg/plate

0.1, 1, 10, 100 and 1000 mg/
plate

Wild et al.
(1983)

Negativea

£750 mg/plate

Rapson et al.
(1980)
Wild et al.
(1983)

Haworth et al.
(1983)

Negative
Negativea

Negativea,b

Howes et al.
(1990)

Heck et al.
(1989)

Heck et al.
(1989)

Jansson et al.
(1988)
Florin et al.
(1980)

Reference

Positive

188 mg/ml

Negativea

Negativea

Negative

Result

374

Unscheduled DNA
synthesis

Reverse mutation

Rat hepatocytes

50 000 mg/plate

0–2.0 mmol/l (0–
216 mg/ml)i
3 mmol/plate (367 mg/
plate)j

Dose or concentration

23:14

Unscheduled DNA
synthesis

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

Human
lymphocytes
S. typhimurium
TA98, TA100,
TA1535, TA1537

Test system

24/11/04

Reverse mutation

Sister chromatid
exchange
Reverse mutation

End-point
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Flavouring agent

Diphenyl ether

Diphenyl ether

Diphenyl ether

Diphenyl ether

Diphenyl ether

Diphenyl ether

Diphenyl ether

Diphenyl ether

No.

1255

1255

1255

1255

1255

1255

1255

1255

Table 6. (contd)

Chromosomal
aberrations

Mutations

Reverse mutation

Reverse mutation

Chinese hamster
ovary cells

Saccharomyces
cerevisiae D7

S. typhimurium
TA1535, TA100,
TA1538, TA98,
TA1537, TA1978

S. typhimurium
TA100, TA1538,
TA98, TA1537,
TA1535

S. typhimurium
TA98, TA100,
TA1535, TA1537

Florin et al.
(1980)
Pagano et al.
(1983)

Pagano et al.
(1988)
Haworth et al.
(1983)
Clark et al.
(1979)

Westinghouse
(1984)

Pagano et al.
(1983)
SanSebastian
(1989)

Negativea

Negativea

Negativea

Negativea,b

Negativea

Negaitvea

Negativea
Negativea

5 and 10 ml/plate (5000
and 11 000 mg/plate)m

Up to 1 mmol/l (170 mg/ml)l
5–5000 mg/ml

1–10 000 mg/plate

3.3–333.3 mg/plate

£ Cytotoxic
concentrations (‡10-2 mmol/l
or 17 mg/ml)l

0.1–500 mg/plate

3 mmol/plate (511 mg/
plate)l

Reference

Result

Dose or concentration

23:14

Reverse mutation

S. typhimurium
TA100, TA97,
TA98, TA102

S. typhimurium
TA98, TA100,
TA1535, TA1537
S. typhimurium
TA98, TA100,
TA1532, TA1535,
TA1537, TA1538,
TA2636

Test system

24/11/04

Reverse mutation

Reverse mutation

Reverse mutation

End-point
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Diphenyl ether

Diphenyl ether

Dibenzyl ether

b-Naphthyl methyl ether

b-Naphthyl ethyl ether

b-Naphthyl ethyl ether

b-Naphthyl isobutyl ether

1255

1255

1256

1257

1258

1258

1259

p-Propylanisole

p-Propylanisole

1244

1244

Sex-linked recessive
lethal mutation

Micronucleus
formation

Reverse mutation

Drosophila
melanogaster

Mice

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

S. typhimurium
TA98, TA100,
TA1535, TA1537

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

Florin et al.
(1980)
Wild et al.
(1983)

Florin et al.
(1980)
Wild et al.
(1983)

Negativea

Negativea

Negativea

Negativea

Negativeq
Negativer

750, 1125, 1500 mg/kg
5 mmol/l (751 mg/ml)k

£1 mg/plate

3 mmol/plate (517 mg/
plate)p

£3.6 mg/plate

3 mmol/plate (475 mg/
plate)o

Wild et al.
(1983)

Wild et al.
(1983)

Wild et al.
(1983)

Negativea

£3.6 mg/plate

Farr (1987a)

Negative

0.1–1000 mg/mln

Mirsalis and
Bakke (1987)

Reference

Negative

Result

0.5–100 mg/ml

Dose or concentration

376

Reverse mutation

Reverse mutation

S. typhimurium
TA98, TA100,
TA1535, TA1537

S. typhimurium
TA98, TA100,
TA1535, TA1537,
TA1538

Rat hepatocytes

Rat hepatocytes

Test system

23:14

Reverse mutation

Unscheduled DNA
synthesis
Reverse mutation

Unscheduled DNA
synthesis

End-point

24/11/04

In vivo

Flavouring agent

No.

Table 6. (contd)
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Flavouring agent

m-Dimethoxybenzene

m-Dimethoxybenzene

Dibenzyl ether

Dibenzyl ether

b-Naphthyl ethyl ether

b-Naphthyl ethyl ether

b-Naphthyl isobutyl ether

b-Naphthyl isobutyl ether

No.

1249

1249

1256

1256

1258

1258

1259

1259

Table 6. (contd)

Sex-linked recessive
lethal mutation

Micronucleus
formation

Sex-linked recessive
lethal mutation

Drosophila
melanogaster

Mice

Drosophila
melanogaster

Mice

Wild et al.
(1983)
Wild et al.
(1983)
Wild et al.
(1983)
Wild et al.
(1983)
Wild et al.
(1983)

Negative
Negativeq
Negative
Negativeq
Negative
Negativeq
Negativev

25 mmol/l (3454 mg/ml)s
400, 700 or 1000 mg/kg bwt
10 mmol/l (1983 mg/ml)u
344, 603, 861 mg/kg bw
25 mmol/l (4,306 mg/ml)p

25 mmol/l

800, 1,400, or
2000 mg/kg bw

Wild et al.
(1983)

Negativeq

558, 966, or 1382 mg/kg bw
Wild et al.
(1983)
Wild et al.
(1983)

Reference

Result

Dose or concentration

23:14

Micronucleus
formation

Drosophila
melanogaster

Drosophila
melanogaster
Mice

Mice

Test system

24/11/04

Sex-linked recessive
lethal mutation

Sex-linked recessive
lethal mutation
Micronucleus
formation

Micronucleus
formation

End-point
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Notes to Table 6
a
With or without metabolic activation
b
Pre-incubation method
c
Lowest dose to give a significant increase in sister chromatid exchange: Trial I—500 mg/ml, Trial II—200 mg/ml
d
Without metabolic activation
e
With metabolic activation
f
Calculated using relative molecular mass of eucalyptol = 154.25
g
Foreign language article, data available from English abstract and/or tables
h
Calculated using density of eucalyptol = 0.921–0.924 (Food Chemical Codex, 1996)
i
Calculated using relative molecular mass of anisole = 108.14
j
Calculated using relative molecular mass of p-methylanisole = 122.17
k
Calculated using relative molecular mass of p-propylanisole = 150.22
l
Calculated using relative molecular mass of diphenyl ether = 170.21
m
Calculated using density of diphenyl ether = 1.07 (Arctander, 1969)
n
These values are for a mixture containing 73.5% diphenyl ether and 26.5% biphenyl
o
Calculated using relative molecular mass of _-naphthyl methyl ether = 158.2
p
Calculated using relative molecular mass of _-naphthyl ethyl ether = 172.23
q
Administered via intraperitoneal injection
r
In one of the four tests using I-propylanisole, high frequencies of sex-linked recessive lethal mutation were observed in two broods, which were
significantly (p £ 0.01) above the control value. However, the authors noted that four doubles (two lethal mutations from one male) were
observed in the test, and due to the lack of effects seen in the other three tests, the doubles were considered pre-existing and of spontaneous
origin (Wild et al., 1983).
s
Calculated using relative molecular mass of m-dimethoxybenzene = 138.17
t
Administered twice within a 24-h period
u
Calculated using relative molecular mass of dibenzyl ether= 198.27
v
A slight increase “with a borderline significance of p = 0.05” in frequencies of sex-linked recessive lethal mutations was reported in the second
brood of three, which was considered of questionable relevance and not a positive result (Wild et al., 1983). The “borderline” significance
reported (p = 0.05) appears to be due to the abnormally low frequency of sex-linked recessive lethal mutations in the corresponding control
brood (control brood II: 34/17734 or 0.19%) when compared to the control groups of the other two broods (control brood I: 42/18188 or 0.23%
and control brood III: 50/16980 or 0.29%)
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Haworth et al., 1983; Pagano et al., 1983, 1988; Wild et al., 1983; Westinghouse
Electric Corporation, 1984; Heck et al., 1989; Gomes-Carneiro et al., 1998).
Eucalyptol (No. 1234) was tested in assays for sister chromatid exchange in
Chinese hamster ovary cells in vitro (Galloway et al., 1987; Sasaki et al., 1989).
A statistically significant increase (p < 0.05) in the incidence of sister chromatid
exchanges in the absence of metabolic activation was reported at high concentrations (200–500 mg/ml) that induced cell cycle delay (Galloway et al., 1987). This
finding was, however, not confirmed in a subsequent study that also used eucalyptol at concentrations that extended into the toxic range (Sasaki et al., 1989),
nor was any increased incidence of sister chromatid exchange found in the presence of metabolic activation (Galloway et al., 1987). In an assay for sister chromatid exchange in human lymphocytes in vitro, anisole (No. 1241) did not induce
sister chromatid exchange at concentrations of up to 2 mmol/l (216 mg/ml)6
(Jansson et al., 1988).
Eucalyptol (No. 1234) did not induce chromosomal aberrations in Chinese
hamster ovary cells at concentrations ranging from 479 to 663 mg/ml without metabolic activation, and from 630 to 810 mg/ml with metabolic activation (Galloway et
al., 1987). Diphenyl ether (No. 1255), at concentrations of 5 to 5000 mg/ml, did not
induce chromosomal aberrations in Chinese hamster ovary cells with or without
metabolic activation (SanSebastian, 1989).
In an abstract for a preliminary screening study that was not published, pmethylanisole (No. 1243) was tested in an assay for unscheduled DNA synthesis
in vitro using hepatocytes isolated from adult male Fischer or Sprague-Dawley rats.
Positive responses were reported for p-methylanisole, but only at cytotoxic concentrations (188 mg/ml; relative survival, 60–78%). At lower non-cytotoxic concentrations (5–100 mg/ml), there was no evidence of unscheduled DNA synthesis
(Heck et al., 1989). Furthermore, incubation of the related substance p-propylanisole (No. 1244) with rat hepatocytes showed no evidence of unscheduled DNA
synthesis (Howes et al., 1990). Diphenyl ether gave negative results in two separate assays for unscheduled DNA synthesis in rat hepatocytes in vitro at concentrations ranging from 0.5 to 100 mg/ml (Mirsalis & Bakke, 1987) and from 0.1 to
1000 mg/ml7 (Farr, 1987a).
In an assay for DNA repair in Bacillus subtilis H17 and M45 (rec assay), eucalyptol gave negative results at concentrations ranging from 18 to 20 000 mg/disc8
(Oda et al., 1979; Yoo, 1986).
In vivo
In an assay for micronucleus formation in bone marrow cells, male and female
NMRI mice received single injections of p-propylanisole at a dose of 750, 1125, or

6

Calculated based on relative molecular mass of anisole = 108.14.
The concentrations tested (0.1, 0.5, 1, 5, 10, 50, 100, 250, 500 and 1000 mg/ml)
represent a mixture of diphenyl ether (73.5%) and biphenyl (26.5%).
8
Calculated based on density of eucalyptol = 0.921–0.924 (Food Chemical Codex, 1996).
7
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1500 mg/kg bw in olive oil. The mice were killed 30 h after injection. Results were
expressed as mean number of micronucleated polychromatic erythrocytes per
1000 polychromated erythrocytes. There was no evidence of an increase in the
incidence of micronucleated polychromatic erythrocytes at any of the concentrations of p-propylanisole tested when compared with the values for controls(Wild et
al., 1983).
Assays for micronucleus formation were also performed with four other aromatic ethers. There was no evidence of an increase in the frequency of micronucleated polychromatic erythrocytes reported when male and female NMRI mice
were given intraperitoneal injections of m-dimethoxybenzene (No. 1249) at up to
1382 mg/kg bw, dibenzyl ether (No. 1256) at up to 1000 mg/kg bw, b-naphthyl ethyl
ether (No. 1258) at up to 861 mg/kg bw, or b-naphthyl isobutyl ether (No. 1259) at
up to 2000 mg/kg bw (Wild et al., 1983).
Assays for sex-linked recessive lethal mutations in Drosophila melanogaster
were performed using 5 mmol/l of p-propylanisole (No. 1244), 25 mmol/l of mdimethoxybenzene (No. 1249), 10 mmol/l of dibenzyl ether (No. 1256), 25 mmol/l
of b-naphthyl ethyl ether (No. 1258), or 25 mmol/l of b-naphthyl isobutyl ether (No.
1259) (Wild et al., 1983). None of these substances was reported to give positive
results in this assay (Wild et al., 1983).
In one of four assays with p-propylanisole, the frequency of sex-linked recessive lethal mutations was significantly increased (p £ 0.01), a result that was not
confirmed when the assay was repeated three times at the same test concentration (5 mmol/l). For b-naphthyl isobutyl ether, a slight increase in sex-linked recessive lethal mutations “with a borderline significance of p = 0.05” was reported only
in the second of three broods analysed, which the authors concluded to be of questionable relevance. The “borderline” significance was due to the abnormally low
frequency of sex-linked recessive lethal mutations in the corresponding control
brood for the second brood (0.19%) compared with the values for controls (0.23
and 0.29%) for the other two broods.
Conclusion
The Committee concluded that there was no confirmed evidence of genotoxicity for any of the aliphatic or aromatic ethers used as flavouring agents.
(e)

Reproductive toxicity
(i)

Eucalyptol (No. 1234)

Sprague-Dawley rats were given olive oil containing Rowachol® (a mixture
containing: a/b-pinene, 17%; l-menthol, 32%; menthone, 6%; borneol, 5%; dcamphene, 5%; cineole (eucalyptol), 2%; and rheochrysin, 0.1%) at an oral dose
of 0.16, 0.80, or 1.60 ml/kg (approximately equivalent to dietary intakes of eucalyptol of 0, 3, 15 and 30 mg/kg bw per day, respectively) once daily for 6 days, from
days 9–14 of gestation. A control group of rats received olive oil at an oral
dose of 0.80 ml/kg bw. Necropsies were performed on day 20 of gesation. No sta-
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tistically significant differences in maternal body-weight gain, number of implantation sites, placental weight, intrauterine mortality or fetal weight were reported
between the groups treated with Rowachol® and the control group. At the highest
dose (1.60 ml/kg per day), there were significant reductions in maternal, placental,
fetal and newborn body weight compared with controls. Although newborn body
weights were significantly decreased at the highest dose, development recovered
after 1 week. Additionally, fetuses of animals receiving the highest dose did not
show any retarded ossification. There were no gross, visceral or skeletal anomalies at the highest dose, nor was there any significant difference in the incidence
of fetal malformations reported between rats treated with Rowachol® and controls.
No teratogenic effect was observed for Rowachol® at any dose (Hasegawa & Toda,
1978).
(ii)

Diphenyl ether (No. 1255)

Groups of five mated female Sprague-Dawley rats received a mixture (Therminol® VP-1) containing 73.5% diphenyl ether and 26.5% biphenyl at a single daily
dose of 0, 100, 200, 400, 800, and 1500 mg/kg bw per day (approximately equivalent to dietary intakes of diphenyl ether of 0, 73.5, 147, 294, 588, and 1102 mg/kg
bw per day, respectively) on days 6–15 of gestation. The animals were observed
twice daily for clinical signs of toxicity and mortality, and food consumption was
measured on days 0–20 of gestation. Body weights and clinical signs of toxicity
were recorded on days 0, 6, 10, 12, 15 and 20 of gestation. The animals were
sacrificed on day 20 of gestation and subjected to gross necropsy and examinations of corpora lutea and the uterus. Fetuses were weighed, sexed and examined for external malformations. Deaths were reported in 4/5 rats (80%) at
400 mg/kg bw per day during days 8–15 of gestation, and in 1/5 (20%) rats at
1500 mg/kg bw per day on day 15 of gestation. With the exception of the group
receiving 400 mg/kg bw per day, in which the rate of pregnancy was 80%, the rate
of pregnancy was reported to be 100% in all treatment groups. Rats receiving Therminol® at a dose of 400, 800, or 1500 mg/kg bw per day had staining of the fur in
the ano-genital area, as well as signs of excessive salivation. Maternal body-weight
gain was affected in a dose-related manner in the groups receiving Therminol® at
a dose of 100, 200, or 800 mg/kg bw per day, and weight loss was reported in rats
at 1500 mg/kg bw per day. Maternal food consumption was decreased at all doses
when compared with that of the controls during days 6–15 of the treatment period;
however, during the post-treatment period (days 15–20 of gestation), food consumption and weight gain at all doses were reported to be significantly greater
than those of controls. There were no significant differences in the number of
corpora lutea, uterine implantation sites, or preimplantation loss indices reported
between rats treated with Therminol® and rats in the control groups. The mean
number of viable fetuses and resorptions per dam did not differ significantly at 100,
200, or 400 mg/kg bw per day or in controls. Significantly increased frequencies of
uterine resorptions and significantly decreased numbers of viable fetuses per litter
were reported at 800 mg/kg bw per day. Fetal weights at 1500 mg/kg bw per day
were significantly lower than those of controls. No treatment-related effects were
noted upon gross examinations of the dams. An external malformation (unilateral
microphthalmia) was noted in one of the fetuses of the group receiving a dose of
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800 mg/kg bw per day; however, no fetal malformations were reported in the other
treated groups (Farr, 1987b).

3.
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The Committee evaluated a group of flavouring agents that included nine
hydroxy- or alkoxy-substituted propenylbenzenes (see Table 1), commonly recognized as isoeugenol derivatives, by the Procedure for the Safety Evaluation of
Flavouring Agents (see Figure 1, Introduction). These agents have not been evaluated previously by the Committee.
Three of the nine flavouring agents (Nos 1260, 1265 and 1266) have been
reported to occur naturally in foods. They have been detected in blueberries, mushrooms, ginger, raw fatty fish, and pork (Maarse et al. 1999).
1.2

Estimated daily intake

The total annual volume of production of the nine flavouring agents in this group
is approximately 2000 kg in Europe (International Organization of the Flavour
Industry, 1995) and 4100 kg in the USA (National Academy of Sciences, 1970,
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1982; Lucas et al., 1999). More than 80% of the total annual volume of production in Europe is accounted for by isoeugenol (No. 1260) and isoeugenyl methyl
ether (No. 1266), and >65% of the total annual volume of production in the USA
is accounted for by propenylguaethol (No. 1264). The estimated daily per capita
intake of isoeugenol is approximately 120 mg in Europe and 40 mg in the USA. The
estimated daily per capita intake of isoeugenyl methyl ether is approximately 130
mg in Europe and 130 mg in the USA. The estimated daily per capita intake of
propenylguaethol is approximately 40 mg in Europe and 350 mg per day in the USA.
The daily per capita intakes of the other flavouring agents in the group range from
0.009–11 mg (National Academy of Sciences, 1970, 1982; International Organization of the Flavour Industry, 1995; Lucas et al., 1999), with most being <1 mg.
The daily per capita intake of each agent in Europe and in the USA is reported in
Table 1.
1.3

Absorption, distribution, metabolism and elimination

Six (Nos 1260–1265) of the nine flavouring agents contain a free phenolic OH
group or are simple phenolic esters. The remaining three agents (Nos 1266–1268)
are propenyl benzene derivatives that contain a methoxy, ethoxy, or benzoxy
substituents on the para- (p) position and a methoxy substituent on the meta (m)
position.
Isoeugenol derivatives containing a phenolic OH group (Nos 1260, 1264 and
1265) are rapidly absorbed from the gastrointestinal tract and are metabolized
principally in the liver via conjugation of the phenolic hydroxy group with sulfate or
glucuronic acid. The conjugates are subsequently excreted, primarily in the urine
(Badger et al., 2002; Fuciarelli, 2001).
Esters of isoeugenol (Nos 1261–1263) are hydrolysed in vivo by carboxylesterases (Heymann, 1980). Upon hydrolysis the product, isoeugenol, is conjugated and excreted while the component carboxylic acids are metabolized in
well-recognized biochemical pathways (Williams, 1959).
The alkoxypropenylbenzene derivatives (Nos 1266–1268) in this group
primarily undergo O-demethylation of either the (m) or (p)-methoxy substituent
to yield the corresponding isoeugenol derivative that is then excreted as the
sulfate or glucuronic acid conjugate (Solheim & Scheline, 1976; Annex 1, reference 137).
1.4

Application of the procedure for the safety evaluation of
flavouring agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring Agents
to the above-mentioned flavouring agents, the Committee assigned six of
the nine flavouring agents (Nos 1260–1265) to structural class I. The
remaining three flavouring agents (Nos 1266–1268) were assigned to
structural class III (Cramer et al., 1978).
Step 2. All the flavouring agents in this group are expected to be metabolized to
innocuous products. The evaluation of all agents in this group therefore
proceeded via the A-side of the decision-tree.
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Step A3. The estimated daily per capita intakes of all six of the flavouring agents
in structural class I and two of the three agents in structural class III are
below the threshold of concern (i.e. 1800 mg for class I and 90 mg for class
III). The Committee concluded that the safety of these eight flavouring
agents raises no concern at their currently estimated levels of intake. One
of the agents in structural class III, isoeugenyl methyl ether (No. 1266),
exceeds the threshold of concern. The daily per capita intake of isoeugenyl methyl ether is 128 mg in Europe and 129 mg in the USA. Accordingly, the evaluation of isoeugenyl methyl ether proceeded to step A4.
Step A4. Isoeugenyl methyl ether is not endogenous in humans. The evaluation
therefore proceeded to step A5.
Step A5. A NOEL of 100 mg/kg bw per day for isoeugenyl methylether (No. 1266)
was identified from a 28-day study in rats fed diets containing isoeugenyl
methylether (Osborne, 1981). In another study of longer duration (13
weeks), no adverse effects were observed in rats given diets containing
isoeugenyl methyl ether at a dose of 6 mg/kg bw per day. The NOEL of
6 mg/kg bw per day was >1000 times greater than the estimated intake
of isoeugenyl methyl ether from its use as a flavouring agent in Europe
and in the USA (2 mg/kg bw per day in each case). On the basis of these
data, the Committee concluded that isoeugenyl methyl ether is not
expected to be of safety concern at currently estimated levels of use.
Table 1 summarizes the evaluations of nine hydroxypropenylbenzenes (Nos
1260–1268).
1.5

Consideration of combined intakes from use as flavouring agents

All agents in this group are expected to be metabolized efficiently and the available metabolic pathways would not be saturated. Evaluation of all the data indicated no safety concerns associated with combined intake.
1.6

Conclusions

The Committee concluded that the flavouring agents in this group of hydroxypropenylbenzenes would not be of safety concern at the currently estimated
levels of intake. Other data on the toxicity and metabolism of these hydroxypropenylbenzenes were consistent with the results of the safety evaluation.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Additional considerations on intake

Quantitative natural occurrence data and consumption ratios reported for
isoeugenol (No. 1260), propenylguaethol (No. 1264), and isoeugenyl methyl ether
(No. 1266) indicate that exposure occurs predominantly from consumption of traditional foods (i.e. consumption ratio, >1) (Stofberg & Kirschman, 1985; Stofberg
& Grundschober, 1987). Volumes of production and intake values for each flavouring agent in this group are shown in Table 2.

1260

1261

1262

1263

Isoeugenyl
formate

Isoeugenyl
acetate

Isoeugenyl
phenylacetate

No.

Isoeugenol

Structural class I

Flavouring agent

O

O

O

O

H

O

O

HO

O

O

120-24-1

O

93-29-8

O

7774-96-1

97-54-1

CAS no. and structure

No
Europe: ND
USA: 0.3

No
Europe: 0.7
USA: 11

No
Europe: ND
USA: 0.2

No
Europe: 117
USA: 43

Step A3
Does intake
exceed the
threshold for
human
intake?b

NR

NR

NR

NR

Step A4
Is the
flavouring
agent or are
its metabolites
endogenous?

NR

NR

NR

NR

Step A5
Adequate margin
of safety for the
flavouring agent
or related
substance?

See note 4

See note 3

See note 2

See note 1

Comments

Table 1. Summary of results of the safety evaluations of hydroxypropenylbenzenes used as flavouring agentsa

No safety concern

No safety concern

No safety concern

No safety concern

Conclusion based
on current intake
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1264

1265

Propenylguaethol

4-Propenyl-2,6dimethoxyphenol

Isoeugenyl
methyl ether

1266

Structural Class III

No.

Flavouring agent

Table 1. (contd)

O

O

HO

93-16-3
••

20675-95-0
O ••

O

O

HO

94-86-0

CAS no. and structure

Yes
Europe: 128
USA: 129

No
Europe: ND
USA: 2

No
Europe: 44
USA: 354

Step A3
Does intake
exceed the
threshold for
human
intake?b

No

NR

NR

Step A4
Is the
flavouring
agent or are
its metabolites
endogenous?

Yes; The NOEL of
6 mg/kg bw per day
for isoeugenol methyl
ether (Osborne, 1981)
is >1000 times greater
than the daily intakes
of 2 mg/kg bw per day
in Europe and the
USA as a flavouring
agent

NR

NR

Step A5
Adequate margin
of safety for the
flavouring agent
or related
substance?

See note 5

See note 1

See note 1

Comments

No safety concern

No safety concern

No safety concern

Conclusion based
on current intake
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1267

1268

Isoeugenyl
ethyl ether

Isoeugenyl
benzyl ether

O

O

O

120-11-6

O

7784-67-0

CAS no. and structure

No
Europe: 1
USA: 1

No
Europe: ND
USA: 0.009

Step A3
Does intake
exceed the
threshold for
human
intake?b

NR

NR

Step A4
Is the
flavouring
agent or are
its metabolites
endogenous?

NR

NR

Step A5
Adequate margin
of safety for the
flavouring agent
or related
substance?

See note 5

See note 5

Comments

No safety concern

No safety concern

Conclusion based
on current intake

Notes:
1. Detoxicated primarily by conjugation of the phenolic OH group with sulfate or glucuronic acid and excreted mainly in the urine
2. Hydrolysed to isoeugenol and formic acid, which is oxidized to CO2 and H2O
3. Hydrolysed to isoeugenol and acetic acid, which is absorbed from the gastrointestinal tract and acts as a precursor for synthesis of
biomolecules
4. Hydrolysed to isoeugenol and phenylacetic acid, which is endogenous in humans and excreted as the glutamine conjugate
5. Detoxicated primarily by O-demethylation at the (m) or (p)-methoxy substituent to yield the corresponding phenol followed by excretion in the
urine as the sulfate or glucuronic acid conjugate

CAS, Chemical Abstracts Service; ND, no intake data reported; NR, not required for evaluation because consumption of the substance was
determined to be of no safety concern at Step A3 of the procedure
a
Step 2: All of the agents in this group are expected to be metabolized to innocuous products
b
The threshold for human intake for structural classes I and III are 1800 mg/day and 90 mg/day, respectively. All intake values are expressed in
mg per day. The combined per capita intake of flavouring agents in structural class I is 162 mg per day in Europe and 411 mg per day in the
USA. The combined per capita intake of flavouring agents in structural class III is 129 mg per day in Europe and 130 mg per day in the USA

No.

Flavouring agent

Table 1. (contd)
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ND
0.2

0.7
11

ND
0.3

44
354

ND
2

128
129

Isoeugenyl formate (1261)
Europe
ND
1
USAe

Isoeugenyl acetate (1262)
Europe
5
USA
86

Isoeugenyl phenylacetate (1263)
Europe
ND
USA
2

Propenylguaethol (1264)
311
Europe
USA
2685

4-Propenyl-2,6-dimethoxyphenol (1265)
ND
Europe
USAf
11

Isoeugenyl methyl ether (1266)
Europe
894
USA
980

mg/day

Intakeb

117
43

Most recent annual
volume (kg)a

817
327

Isoeugenol (1260)
Europe
USA

Agent (No.)

2
2

ND
0.03

0.7
6

ND
0.004

0.01
0.2

ND
0.003

2
0.7

mg/kg bw
per day

110

108

—

—

—

—

2162

Annual volume in naturally
occurring foods (kg)c

Table 2. Annual volumes of production of hydroxypropenylbenzenes used as flavouring agents

0.1

10

NA

NA

NA

NA

7

Consumption ratiod
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2035
4103

0.02
0.02

ND
0.0001

mg/kg bw
per day

—

—

Annual volume in naturally
occurring foods (kg)c

NA

NA

Consumption ratiod

NA, not available; ND, no intake data reported; +, reported to occur naturally in foods (Maarse et al., 1999), but no quantitative data; -, not
reported to occur naturally in foods
a
From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or National Academy of Sciences (1970, 1982)
b
Intake (mg/person per day) calculated as follows: [(annual volume, kg) ¥ (1 ¥ 109 mg/kg)]/[population ¥ survey correction factor ¥ 365 days],
where population (10%, “eaters only”) = 32 ¥ 106 for Europe and 26 ¥ 106 for the USA; where correction factor = 0.6 for Europe and USA
National Academy of Sciences surveys and 0.8 for the Lucas et al. survey in the USA representing the assumption that only 60% and 80% of
the annual volume of flavouring agent, respectively, was reported in the poundage surveys (International Organization of the Flavour Industry,
1995; Lucas et al., 1999; National Academy of Sciences, 1970, 1982).
Intake (mg/kg bw per day) calculated as follows: [(mg/person per day)/body weight], where body weight = 60 kg. Slight variations may occur from
rounding
c
Quantitative data for the United States reported by Stofberg & Grundschober (1987)
d
The consumption ratio is calculated as follows: (annual consumption via food, kg)/(most recent reported volume as a flavouring substance, kg)
e
Annual volume reported in previous surveys in the USA (National Academy of Sciences, 1970; 1982)
f
The volume cited is the anticipated annual volume of production, which was the maximum amount of flavouring agent estimated to be used
annually by the manufacturer at the time the material was proposed for flavour use. Subsequent national surveys (National Academy of
Sciences, 1970, 1982, 1987; Lucas et al., 1999), if applicable, revealed no reported use of the agent as a flavouring agent

TOTAL
Europe
USA

1
1

Isoeugenyl benzyl ether (1268)
Europe
8
USA
11

mg/day

Intakeb

ND
0.009

Most recent annual
volume (kg)a

Isoeugenyl ethyl ether (1267)
Europe
ND
USAe
0.05

Agent (No.)

Table 2. (contd)
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2.2

Biological data

2.2.1

Biochemical data
(a)

397

Hydrolysis

In general, aromatic esters are hydrolysed in vivo through the catalytic activity
of carboxylesterases (Heymann, 1980; Anders, 1989), the most important of which
are the A-esterases. Carboxylesterases are found in the endoplasmic reticulum
of most mammalian tissues; however they are most abundant in hepatocytes
(Anders, 1989; Graffner-Nordberg et al., 1998; Hosokawa et al., 2001).
In a study of the hydrolysis of the structurally related ester, phenyl acetate1,
using pig liver carboxylesterase, the Km (substrate concentration at which half the
true maximum velocity of an enzyme-catalysed reaction is achieved) and Vmax
(maximum velocity of an enzyme-catalysed reaction) values for phenyl acetate
were reported to be 0.43 mmol/l and 438 mmol/min per mg protein, respectively, at
a substrate (phenyl acetate) concentration of 0.2–3 mmol/l (Jung & Heymann,
1979). A second phenolic ester, o-tolyl acetate (o-methylphenyl acetate) was 60%
hydrolysed in vitro after incubation with pancreatin for 2 h at 37 °C (Grundschober,
1977). Phenyl 2-hydroxybenzoate (phenyl salicylate) is hydrolysed to phenol and
2-hydroxybenzoic acid in humans, as shown in a study in which one man was
given one capsule containing 90 mg of phenyl salicylate per hour for 8 h. Urine was
collected for 72 h after the first dose, in 8 h collection periods. Analysis of total
urinary phenol showed a peak concentration of 472 ppm during the second collection period. The concentration of free urinary phenol peaked at 25 ppm during
the same period. Approximately 60 h after the first dose, concentrations of both
total and free urinary phenol returned to baseline levels (7 and 1 ppm, respectively)
(Fishbeck et al., 1975).
Recent studies have revealed that isoeugenyl acetate (No 1262) undergoes
extensive hydrolysis when incubated with rat hepatocytes or with microsomes
prepared from rat liver. For example, incubation of isoeugenyl acetate (500 mmol/l)
with hepatocytes (2 million cells) resulted in the complete hydrolysis of the ester
to isoeugenol within 15–20 min. Hydrolytic activity was greatly enriched in the
endoplasmic reticulum (i.e. microsomal fraction) of the liver. Rat blood also hydrolysed isoeugenyl acetate at a rate of 1600 nmol/ml per min (personal communication from Professor G. Sipes, University of Arizona, Tucson, Arizona, USA to the
Flavor and Extract Manufacturers Association (FEMA), Washington, DC, USA;
submitted to WHO by FEMA).
The aromatic phenols and carboxylic acids resulting from hydrolysis are readily
absorbed and metabolized in well-recognized biochemical pathways.

O

1

O

Phenyl acetate
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(b)

Absorption, distribution and excretion

In humans, rats, and mice, orally administered hydroxypropenylbenzene derivatives are rapidly absorbed from the gastrointestinal tract and predominantly
metabolized in the liver via phase II conjugation of the phenolic hydroxy (OH) group
to form sulfate and glucuronic acid conjugates. These conjugates are eliminated
primarily in the urine.
For the flavouring agents that do not contain a free phenolic OH group (Nos
1266–1268), the predominant metabolic pathways include O-demethylation to
yield an isoeugenol derivative, and w-oxidation of the terminal methyl group to
yield a benzoic acid derivative. In O-demethylation, either (m)- or (p)-methoxysubstituted isoeugenol is converted to the corresponding isoeugenol derivative
containing a free phenolic OH group. The phenol is then excreted in the urine as
the sulfate or glucuronic acid conjugate. Carbon dioxide produced by O-demethylation is eliminated in the expired air (Solheim & Scheline, 1976). At low doses,
this is the predominant detoxication pathway in animals (Sangster et al., 1987). As
doses increase, w-oxidation, and to a lesser extent, epoxidation of the propenyl
side-chain compete favourably with O-demethylation. Other minor metabolites of
these three substituted isoeugenol derivatives can be formed.
Male Fischer 344 rats given [14C]isoeugenol (No. 1260) at a single oral dose
of 156 mg/kg bw excreted >85% of the administered dose as the glucuronic acid
and sulfate conjugate in the urine within 72 h. No parent compound was detected
in the blood after oral administration. Similarly, male rats given [14C]isoeugenol at
a single intravenous dose of 15.6 mg/kg bw excreted 82% of the administered dose
as the glucuronic acid and sulfate conjugates in the urine within 72 h. At 1 h and
48 h after administration, 1% and 12% of the radiolabel, respectively, was recovered in the blood. After administration by either route, approximately 10% of the
administered dose was excreted in the faeces and <0.1% was recovered in expired
air. Less than 0.25% of the radiolabel remained in selected tissues (Badger et al.,
2002).
The results of toxicokinetic studies conducted with isoeugenol administered by
gavage or intravenously to Fischer 344/N rats and B6C3F1 mice indicate that
isoeugenol undergoes extensive first-pass metabolism (Fuciarelli, 2001).
Isoeugenol was detected in the plasma of rats and mice 2 min after the administration by gavage of single doses of 17 and 35 mg/kg bw to rats and mice. The time
at which peak plasma concentrations (Tmax) were attained was shown to be short,
with values ranging from between 2 and 20 min in rats, and between 5 and 20 min
in mice. Collectively, these data indicate that isoeugenol is rapidly absorbed from
the gastrointestinal tract. However, the results indicate that isoeugenol has a low
bioavailability2 (approximately 14% for rats at 17 mg/kg bw and approximately 35%
for mice at 35 mg/kg bw). On the basis of low bioavailability, the authors concluded

2
bioavailability is defined as the ratio of area under the plasma concentration-time curve
for administration by gavage (AUC(gavage)) divided by the AUC for intravenous
administration (AUC(IV)).
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that isoeugenol undergoes first-pass metabolism before systemic distribution.
Short terminal elimination rate constants (t1/b) for both species also indicate that
isoeugenol is rapidly eliminated from the systemic circulation. The high total clearance (Ctot) values reported for rats and mice further support the conclusion that
isoeugenol is rapidly and extensively eliminated from systemic circulation after
administration by gavage (Fuciarelli, 2001).
In groups of male Wistar rats given a single dose of 200 mg/kg bw of isoeugenol
methyl ether (No. 1266) by oral or intraperitoneal administration, 79% and 90% of
the administered dose was eliminated in the urine within 24 h (Solheim & Scheline, 1976). Subsequent analysis of the urine failed to detect any parent compound.
Studies with p-methoxypropenylbenzene (trans-anethole)3 in mice and rats
(Annex 1, reference 137) support the conclusion that hydroxy- and methoxypropenylbenzene derivatives are rapidly absorbed, metabolized, and eliminated.
Furthermore, the rapid absorption and elimination of alkoxypropenylbenzene derivatives was supported by data on the metabolism of p-methoxypropenylbenzene in
humans.
In two men given a single dose of 1 mg of trans-[methoxy-14C]anethole, 81%
of the radiolabel was either excreted in the urine or exhaled as 14CO2 within 8 h.
After 48 h, the total recovery of radiolabel was 88% of the administered dose
(Sangster et al., 1987). In a study in five persons (body weights, 62–77 kg) given
1, 50, or 250 mg of trans-[methoxy-14C]anethole orally (approximately equivalent
to 0.015, 0.87, or 4 mg/kg bw, respectively) in three separate doses, most of
the radiolabel was eliminated in the expired air and urine within the first 8 h. The
dose administered was shown to have no effect on the rate or route of excretion
(Caldwell & Sutton, 1988). In a third study in five volunteers given a single dose
of trans-anethole of 500 mg (equivalent to approximately 12 mg/kg bw), >57% of
the administered dose was excreted in the urine within 24 h (Le Bourhis, 1973).
(c)

Metabolism

After absorption, orally administered hydroxy- and alkoxypropenylbenzene
derivatives are completely metabolized in humans, rats and mice. Pharmacokinetic and metabolic information on isoeugenol (No. 1260), isoeugenol methyl ether
(No. 1266), and related alkoxypropenylbenzene derivatives (e.g. trans-anethole)
indicate that hydroxypropenylbenzenes primarily undergo conjugation of the phenolic OH group with sulfate or glucuronic acid, followed by excretion mainly in the
urine. Dealkylation of ring alkoxy substituents and oxidation of the propenyl sidechain are minor metabolic pathways for hydroxypropenylbenzene derivatives.
In the absence of a free phenolic hydroxy group (Nos 1266–1268),
alkoxypropenylbenzenes undergo O-dealkylation and side-chain oxidation (woxidation and epoxidation). At low concentrations, O-dealkylation is the predominant pathway, yielding the corresponding phenol derivative (Newberne et al., 1999;

3

O
p-Methoxypropenylbenzene (trans-anethole)
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Annex 1, reference 137). As the dose increases, w-oxidation of the propenyl
side-chain and epoxidation of the double bond compete with O-dealkylation. In
w-oxidation, the propenyl side-chain undergoes terminal methyl oxidation to yield
a cinnamyl alcohol derivative that is successively oxidized to the corresponding
cinnamic acid derivative. The acid may be conjugated with glycine and excreted,
or it may undergo b-oxidation, cleavage, and conjugation to the corresponding hippuric acid derivative. In epoxidation, the propenyl double bond forms a labile
epoxide that is detoxicated via the action of epoxide hydrolyase to form the corresponding diol. The epoxide also may be detoxicated via glutathione transferase
to form the corresponding glutathione conjugate (Annex 1, reference 137 ).
Isoeugenol (No. 1260), which contains a free phenolic hydroxy group, is also
readily conjugated with glucuronic acid and sulfate, and subsequently excreted
(Williams, 1959; Badger et al., 2002). given to In male Fischer 344 rats given
[14C]isoeugenol in a single oral dose of 156 mg/kg bw or a single intravenous dose
of 15.6 mg, > 80% of the administered dose was excreted as the glucuronic acid
and sulfate conjugate in the urine within 72 h. With both routes of administration,
approximately 10% of the administered dose was excreted in the faeces and
<0.1% was recovered in expired air (Badger et al., 2002).
Data on isoeugenol are consistent with metabolic data on the structurally
related substance, eugenol (3-methoxy-4-hydroxyallylbenzene). The metabolic
fate of eugenol has been studied in female Wistar rats and male CD-1 mice given
ring-labelled [14C]eugenol in a single dose of 0.5, 5, 50 or 1000 mg/kg bw by
gavage. More than 50% of urinary radiolabel was accounted for by glucuronic acid
or sulfate conjugates of eugenol, with sulfate conjugates being predominant at
low doses, and glucuronic acid conjugates assuming increasing importance with
increasing dose. Other minor routes of metabolism included O-demethylation to
yield 3,4-dihydroxyallylbenzene, reduction of the allylic double bond to yield 4hydroxy-3-methoxypropylbenzene, and a combination of O-demethylation and
epoxidation of the side-chain to yield the corresponding 2¢,3¢-diol. The allylic reduction is mediated by the microbial flora of the gastrointestinal tract of the rat (Sutton
et al., 1985).
A study in eight humans showed that >55% of a single oral dose of eugenol4
of 150 mg (approximately 2.5 mg/kg bw), was excreted as the glucuronic acid and
sulfate conjugates in the urine. Other minor conjugated urinary metabolites include
cis- and trans-isoeugenol formed by double bond isomerization, a thiol-substituted
methoxyhydroxybenzene derivative (approximately 11%), and diol and hydroxyacid metabolites (13%) presumably formed via hydrolysis and subsequent oxidation of an epoxide intermediate (Fischer et al., 1990). Eugenol epoxide was either
rapidly converted to the corresponding diol by cytosolic epoxide hydrolase, or conjugated with glutathione and excreted.

OH
4

O

Eugenol
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In male rats given a single oral dose of 200 mg of eugenol in 1 ml of olive oil,
the specific activity of UDP-glucuronyl transferase in the liver increased gradually
during 12 h and reached its maximum (0.277 mmol/min per mg of protein, corresponding to 165% of the control value of 0.169 mmol/min per mg of protein)
48 h after administration. The specific activity declined to 142% of the control
value (0.240 mmol/min per mg of protein) after 72 h, providing additional evidence
for glucuronic acid conjugation of isoeugenol. There was also an increase in the
excretion of glucuronide ethers in urine (35 mg/12 h per rat) collected during
the 0–12 or 12–24 h after administration of eugenol; the excretion of glucuronide
ethers decreased rapidly to normal levels (5 mg/12 h per rat) after 24 h (Yuasa,
1974).
The three flavouring agents in this group (isoeugenyl formate, (No. 1261);
isoeugenyl acetate (No. 1262); isoeugenyl phenylacetate (No. 1263)) that contain
an ester substituent in the para-position are expected to be hydrolysed to
isoeugenol and the corresponding carboxylic acid (i.e. formic acid, acetic acid,
and phenylacetic acid, respectively). In humans and other primates, formic acid is
oxidized to carbon dioxide and water primarily in the liver (Tephly, 1991). Acetic
acid is readily absorbed from the gastrointestinal tract where it acts as a precursor for the synthesis of biomolecules, such as phospholipids, steroids, and fatty
acids (Nelson & Cox, 2000). Phenylacetic acid is endogenous in humans, as it
occurs as one of the end-products in the metabolism of L-phenylalanine. It is
excreted primarily as the glutamine conjugate (James et al., 1972; Silverman
et al., 1986).
In summary, the major metabolic pathway for isoeugenol, isoeugenyl
esters, and other derivatives (Nos 1260–1265) containing a free phenolic
OH group involves rapid conjugation with sulfate or glucuronic acid, followed by
excretion in the urine. Minor metabolic pathways involve the O-dealkylation of
ring alkoxy substituents, or oxidation of the propenyl side-chain via w-oxidation or
epoxidation.
Alkoxypropenylbenzene derivatives (Nos 1266–1268) are detoxicated primarily by O-dealkylation at the meta- or para-positions to yield the corresponding
phenol, followed by excretion in the urine as the sulfate or glucuronic acid conjugate. w-Oxidation is a minor metabolic pathway for alkoxypropenylbenzene derivatives. For groups of five male albino Wistar rats given isoeugenyl methyl ether
(No. 1266) at a single oral dose of 200 or 400 mg/kg bw, the principal bile metabolites included those formed by 3- and 4-O-demethylation, and w-oxidation
(3,4-dimethoxycinnamic acid and glycine conjugate). More than 77% of urinary
metabolites are formed by a combination of O-demethylation and w-oxidation,
yielding mainly 4-hydroxy-3-methoxycinnamic acid, the glycine conjugates of 3,4dimethoxybenzoic acid, and 3,4-dimethoxycinnamic acid. Metabolites resulting
from the epoxidation pathway account for <1% of the urinary metabolites. The
unchanged parent compound was reported not to occur in the urine of rats
(Solheim & Scheline, 1976).
Data on the metabolism of the structurally related alkoxypropenylbenzene
derivative, trans-anethole, in humans are consistent with data for isoeugenol
methyl ether in animals. In five persons given a single dose of 500 mg (approxi-
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mately 12 mg/kg bw), trans-anethole was metabolized primarily by side-chain oxidation to yield p-methoxybenzoic acid (52%) and p-hydroxybenzoic acid (5%), then
excreted in the urine (LeBourhis, 1973). In 2 men, a single oral dose of 1 mg
of trans-[methoxy-14C]anethole was metabolized primarily by O-demethylation and
b-oxidation of the side-chain. During the first 8 h, approximately 20% of the administered dose was metabolized by O-demethylation and excreted as 14CO2 in
exhaled air. Within 24 h, approximately 60% of the administered dose was metabolized by the b-oxidation pathway and excreted in the urine as p-methoxybenzoic
acid (3.5%) and its glycine conjugate, p-methoxyhippuric acid (56%). Approximately 3% of the administered dose was metabolized via epoxidation to yield a
mixture of diastereomeric diols of 1-(4¢-methoxyphenyl)propane-1,2-diol (Sangster
et al., 1987).
Data acquired from studies in rodents provide additional evidence that the
metabolic fate of alkoxypropenylbenzene derivatives is species-, sex-, dose-, and
time-dependent (Annex 1, reference 137). In the rat, trans-anethole administered
at a low dose is detoxicated by O-demethylation to yield CO2 in expired air and
conjugated phenolic derivatives, which are subsequently excreted in the urine.
Increasing doses of trans-anethole lead to saturation of the O-demethylation
pathway, resulting in use of alternative metabolic pathways, such as w-oxidation
and epoxidation. In mice, increasing doses of trans-anethole result in induction
of an w-oxidation pathway that competes favourably with O-demethylation for
detoxication of trans-anethole, with only extremely small amounts eliminated
via epoxidation. Overall, the data suggest that at low levels of exposure,
alkoxypropenylbenzene derivatives are efficiently detoxicated in rodents and
humans by O-dealkyation and w-oxidation pathways.
2.2.2

Toxicological studies
(a)

Acute toxicity

Oral LD50 values have been reported for six of the nine substances in this group
and are summarized in Table 3. In rats, LD50 values range from 286 mg/kg bw
for isoeugenol (No. 1260) to 4900 mg/kg bw for isoeugenyl benzyl ether (No. 1268)
(Jenner et al., 1964; Bär & Greipentrog, 1967; Keating, 1972; Levenstein &
Wolven, 1972; Moreno, 1973; Piccirillo & Hartman, 1982; Piccirillo, 1984a, b). An
oral LD50 of 1410 mg/kg bw for isoeugenol has also been reported in guinea-pigs
(Jenner et al., 1964). These results show that the acute oral toxicity of hydroxypropenylbenzenes is low.
(b)

Short-term studies of toxicity

In addition to short-term studies with isoeugenol (No. 1260), propenylguaethol
(No. 1264), isoeugenyl methyl ether (No. 1266), and isoeugenyl benzyl ether (No.
1268), the substantial volume of data on short-term toxicity, long-term toxicity and
carcinogenicity that is available for the structurally related substance, transanethole (Annex 1, reference 137 ), is not included in this review. The results of
short-term studies of toxicity are summarized in Table 4.
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Table 3. Studies of acute oral toxicity of hydroxypropenylbenzenes
No.

Flavouring agent

Species

Sex

LD50 (mg/
kg bw)

Reference

1162
1163

Mintlactone
Dehydromenthofurolactone

Rat
Rat

M, F
M, F

530a
2253

1165

Sclareolide

Rat

M, F

>5000

1166
1166
1166
1168
1169
1169
1170
1170
1171
1171
1171
1171
1172
1172
1172
1172

Octahydrocoumarin
Octahydrocoumarin
Octahydrocoumarin
3-Propylidenephthalide
3-n-Butylphthalide
3-n-Butylphthalide
3-Butylidenephthalide
3-Butylidenephthalide
Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
Dihydrocoumarin
6-Methylcoumarin
6-Methylcoumarin
6-Methylcoumarin
6-Methylcoumarin

Rat
Rat
Rat
Rat
Mouse
Rat
Rat
Rat
Mouse
Rat
Rat
Guinea-pig
Mouse
Rat
Rat
Rat

M, F
NR
M, F
NR
NR
NR
NR
NR
M, F
M, F
M
M, F
NR
NR
NR
M, F

3302
3900
3840
1650
1850
2450
1850
2200
1010
1460
1650
1760
3050
465
1680
844

Collier (1982)
Reagan & Becci
(1984)
Lewis & Palanker
(1979)
Buch (1981)
Moreno (1978)
BASF (1976)
Moreno (1975)
Pellmont (1970)
Moreno (1976)
Moreno (1980)
Posternak (1965)
Levenstein (1953)
Jenner et al. (1964)
Moreno (1972)
Jenner et al. (1964)
Levenstein (1954)
Feuer (1974)
Moreno (1973)
Serota (1984)

M, male; F, female; NR, not reported
a
Dose converted to mg/kg using specific gravity of 1.06

(i)

Isoeugenol (No. 1260)

Mice
In a preliminary report on a 14-week study performed by the National Toxicology Program, groups of 10 male and 10 female B6C3F1 mice were given
isoeugenol at a dose of 0, 37.5, 75, 150, 300, or 600 mg/kg bw per day in corn oil
by gavage. General health, body weight and clinical observations were recorded
weekly. At the end of the study, necropsies were performed on all animals and
selected organs were weighed. A complete histopathological evaluation was conducted. No clinical signs of toxicity were reported in any of the treated animals
throughout the study, and all animals survived the duration of the study. At termination, a 14% decrease in mean body weight was reported in males given
isoeugenol at a dose of 600 mg/kg bw per day, as compared with the controls. In
the absence of a dose-related response, the small magnitude of change observed
in the absolute and relative liver weights of the treated animals compared with controls led the authors to conclude that these changes were not treatment related.
Minimal to moderate degeneration of the olfactory epithelium degeneration was
observed in all males and females at 600 mg/kg bw per day. This was accompanied by olfactory nerve fiber degradation in five males and eight females at this
dose. The finding of hyperplasia of the forestomach squamous epithelium at all

Isoeugenyl methyl ether

Isoeugenyl benzyl ether

1266

1268

Rat; M, F

Rat; M, F

Rat; M, F

Rat; M, F

Rat; M, F

Rat; M, F

Mouse; M, F

Species; sex

3/20

1/48

3/32

3/20

1/10

5/20

5/20

No. of test
groupsa/
no. per groupb

Gavage

Diet

Diet

Gavage

Gavage

Gavage

Gavage

Route

28

90

28

29

112

98

98

Duration
(days)

National Toxicology
Program (2002)
Hagan et al. (1967)

F: 37.5c
M: <37.5c
1000d

Osborne (1981)
Boe et al. (1989)

6d
60

Purchase et al. (1992)

100

Terrill (1991)

National Toxicology
Program (2002)

300c

250

Reference

NOEL (mg/kg bw
per day)

M, male; F, female
a
Total number of test groups does not include control animals
b
Total number per test group includes both male and female animals
c
NOEL based on limited information obtained from the National Toxicology Program Preliminary Report (2002)
d
Study performed with either a single dose or multiple doses that produced no effect. The value is therefore not a true NOEL, but is the highest
dose tested that produced no adverse effects. The actual NOEL may be higher

Propenylguaethol

Isoeugenol

1260

Isoeugenyl methyl ether

Isoeugenol

1260

1264

Isoeugenol

1260

1266

Flavouring agent

No.

Table 4. Results of short-term studies of toxicity with hydroxypropenylbenzenes
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doses was considered ambiguous owing to the low incidence, low severity
(minimal to mild), and the absence of a dose-related response (National Toxicology Program, 2002).
Rats
In a preliminary report on a 14-week study performed by the National Toxicology Program, groups of 10 male and 10 female Fischer 344 rats were given
isoeugenol at a dose of 0, 37.5, 75, 150, 300, or 600 mg/kg bw per day in corn oil
by gavage. Body weights and clinical observations were recorded weekly. At termination, evaluations of haematology and clinical chemistry were conducted. All
animals were necropsied, and selected organs were weighed. Survival, general
health and behaviour of the treated animals were similar to those of the controls
throughout the study. A decrease of 10–15% in mean body weights was reported
in males at 600 mg/kg bw compared with controls. In a special study, groups of 10
male and 10 female rats were given isoeugenol at same doses listed above by
gavage for 4 weeks and 2 days. The rats were killed on day 31. Serum gastin
concentrations, stomach pH and hepatic CYP1A1 and CYP2B analysis were
performed and results were comparable to those for control groups. Microscopic
examination of the stomachs revealed no treatment related changes. A significant
(p £ 0.01) increase in absolute and relative liver weights was reported in females
at 600 mg/kg bw per day. No treatment-related neoplastic lesions were reported.
Non-neoplastic lesions were limited to centrilobular hyperplasia of the liver in seven
females at 300 kg bw per day and in nine females at 600 mg/kg bw per day. Minimal
to mild olfactory epithelial degeneration, as classified by the authors, was found in
all treated animals of both sexes, with the exception of females at 37.5 mg/kg bw
per day (National Toxicology Program, 2002).
Groups of five male and five female weanling Osborne-Mendel rats were given
diets containing isoeugenol at a concentration of 10 000 ppm for 16 weeks. The
corresponding average daily intake dwas calculated to be 1000 mg/kg bw per day
(Food & Drug Administration, 1993). No significant differences in general health
and behaviour were reported in the treated animals compared with the controls.
Weekly measurements of body weight and food consumption revealed no differences between treated and control groups. Haematological examinations performed at termination showed no treatment-related effects in any of the treated
animals. No effects on organ weights were observed nor were there any macroscopic or microscopic changes in the tissues due to isoeugenol (Hagan et al.,
1967).
(ii)

Propenylguaethol (No. 1264)

Groups of 10 male and 10 female Sprague-Dawley rats were given propenylguaethol at a dose of 0, 250, 1250, or 2500 mg/kg bw per day twice daily for 29
days by gavage in a 1% solution of methyl cellulose (Terrill, 1991). Animals were
monitored twice daily for mortality and moribundity, and body weights, food consumption and detailed clinical observations were recorded weekly. Blood samples
were obtained for evaluation of clinical chemistry and haematological parameters
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(1) at initiation of the study, from 10 animals randomly selected from a pool of available animals that had been fasted overnight; and (2) before termination of the
study, from animals were injected with ketamine. At necropsy, major organs (i.e.
brain, liver, heart, kidneys, thymus, testes with epididymides, thyroids with parathyroids, adrenals, ovaries, and pituitary) were removed, weighed, and tissues were
preserved in 10% formalin. All tissues from the control group and the group receiving the highest dose, and tissues from the heart, liver, kidneys, and gross lesions
from groups receiving the lowest and intermediate doses were preserved for examination by microscopy.
All animals survived to study termination. No differences in body weight or
food consumption were reported in any of the treated animals when compared
with the controls. Haematological examinations revealed a significant increase in
platelet count in females at the intermediate (1250 mg/kg bw per day) and highest
dose (2500 mg/kg bw per day). Total serum protein and g-glutamyl transferase
activity were increased in both sexes at the highest dose and in females at
the intermediate dose. Increased concentrations of serum albumin were also
reported in both sexes at the intermediate and the highest dose. Slight but statistically significant decreases in blood urea nitrogen concentrations were observed
in females at the highest dose. A significant (p £ 0.05) increase in relative liver and
kidney weights were reported at the intermediate and the highest dose compared
with the control animals. Significant increases (p £ 0.05) in absolute liver weight
occurred in male and female rats at the highest dose. Only males at the highest
dose exhibited a significant increase (p £ 0.05) in absolute kidney weights. The
increases in organ weights were not accompanied by any treatment-related
histopathological changes. No treatment-related effects were reported in the
animals receiving propenylguaethol at the lowest dose (250 mg/kg bw per day)
(Terrill, 1991).
(iii)

Isoeugenyl methyl ether (No. 1266)

Groups of 16 male and 16 female Sprague-Dawley rats were given diets containing isoeugenol methyl ether at concentrations providing daily intakes of 0, 30,
100 or 300 mg/kg bw for 28 days (Purchase et al., 1992). No differences in general
health and behaviour were reported in the treated animals. Weekly food intake and
measurements of body-weight gain in the treated groups were similar those of the
controls throughout the study. The urine, haematological and serum analyses conducted at the conclusion of the study did not reveal any treatment-related effects.
A significant (p < 0.001) increase in relative liver weights was reported in male and
female animals at 300 mg/kg bw per day, whereas significantly increased (p < 0.01)
absolute liver weights were reported only in males at the highest dose. At 300
mg/kg bw per day, alanine aminotransferase activity was significantly elevated in
females. In addition, multifocal parenchymal necrosis was observed in the liver of
one female at 300 mg/kg bw per day. The authors did not attribute the increased
relative liver weights to hepatotoxicity in view of the lack of accompanying treatment-related histopathological findings in males and females at 300 mg/kg bw per
day. No treatment-related effects were reported in the animals given isoeugenol
methyl ether at a dose of 100 mg/kg bw (Purchase et al., 1992).
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Groups of 24 male and 24 female Crl : CD(SD)BR albino rats were fed diets
containing isoeugenyl methyl ether at a dose of 6 mg/kg per day for 13 weeks. All
animals were observed twice daily throughout the study for mortality and signs of
toxicity. Evaluations of haematological and blood chemistry parameters and urine
analyses were performed on randomly selected rats (12 of each sex per dose) at
weeks 6 and 12. No toxicologically significant variations in any of the parameters
examined were reported between treated animals and controls. Weekly measurements of body weights and food consumption revealed no significant differences
between test animals and controls. At necropsy, gross and histopathological
examinations revealed no lesions that could be associated with administration
of the isoeugenyl methyl ether. Statistically significant variations in organ weights
of treated animals compared with the controls were limited to reduced absolute
thyroid weights in males and females, and reduced relative weights of both lobes
in females and the right lobe in males; however, these differences were not associated with any morphological changes and consequently, were considered by the
authors not to be toxicologically significant (Osborne, 1981).
(iv)

Isoeugenyl benzyl ether (No. 1268)

Groups of 10 male and 10 female Wistar rats were given isoeugenyl benzyl
ether at a dose of 0, 60, 120, or 240 mg/kg bw per day for 28 days by gavage in
soybean oil. The rats were observed twice per day, and body weight, and food and
water intake were recorded weekly. Haematological and clinical chemistry analyses were performed on eight rats of each sex per group on days 21 or 22 of
treatment. At necropsy, histopathological examination of tissues revealed no doserelated changes. A significant decrease in body weight and in blood urea was
reported in females at 120 mg/kg bw per day and in both sexes at 240 mg/kg bw
per day. Furthermore, plasma glucose concentrations were significantly reduced
in both sexes at 120 and 240 mg/kg bw per day. At the highest dose (240 mg/kg
bw per day), this was accompanied by significantly increased relative liver weights
in males and females, and significantly increased absolute liver weights in females.
No treatment-related effects were observed at 60 mg/kg bw per day (Boe et al.,
1989).
(c)

Genotoxicity

Four representative members (Nos 1260, 1263, 1264, and 1268) of the group
of hydroxypropenylbenzenes have been tested for genotoxicity in vitro (see
Table 5).
In vitro
Negative results were reported in the standard Ames assay when various
strains of Salmonella typhimurium (TA97, TA98, TA100, TA102, TA1535, TA1537,
TA1538) were incubated with isoeugenol (No. 1260) (Hsia et al., 1979; Rockwell
& Raw, 1979; Douglas et al., 1980; Florin et al., 1980; Sekizawa & Shibamoto,
1982; DeGraff, 1983; Mortelmans et al., 1986; Fujita & Sasaki, 1987; Heck et al.,
1989), isoeugenyl phenylacetate (No. 1263) (Wild et al., 1983), propenylguaethol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

1260

1260

1260

1260

1260

1260

1260

1260

Flavouring agent

1260

In vitro

No.

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

Reverse mutation

End-point

1000 mg/plate

£0.5 mg/plate
(500 mg/plate)

S. typhimurium
TA97 and TA102
S. typhimurium TA98,
TA100, TA1535, TA1537,
TA1538

£800 mg/plate

1.0 ml/plate
(1082 mg/plate)b

60, 120, and
300 mg/plate

0.8 mg/plate
(800 mg/plate)

3 mmol/plate
(493 mg/plate)c

0.05–100 ml/plate
(54.1–108 200 mg/
plate)b

2, 20, and
200 mg/plate

Concentration or
dose

S. typhimurium
TA97, TA98, TA100,
TA1535, TA1537

S. typhimurium
TA98, TA100, TA1535,
TA1537, TA1538

S. typhimurium
TA98, TA100, TA1535,
TA1537, TA1538

S. typhimurium TA98,
TA100, TA1535, TA1537,
TA1538

S. typhimurium
TA98, TA100, TA1535,
TA1537

S. typhimurium TA98 and
TA100

S. typhimurium TA98, TA100,
TA1535, TA1537, TA1538

Test system

Table 5. Results of studies of genotoxicity with hydroxypropenylbenzenes

Sekizawa & Shibamoto
(1982)
DeGraff (1983)

Mortelmans et al. (1986)

Fujita & Sasaki (1987)
Heck et al. (1989)

Negatived

Negatived

Negatived

Negatived
Negatived

Florin et al. (1980)

Negatived

Douglas et al. (1980)

Rockwell & Raw (1979)

Negativea

Negative

Hsia et al. (1979)

Reference

Negativea
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£ 3.6 mg/plate
(3600 mg/plate)
£30 mg/ml

Rat hepatocytes
S. typhimurium TA1535,
TA1537, TA1538, TA98 and
TA100
Rat hepatocytes

Unscheduled DNA
synthesis

Unscheduled DNA
synthesis

Reverse mutation

Unscheduled DNA
synthesis

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenol

Isoeugenyl
phenylacetate

Isoeugenyl
phenylacetate

Propenylguaethol

1260

1260

1260

1260

1263

1263

1264

Reverse mutation

Sister chromatid
exchange

Sister chromatid
exchange

DNA repair

S. typhimurium TA1535,
TA1537, TA1538, TA98 and
TA100

Mouse hepatocytes

Human lymphocytes

Chinese hamster ovary cells

B. subtillis H 17 (rec+) and
M 45 (rec-)

B. subtillis H 17 (rec+) and
M 45 (rec-)

£3.6 mg/plate
(3600 mg/plate)

£ 1000 mmol/l
(164.2 mg/ml)c

£1000 mmol/l
(164.2 mg/ml)c

0.5 mmol/l
(82 mg/ml)c

10, 33.3, and
100 mmol/l (1.64,
5.47, and
16.42 mg/ml)c

0.8 mg/disk
(800 mg/disk)

22.0 mg/disk

60, 120, and
300 mg/plate

1260

DNA repair

E. coli WP2uvrA

Isoeugenol

Point mutation

1260

Concentration or
dose

Isoeugenol

Test system

1260

End-point

Flavouring agent

No.

Table 5. (contd)

Sasaki et al. (1989)

Negativee

San & Reece (2003)
Wild et al. (1983)

Negatived

Wild et al. (1983)

Negatived

Negative

Burkey et al. (2000)

Burkey et al. (2000)
Negative

Negative

Jansson et al. (1986)

Sekizawa & Shibamoto
(1982)

Negativee

Positive

Oda et al. (1979)

Sekizawa & Shibamoto
(1982)

Negatived
Negative

Reference

Results
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Propenylguaethol

Propenylguaethol

Propenylguaethol

Propenylguaethol

Isoeugenyl
benzyl ether

Isoeugenyl
benzyl ether

1264

1264

1264

1264

1268

1268

Isoeugenyl
phenylacetate

Isoeugenyl
phenylacetate

Propenylguaethol

1263

1263

1264

In vivo

Flavouring agent

No.

Table 5. (contd)

Sex linked recessive
lethal chromosomes

Micronucleus
induction

Sex linked recessive
lethal chromosomes

Unscheduled DNA
synthesis

Reverse mutation

Unscheduled DNA
Synthesis

Forward mutation

Forward mutation

Reverse mutation

End-point

D. melanogaster

Mouse

D. melanogaster

Rat hepatocytes

S. typhimurium
TA1535, TA1537, TA1538,
TA98 and TA100

Rat primary hepatocytes

Mouse lymphoma L5178Y
TK +/- cells

S. typhimurium TA98,
TA100, TA1535, TA1537,
TA1538
Mouse lymphoma L5178Y
TK +/- cells

Test system

10 mmol/l
(1782 mg/ml)k

564 987, and
1410 mg/kg

25 mmol/l
(7059 mg/ml)g

£20 mg/ml

£3.6 mg/plate
(3600 mg/plate)

1.01–50.4 mg/ml

7.81 to 125 mg/ml

1.875 to 100 mg/ml

£1000 mg/plate

Concentration or
dose

Wild et al. (1983)
Wild et al. (1983)
Wild et al. (1983)

Negativei,j
Negativeh

San & Reece (2003)

Negativeh

Negative

Wild et al. (1983)

Cifone (1983)

Negativee,f

Negatived

Cifone (1983)

Positivea,f

Cifone (1988)

Jagannath (1982)

Negatived

Negative

Reference

Results
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Isoeugenyl benzyl
ether

Isoeugenyl benzyl
ether

1268

1268

l

k

j

i

h

g

f

e

d

c

b

Micronucleus
induction

Micronucleus
induction
Sex linked recessive
lethal chromosomes

End-point

Mouse

D. melanogaster

Mouse

Test system

508, 1016, and
1524 mg/kg bw

649, 1298, and
1947 mg/kg bw
2.5 mmol/l
(636 mg/ml)l

Concentration or
dose

With metabolic activation
Calculated based on density = 1.079 to 1.085 g/ml (Food Chemicals Codex, 1996)
Calculated based on relative molecular mass = 164.2
With and without metabolic activation
Without metabolic activation
With concomitant cytotoxicity
Calculated based on the relative molecular mass of ioseugenyl phenylacetate = 282.34
Administered orally
Administered twice within 24 h
Administered intraperitoneally
Calculated based on relative molecular mass of propenylguaethol = 178.23
Calculated based on relative molecular mass of isoeugenyl benzyl ether = 254.33

Propenylguaethol

1264

a

Flavouring agent

No.

Table 5. (contd)
Reference

Wild et al. (1983)
Wild et al. (1983)
Wild et al. (1983)

Results

Negativej
Negativeh
Negativei,j
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(No. 1264) (Jagannath, 1982; Wild et al., 1983), or isoeugenol benzyl ether (No.
1268) (Wild et al., 1983) at concentrations of up to 100 ml/plate (108 200 mg/plate)5,
with and without metabolic activation.
Isoeugenol did not exhibit mutagenic potential at a concentration of up to 300
mg/plate, with and without metabolic activation, in an assay for point mutations in
Escherichia coli (Sekizawa & Shibamoto, 1982). In an assay for DNA repair in
Bacillus subtilis, isoeugenol displayed no evidence of genotoxic potential at a
concentration of 22 mg/disk (Oda et al., 1979). In a subsequent study, no significant genotoxic effects were observed with isoeugenol at a higher concentration
(800 mg/disk), with dimethylsulfoxide as solvent. Inconclusive results were obtained
when ethanol was used as the solvent, due to varying growth rates in the tester
strains (Sekizawa & Shibamoto, 1982). Therefore, isoeugenol is negative in the B.
subtilis rec assay.
Isoeugenol gave negative results in an assay for chromatid breaks and sister
chromatid exchanges in Chinese hamster ovary cells (Sasaki et al., 1989), but
caused an increase in sister chromatid exchanges in human lymphocytes, albeit
at a high concentration (0.5 mmol/l (82 mg/ml))6 (Jansson et al., 1986). Such effects
may be produced by test substances at concentrations that produce high levels of
cytotoxicity, involving lysosomal breakdown and release of DNAase, rather than
by the direct action of the test substance on DNA (Zajac-Kaye & Ts’o, 1984; Bradley
et al., 1987).
Uniformly negative results were reported for isoeugenol (Burkey et al., 2000)
and propenylguaethol (Cifone, 1988) at concentrations of up to 1000 mmol/l
(164.2 mg/ml)6 in assays for unscheduled DNA synthesis conducted in mouse and
rat hepatocytes. In studies in primary cultures of rat hepatocytes, isoeugenol
phenylacetate (1–30 mg/ml) and isoeugenyl benzyl ether (1.25–20 mg/ml) did not
induce unscheduled DNA synthesis (San & Reece, 2003).
Propenylguaethol induced an increase in mutations when incubated with
L5178Y Tk +/- mouse lymphoma cells (the mouse lymphoma assay), but only in the
presence of metabolic activation (Cifone, 1983). The results for simple aliphatic
and aromatic substances in the presence of metabolic activation do not agree with
the results of other standardized assays for genotoxicity. This test, which has poor
selectivity for genotoxicity, is sensitive to culture conditions of low pH and high
osmolality (Caldwell, 1993). Substances (aromatic ethers, phenols, aldehydes,
carboxylic acids, lactones) that have a potentially acidifying or ionizing influence
on the culture medium have been shown to produce false positive results in this
and other assays (Heck et al., 1989).
In vivo
Data from studies conducted in vivo support the conclusion that hydroxypropenylbenzene and alkoxypropenylbenzene derivatives do not have any sig-

5
6

Calculated based on density of isoeugenol = 1.082 g/ml (Sigma-Aldrich)
Calculated based on the relative molecular mass of isoeugenol = 164.2
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nificant genotoxic potential. Isoeugenyl phenylacetate, propenylguaethol, and
isoeugenyl benzyl ether did not induce sex-linked recessive lethal mutations in
male Drosophila melanogaster when administered orally at a dose of 25, 10, or
2.5 mmol/l, respectively (Wild et al., 1983). Furthermore, there was no evidence of
an increase in the incidence of polychromatic mononucleated erythrocytes in standardized assays for micronucleus formation in cells from mice given isoeugenyl
phenylacetate, propenylguaethol or isoeugenyl benzyl ether at doses of up to
1410, 1947, and 1524 mg/kg bw, respectively, by injection (Wild et al., 1983).
(d)

Reproductive toxicity
(i)

Propenylguaethol (No. 1264)

Four groups of ten virgin Crl : CD rats were given propenylguaethol at an oral
dose of 0, 250, 1250, or 2500 mg/kg bw by gavage in a 1% solution of methylcellulose once daily, beginning 7 days before cohabitation, throughout cohabitation
(maximum of 7 days), gestation, delivery, and until 4 days after parturition. Maternal indices monitored included daily clinical observation, measurement of body
weights, food consumption, duration of gestation and fertility parameters (mating
and fertility index, gestation index, number of offspring per litter). Offspring indices
monitored included daily observation for clinical signs of toxicity, examination for
gross external malformations, and measurements of mortality (number of stillborns), viability (pups dying on postnatal days 1–4), body weight and body-weight
gain.
Maternal deaths occurred at 1250 mg/kg bw per day (1 out of 10) and 2500
mg/kg bw per day (2 out of 10). Additional clinical observations in the rats that died
included decreased motor activity, impaired or loss of righting reflex, a red substance in the vaginal area, loss of righting reflex, chromodacryorrhoea, dystocia,
and laboured breathing. During the premating period, a significant incidence of
abnormal coloured urine was observed at 1250 and 2500 mg/kg bw per day. Urinestained fur was observed at significant levels of incidence at the lowest (250 mg/kg
bw per day) and highest (2500 mg/kg bw per day) doses during the premating and
gestation periods. Excess salivation was observed in a significant number of rats
at all doses during the premating and gestation periods, as well as during lactation in rats receiving the highest dose. Reduced body-weight gain and food consumption values were reported at 2500 mg/kg bw per day during gestation and
increased body weight values were reported during lactation compared with the
control group.
The lack of biologically important or statistically significant differences among
the treated groups with regard to size of live litters, pup sex ratios, body weights,
viability and morphology indicates that propenylguaethol does not affect the
viability and growth of offspring at the same high doses that produce adverse
maternal effects. On the basis of these results, the authors did not consider
that propenylguaethol adversely affected reproduction or development in rats. The
NOEL for propenylguaethol for maternal reproductive effects was <250 mg/kg bw
per day, and the NOEL for developmental effects was reported as >2500 mg/kg bw
per day (Hoberman, 1990).
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The Committee evaluated 12 flavouring agents that included simple aliphatic
and aromatic sulfides and thiols (see Table 1) by the Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1, Introduction).
At its fifty-third meeting, the Committee evaluated 137 other members of this
chemical group of flavouring agents (Annex 1, reference 143). The group was
divided into 12 subgroups on the basis of the position of the sulfur atom, in order
to facilitate the assessment of the relevant data on metabolism and toxicity. All 137
substances in that group were concluded to be of no safety concern on the basis
of currently estimated levels of intake.
Of the 12 additional flavouring agents considered in this monograph addendum, six agents are thiols with oxidized side chains (subgroup v) (Nos 1289–1294)
and contain an additional alcohol, aldehyde, ketone, or ester functional group. Two
agents are acyclic sulfides with oxidized side-chains (subgroup ii) (Nos 1297 and
1298) in which an alcohol or ester functional group is present. The remaining four

– 419 –

No.

CAS No. and
structure

Subgroup iii—Cyclic sulfides
Structural class III
spiro(2,4-Dithia-1-methyl-8oxabicyclo(3.3.0)octane-3,3¢(1¢-oxa-2¢-methyl)cyclopentane)

Ethyl 5-(methylthio)valerate

1296

1298

O

S

S

38325-25-6

S

O

OH

233665-98-0

S

Subgroup ii—Acyclic sulfides with oxidized side chains
Structural class I
2-(Methylthio)ethanol
1297 5271-38-5

Flavouring agent

O
O

No
Europe: ND
USA: 2

No
Europe: 2
USA: 2

No
Europe: 1
USA: 0.9

Step B3 d
Does intake
exceed the
threshold for
human intake?

Yes. The NOEL of 25 mg/kg
bw per day for spiro(2,4-dithia1-methyl-8-oxabicyclo(3.3.0)octane3,3¢-(1¢-oxa-2¢-methyl)cyclopentane) is >100 000 times
the estimated daily intake when
used as a flavouring agent

Yes. The NOEL of 1.4 mg/kg bw
per day (Cox et al., 1979) for the
related substance 2(methylthiomethyl)-3phenylpropenal (No. 505) is
>10 000 times the estimated daily
intake of ethyl 5(methylthio)valerate when used
as a flavouring agent

Yes. The NOEL of 1.4 mg/kg
bw per day (Cox et al., 1979)
for the related substance
2-(methylthiomethyl)-3phenylpropenal (No. 505) is
>10 000 times the estimated daily
intake of 2-(methylthio)ethanol
when used as a flavouring agent

Step B4
Adequate margin of safety
for substances or related
substances?

See notes
10, 1 and 3

See notes 5
and 7

See notes 7
and 2

Comments
on predicted
metabolism

Table 1. Summary of safety evaluations of simple aliphatic and aromatic sulfides and thiols used as flavouring agentsa,b,c

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake

No.

1-ol (racemic)

227456-27-1

1291

3-Mercapto-2-methylpentan-

SH

OH

HS

258823-39-1

1290

(±)2-Mercapto-2methylpentan-1-ol

OH

CAS No. and
structure

Subgroup v—Thiols with oxidized side chains
Structural class I
erythro- and threo-3-Mercapto- 1289
SH
2-methylbutanol

Flavouring agent

Table 1. (contd)

OH

Europe: 1
USA: 0.7

No

No
Europe: 3
USA: 4

No
Europe: 1
USA: 2

Step B3 d
Does intake
exceed the
threshold for
human intake?

See notes 1
and 2

Comments
on predicted
metabolism

bw per day (Cox et al., 1974) for
the related substance 2-mercapto3-butanol (No. 546) is >10 000
times the estimated daily intake of
3-mercapto-2-methylpentan-1-ol
(racemic) when used as a
flavouring agent

and 2

Yes. The NOEL of 0.7 mg/kg
See notes 1
bw per day (Cox et al., 1974) for
and 2
the related substance 2-mercapto3-butanol (No. 546) is >10 000 times
the estimated daily intake of (±)2mercapto-2-methylpentan-1-ol when
used as a flavouring agent
Yes. The NOEL of 0.7 mg/kg
See notes 1

Yes. The NOEL of 0.7 mg/kg
bw per day (Cox et al., 1974) for
the related substance 2-mercapto3-butanol (No. 546) is >10 000
times the estimated daily intake
of erythro- and threo-mercapto-2methylbutan-1-ol when used as a
flavouring agent

Step B4
Adequate margin of safety
for substances or related
substances?

concern

No safety

No safety
concern

No safety
concern

Conclusion
based
on current
intake

No.

1292

1293

1294

Flavouring agent

3-Mercapto-2-methylpentanal

4-Mercapto-4-methyl-2pentanone

(±)Ethyl 3-mercaptobutyrate

Table 1. (contd)

O

O

O

156472-94-5

SH O

19872-52-7

SH

227456-28-2

CAS No. and
structure

SH

H

No
Europe: 4
USA: 4

No
Europe: 0.01
USA: 0.02

No
Europe: 3
USA: 4

Step B3 d
Does intake
exceed the
threshold for
human intake?

Yes. The NOEL of 0.7 mg/kg bw
per day (Cox et al., 1974) for the
related substance 2-mercapto-3butanol (No. 546) is >10 000 times
the estimated daily intake of
(±)ethyl 3-mercaptobutyrate when
used as aflavouring agent

Yes. The NOEL of 1.9 mg/kg bw
per day (Morgareidge, 1971) for the
related substance 3-mercapto-2pentanone (No. 560) is >10 000
times the estimated daily intake of
4-mercapto-4-methyl-2-pentanone
when used as a flavouring agent

Yes. The NOEL of 0.7 mg/kg
bw per day (Cox et al., 1974) for
the related substance 2-mercapto3-butanol (No. 546) is >10 000
times the estimated daily intake of
3-mercapto-2-methylpentenal
when used as a flavouring agent

Step B4
Adequate margin of safety
for substances or related
substances?

See notes 1
and 5

See notes 1
and 3

See notes 1
and 4

Comments
on predicted
metabolism

No safety
concern

No safety
concern

No safety
concern

Conclusion
based
on current
intake

No.

S

S

42474-44-2

Subgroup xi—Thioesters
Structural class I
Ethyl 4-(acetylthio)butyrate

1295

S
S

O

O

104228-51-5

S

S

CAS No. and
structure

Subgroup ix—Trisulfides and polysulfides
Structural class I
Diisopropyl trisulfide
1300 5943-34-0

Subgroup vii—Simple disulfides
Structural class I
2,3,5-Trithiahexane
1299

Flavouring agent

Table 1. (contd)

S
O

No
Europe: 4
USA: 4

No
Europe: 0.006
USA: 0.007

No
Europe: 0.03
USA: 0.04

Step B3 d
Does intake
exceed the
threshold for
human intake?

Yes. The NOEL of 6.5 mg/kg bw
per day (Shellenberger, 1970)
for the related substance
ethylthioacetate (No. 483) is
>10 000 times the estimated daily
intake of ethyl 4-(acetylthio)butyrate
when used as a flavouring agent

Yes. The NOEL of 4.8 mg/kg bw
per day (Morgareidge & Oser,
1970) for the related substance
dipropyltrisulfide (No. 585) is
>100 000 times the estimated
daily intake of diisopropyl trisulfide
when used as a flavouring agent

Yes. The NOEL of 0.3 mg/kg bw
per day for the related substance
3-methyl-1,2,4-trithiane (No. 574)
(Mondino, 1981) is >10 000 times
the estimated daily intake of 2,3,5trithiahexane when used as a
flavouring agent

Step B4
Adequate margin of safety
for substances or related
substances?

Conclusion
based
on current
intake

See notes 1, No safety
5 and 6
concern

See notes 7, No safety
8 and 9
concern

See notes 7, No safety
8 and 9
concern

Comments
on predicted
metabolism

Notes:
1. Sulfur is expected to be oxidized to sulfonic acid, undergo alkylation and conjugation followed by excretion
2. The hydroxy group is expected to undergo oxidation to the carboxylic acid
3. The ketone group is expected to be reduced to the alcohol, conjugated and subsequently excreted
4. The aldehyde group is expected to be oxidized to the corresponding carboxylic acid, conjugated and subsequently excreted
5. The ester is expected to undergo hydrolysis to the corresponding carboxylic acid and alcohol
6. The thioester is expected to undergo hydrolysis to acetate and the corresponding thiol, which will be further oxidized
7. The sulfur is expected to be oxidized to the sulfoxide and sulfone
8. The di- or trisulfides are expected to be reduced to free thiols
9. Free thiols may form mixed disulfides with glutathione or cysteine
10. Thioketal will hydrolyse to liberate the corresponding ketone and dithiol

CAS, Chemical Abstracts Service; ND, no data on intake reported
a
One hundred and thirty-seven (137) flavouring agents in this group were previously evaluated by the Committee (Annex 1, reference 144). To facilitate
the evaluations, the group was divided into 12 subgroups based on the position of the sulfur atom. The subgroup designations are indicated in the table
b
Step 1: Eleven flavouring agents are in structural class I and one (No. 1296) is in structural class III
c
Step 2: All of the agents in this group cannot be predicted to be metabolized to innocuous products
d
The threshold for human intake for structural class I, II and III are 1800, 540 and 90 mg/day, respectively. All intake values are expressed in mg/day. The
combined per capita intake of the 11 flavouring agents in structure class I is approximately 21 mg per day in Europe and 24 mg per day in the USA. The
combined per capita intake of the remaining flavouring agent in structural class III is 2 mg per day in the USA. The cumulative per capita intake for the
amended group as a whole including the 137 substances in the original evaluation and the 12 additional substances is 1181 and 1034 mg/person per
day in Europe and the USA, respectively

Notes to Table 1
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substances are a thioester (subgroup xi) (No. 1295), a disulfide (subgroup vii) (No.
1299), a trisulfide (subgroup ix) (No. 1300) and a cyclic sulfide (subgroup iii) (No.
1296). None of these agents has been evaluated previously.
Seven of the 12 flavouring agents in this group are naturally occurring components of food (Nos 1291–1294, 1297, 1299, 1300) and have been detected in
onions, fruits, broccoli, cabbage, cauliflower, hop oil, wine, fish and cheese (Darriet
et al., 1995; Private communication to FEMA, 1996–2002; Maarse et al., 1999;
Kendrick, 2000).
1.2

Estimated daily intake

The total annual volume of production of the 12 simple aliphatic and aromatic
sulfides and thiols is approximately 150 kg in Europe and in the USA (Private communication to FEMA, 1996–2002; Lucas et al., 1999). The daily per capita intake
of each agent is reported in Table 1. Annual volumes of production of this group
of flavouring agents are summarized in Table 2.
1.3

Absorption, distribution, metabolism and elimination

All of the sulfur-containing flavouring agents considered in this addendum are
of low relative molecular mass and are sufficiently lipophilic to be absorbed. These
flavouring agents are expected to be metabolized through various pathways,
described below and in the previous evaluation by the Committee (Annex 1,
reference 143).
Thiols with oxidized side-chains (Nos 1289–1294)
The metabolism of thiols with oxidized side-chains is predicted to involve a
combination of pathways for simple thiols together with further oxidation or conjugation of the oxidized side-chain. Metabolic options for simple thiols include oxidation to form unstable sulfenic acids (RSOH) which are oxidized to sulfinic acids
(RSO2H), undergo methylation to yield methyl sulfides which then form sulfoxides
and sulfones, react with endogenous thiols to form mixed disulfides, are conjugated with glucuronic acid, or undergo oxidation of the a-carbon which results in
desulfuration and the formation of an aldehyde (Dutton & Illing, 1972; McBain &
Menn, 1969; Maiorino et al., 1988; Richardson et al., 1991).
Acyclic sulfides with oxidized side-chains (Nos 1297 and 1298)
The presence of oxygenated functional groups, such as an alcohol (No. 1297)
or ester (No. 1298), provides additional sites for biotransformation of sulfides
(thioethers), and the presence of these polar sites would result in increased renal
excretion of these agents. The biotransformation of such oxygenated groups is
well characterized and has been described for groups of flavouring agents evaluated previously by the Committee (Annex 1, references 131, 132, 138, 144). Simultaneous metabolism of sulfur and oxygenated functional groups has been reported
for various substrates (Fatih et al., 1988; Gachon et al., 1988; Feng & Solsten,
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Table 2. Annual volumes of production of simple aliphatic and aromatic
sulfides and thiols used as flavouring agents
Agent (No.)

Most recent
annual
volume
(kg)a

Intakeb
(“eaters only”)

Annual
volume in
naturally
occurring
foods (kg)d

Consumption
ratioe

erythro and threo-Mercapto-2-methylbutan-1-ol (1289)
Europe
10
1
0.02
USA
10
2
0.03

-

NA

(±)2-Mercapto-2-methylpentanol (1290)
Europe
20
3
0.05
USA
20
4
0.06

-

NA

3-Mercapto-2-methylpentan-1-ol (racemic) (1291)
Europe
10
1
0.02
USA
4
0.7
0.01

+f

NA

3-Mercapto-2-methylpentanal (1292)
Europe
20
3
0.05
USA
20
4
0.06

+f

NA

4-Mercapto-4-methyl-2-pentanone (1293)
Europej
0.1
0.01
0.0002
USAj
0.1
0.02
0.0003

+g

NA

mg/day

mg/kg bw
per day

Intake of
alcohol
equivalents
mg/kg bw
per dayc

(±)Ethyl 3-mercaptobutyrate (1294)
Europe
25
4
USA
25
4

0.06
0.07

0.02
0.02

+h

NA

Ethyl 4-(acetylthio)butyrate (1295)
Europe
25
4
USA
25
4

0.06
0.07

0.01
0.02

-

NA

spiro(2,4-Dithia-1-methyl-8-oxabicyclo(3.3.0)octane-3,3¢-(1¢-oxa-2¢-methyl)cyclopentane
(1296)
Europe
ND
ND
ND
USAi
14
2
0.04
NA
2-(Methylthio)ethanol (1297)
Europe
8
1
USA
5
0.9

0.02
0.01

Ethyl 5-(methylthio)valerate (1298)
2
Europe
15
USA
10
2

0.04
0.03

2,3,5-Trithiahexane (1299)
Europek
0.2
USAk
0.2

0.03
0.04

Diisopropyl trisulfide (1300)
Europel
0.04
0.006
USAl
0.04
0.007

+

NA

-

NA

0.0005
0.001

+

NA

0.0001
0.0001

+

NA

0.01
0.01
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Table 2. (contd)
Agent (No.)

Total
Europe
USA

Intakeb
(“eaters only”)

Most recent
annual
volume
(kg)a

mg/day

mg/kg bw
per day

133
133

19
21

0.3
0.3

Intake of
alcohol
equivalents
mg/kg bw
per dayc

Annual
volume in
naturally
occurring
foods (kg)d

Consumption
ratioe

NA, not available; ND, no intake data reported; + , reported to occur naturally in foods
(Maarse et al., 1999), but no quantitative data; -, not reported to occur naturally in foods
a
The volumes cited, unless otherwise indicated, are anticipated annual volumes (Private
communication to FEMA 1996–2002), which were the maximum amount of the flavouring
agent estimated to be used annually in both Europe and the USA by the manufacturer at
the time the material was proposed for use as a flavouring agent
b
Intake (mg/person per day) was calculated as follows:
[(annual volume, kg) ¥ (1 ¥ 109 mg/kg)]/[population ¥ survey correction factor ¥ 365 days],
where population (10%, “eaters only”) = 32 ¥ 106 for Europe and 26 ¥ 106 for the USA;
where correction factor = 0.6 for Europe and USA anticipated volumes and 0.8 for the
Lucas et al. survey in the USA, representing the assumption that only 60% and 80% of
the annual flavour volume, respectively, was reported in the poundage surveys
(International Organization of the Flavor Industry, 1995; Lucas et al., 1999; Private
communication to FEMA 1996–2002)
Intake (mg/kg bw/d) calculated as follows:
[(mg/person per day)/body weight], where body weight = 60 kg. Slight variations may
occur from rounding
c
Calculated as follows: (molecular weight of alcohol/molecular weight of ester) ¥ daily per
capita intake (“eaters only”) of ester
d
Quantitative data for the USA reported by Stofberg & Grundschober (1987)
e
The consumption ratio was calculated as follows:
(annual consumption via food, kg)/(most recent reported volume as a flavouring agent,
kg)
f
Natural occurrence data reported in a private communication to FEMA (1996–2002)
g
Darriet et al., 1995
h
Kendrick, 2000
i
Annual volume reported in the 1995 FEMA Poundage Survey (Lucas et al., 1999)
j
Intake calculated based on 1% solution of 4-mercapto-4-methyl-2-pentanone in
propylene glycol
k
Intake calculated based on a 10% solution of 2,3,5-trithiahexane in triacetin
l
Intake calculated based on a 2% solution of diisopropyl trisulfide in triacetin

1991; Wilson et al., 1991; Black et al., 1993). Sulfoxide formation is usually the
predominant metabolic detoxication pathway.
Cyclic sulfides (No. 1296)
Cyclic sulfides can be expected to undergo extensive S-oxidation by the
cytochrome P450 superfamily to produce the corresponding sulfoxides.
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Simple disulfides (No. 1299)
The reduction of xenobiotic disulfides is believed to be extensive and can be
catalysed enzymatically, by glutathione reductase (Waring, 1996) or thioltransferases (Wells et al., 1993), as well as chemically, by exchange with glutathione,
thioredoxin, cysteine or other endogenous thiols. Reduction of non-cyclic disulfides
(No. 1299) would result in the formation of thiols of low molecular mass, which are
metabolized via the various pathways described above for simple thiols.
Trisulfides (No. 1300)
The trisulfide of glutathione is labile and readily converted to the disulfide, with
the release of sulfur as hydrogen sulfide (Moutiez et al., 1994). Trisulfides are predicted to be converted rapidly to the corresponding disulfides with subsequent
reduction to thiols, which would then be metabolized via the various pathways
described above for simple thiols.
Thioesters (No. 1295)
Thioesters are hydrolysed by lipase and esterases (Kurooka et al., 1976); the
rate of hydrolysis increases as the length of the carbon chain increases and
decreases as the oxygenation of the carbon chain in the thiol moiety increases
(Greenzaid & Jenks, 1971). After hydrolysis, the resulting alcohol and carboxylic
acid would participate in the metabolic pathways described above for sulfides containing oxygenated functional groups.
1.4

Application of the procedure for the safety evaluation of flavouring
agents

Step B1. In applying the Procedure for the Safety Evaluation of Flavouring Agents
to these 12 flavouring agents, the Committee assigned 11 agents (Nos
1289–1295, 1297–1300) to structural class I. The remaining flavouring
agent (No. 1296) was assigned to class III (Cramer et al., 1978).
Step B2. At currently estimated levels of intake, none of the flavouring
agents in this group is predicted to be metabolized to innocuous products. The evaluation of these substances therefore proceeded via the Bside of the decision-tree.
Step B3. The estimated daily per capita intakes of the 11 flavouring agents in this
group in structural class I are below the threshold of concern (i.e. 1800
mg). The estimated daily per capita intake for the one flavouring agent
in structural class III is below the threshold of concern (i.e. 90 mg).
Accordingly, the evaluation of all 12 agents in the group proceeded to
step B4.
Step B4. For erythro- and threo-3-mercapto-2-methylbutanol (No. 1289), the
NOEL of 0.7 mg/kg body weight per day for the structurally related substance 2-mercapto-3-butanol (No. 546) from a 92-day study in rats fed
by gavage (Cox et al., 1974) provides an adequate margin of safety
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(>10 000) in relation to known levels of intake of this agent. This NOEL
is also appropriate for the structurally related agents (±)-2-mercapto-2methylpentan-1-ol
(No.
1290),
3-mercapto-2-methylpentan-1-ol
(racemic) (No. 1291), 3-mercapto-2-methylpentanal (No. 1292), and (±)ethyl 3-mercaptobutyrate (No. 1294), because they are all acyclic thiols
with oxidized side-chains that are anticipated to undergo oxidation or
hydrolysis and subsequent metabolism via similar metabolic pathways.
For 4-mercapto-4-methyl-2-pentanone (No. 1293), the NOEL of 1.9
mg/kg bw per day for the structurally related substance 3-mercapto-2pentanone (No. 560) administered to rats by gavage in a 92-day study
(Morgareidge, 1971) provides an adequate margin of safety (>10 000) in
relation to known levels of intake of this agent.
For ethyl 4-(acetylthio)butyrate (1295), the NOEL of 6.5 mg/kg bw per
day reported in a 13-week study in rats (Shellenberger, 1970) fed with
the structurally related substance ethylthioacetate (No. 483) provides an
adequate margin of safety (>10 000) in relation to known levels of intake
of this agent.
For ethyl 2-(methylthio)ethanol (No. 1297), the NOEL of 1.4 mg/kg bw
per day reported in a 13-week study in rats (Cox et al., 1979) fed by
gavage with the structurally related substance 2-(methylthiomethyl)-3phenylpropenal (No. 505) provides an adequate margin of safety (>10
000) in relation to known levels of intake of this agent. This NOEL is also
appropriate for the structurally related agent ethyl 5-(methylthio)valerate
(No. 1298), which is also an acyclic sulfide with an oxidized side-chain
that is anticipated to undergo oxidation and subsequent metabolism via
similar pathways.
For 2,3,5-trithiahexane (No. 1299), the NOEL of 0.3 mg/kg bw per day
reported in a 13-week study (Mondino, 1981) in rats fed with the structurally related substance 3-methyl-1,2,4-trithiane (No. 574) provides an
adequate margin of safety (>10 000) in relation to known levels of intake
of this agent.
For diisopropyl trisulfide (No. 1300), the NOEL of 4.8 mg/kg bw per
day reported in a 13-week study (Morgareidge & Oser, 1970) in rats fed
by gavage with the structurally related substance dipropyltrisulfide (No.
585) provides an adequate margin of safety (>100 000) in relation to
known levels of intake of this agent.
For spiro(2,4-dithia-1-methyl-8-oxabicyclo(3.3.0)octane-3,3¢-(1¢-oxa2¢-methyl)-cyclopentane) (No. 1296), the NOEL of 25 mg/kg bw per day
in the diet reported in a 13-week study in rats (Wheldon et al., 1970) provides an adequate margin of safety (>100 000) in relation to known levels
of intake of this agent.
Table 1 summarizes the evaluations of the 12 simple aliphatic and aromatic
sulfides and thiols in this group.
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Consideration of combined intakes from use as flavouring agents

In the unlikely event that the 11 agents considered in this evaluation and the
97 agents considered previously in structural class I were to be consumed concurrently on a daily basis, the estimated combined intake would not exceed the
daily per capita human intake threshold for class I (1800 mg). In the unlikely event
that the one agent considered in this evaluation and the six agents considered previously in structural class III were to be consumed concurrently on a daily basis,
the estimated combined daily per capita intake would not exceed the human intake
threshold for class III (90 mg).
1.6

Consideration of secondary components

One member of this group of flavouring agents (No. 1293, 4-mercapto-4methyl-2-pentanone) has a minimum assay value of <95%. Information on the
safety of the secondary component of this compound is summarized in Annex 6
(Summary of the safety evaluation of secondary components of flavouring agents
with minimum assay values of less than 95%). The secondary component (4methyl-3-penten-2-one) was evaluated by the Committee at its fifty-ninth meeting,
and was considered not to present a safety concern at current levels of intake.
1.7

Conclusion

The Committee concluded that these 12 flavouring agents, which are additions
to the group of simple aliphatic and aromatic sulfides and thiols evaluated previously, would not give rise to safety concerns at the currently estimated levels of
intake.

2.

RELEVANT BACKGROUND INFORMATION

2.1

Additional considerations on intake
There is no additional information on intake.

2.2

Biological data

2.2.1

Biochemical data: absorption, distribution, metabolism
and excretion

No significant changes in the absorption, distribution, metabolism, and excretion of these agents have been reported since the submission of the original monograph (Annex 1, reference 143). Some references not included in the original group
monograph are cited in section 1.3.
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Table 3. Results of short-term studies of toxicity with simple aliphatic and
aromatic sulfides and thiols
No.

Flavouring agent

Species;
sex

No. of test
groupsa/no.
per groupb

Route

Duration
(days)

NOEL
(mg/kg
bw per
day)

Reference

1296

spiro(2,4-Dithia-1methyl-8-oxabicyclo
(3.3.0)octane-3,3¢(1¢-oxa-2¢-methyl)
cyclopentane)

Rat; M

3/15

Diet

90

25

Wheldon
et al.
(1970)

M, male
a
Total number of test groups does not include control animals
b
Total number per test group includes both male and female animals

2.2.2

Toxicological studies
(a)

Acute toxicity

There are no additional studies of acute toxicity. No significant changes in the
acute toxicity of flavouring agents in this group have been reported since the submission of the original monograph (Annex 1, reference 143).
(b)

Short-term studies of toxicity

The results of one additional 90-day study are described below and are summarized in Table 3.
(i)

Spiro(2,4-Dithia-1-methyl-8-oxabicyclo(3.3.0)octane-3,3 ¢-(1¢oxa-2 ¢-methyl)cyclopentane) (No. 1296)

In a 90-day study, groups of 15 male Cfy Wistar rats were fed diets
containing
spiro(2,4 - dithia-1-methyl-8-oxabicyclo(3.3.0)octane-3,3¢-(1¢-oxa-2¢methyl)cyclopentane) at a concentration of 0, 500, 5000 or 5000 ppm (raised to 10
000 ppm after week 1 and to 20 000 ppm at week 6) (Wheldon et al., 1970). The
three lower concentrations correspond to estimated intakes of 0, 25 and 250 mg/kg
bw per day, respectively (Food and Drug Administration, 1993). Rats in the group
receiving the highest dose were initially given an estimated intake of 250 mg/kg bw
per day, which was increased to 500 mg/kg bw per day after week 1, and finally to
1000 mg/kg bw per day at week 6. Clinical observations were performed daily.
Animals were housed five per cage and had access to food and water ad libitum.
A decrease in food consumption, which was presumably a result of the
unpalatability of the diet containing the malodorous sulfur-containing test agents,
was reported in all treated groups throughout the study. Weekly measurement of
body weights showed a decrease in body-weight gain at the two higher doses
throughout the study, and at the lowest dose only after 8 weeks. The calculated
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Table 4. Results of studies of genotoxicity with simple aliphatic and aromatic
sulfides and thiols
No.
In vitro
1289

a

Flavouring agent

End-point

Test system

Concentration

Results

Reference

Erythro- and
threo-3-mercapto2-methylbutanol

Reverse
mutation

S. typhimurium
TA1535, TA97,
TA98, TA100,
TA102

50–5000 mg/
plate

Negativea

Gocke
(1997)

With and without metabolic activation from S9

food conversion efficiency was significantly reduced only at the two higher doses.
Haematological examination revealed decreases in erythrocyte volume fraction
(p < 0.01), concentration of haemoglobin (p < 0.001) and erythrocyte count (p <
0.001), and increases in corpuscular volume (p < 0.001), neutrophil (p < 0.001)
and lymphocyte counts (p < 0.01) at week 13 in the group given the highest dose.
Similar changes were also reported for the group given the intermediate dose, but
the decreases in erythrocyte volume fraction and differential leukocyte counts were
not statistically significant. The animals in the group given the highest dose also
showed abnormal blood pigmentation. Haematological measurements for the
group given the low dose and for the control group were comparable throughout
the study. At necropsy, measurement of organ weights (adrenals, heart, kidneys,
liver, lungs, spleen, testes, and thyroid) revealed increased absolute and relative
spleen weights at the highest dose. Increases in relative (to body weights) but not
absolute organ weights at the two higher doses were associated with the significant decrease in body weights reported for these two groups. Histopathological
examination of 13 different tissues revealed pigmented macrophages in the liver
and spleen of the animals in the group receiving the highest dose. The authors
reported a NOEL of 250 mg/kg bw per day (Wheldon et al., 1970). Owing to the
decreased body-weight gain and significantly reduced food conversion efficiency
reported at this dose, however, a NOEL of 25 mg/kg bw per day is more conservative. The results of this study are summarized in Table 3.
(b)

Genotoxicity

The results of one additional test for genotoxicity in vitro are described below
and summarized in Table 4 (Annex 1, reference 144).
Erythro- and threo-3-mercapto-2-methylbutanol (No. 1289) (50–5000 mg/plate)
was evaluated for mutagenic activity in the modified Ames test with preincubation
in the presence and absence of metabolic activation in Salmonella typhimurium
strains TA1535, TA97, TA98, TA100 and TA102. No genotoxic effects were
observed (Gocke, 1997).
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INTRODUCTION

For nearly 40 years, the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) has played a leading role in the development of principles and procedures for the safety evaluation of flavouring agents. In 1996, the Committee began
an ongoing programme to conduct safety evaluations and establish specifications
for individual flavouring agents. On the basis of this experience, the Committee
recognizes that the safety evaluation of flavouring agents presents unique challenges, principally owing to the fact that there are more than 2000 such agents
used in commerce, the vast majority of which are added at extremely low levels
in food. In view of the fact that the majority of individual flavouring agents occur
naturally in food, the Committee has concluded that to evaluate each of these substances by traditional toxicological testing is simply not warranted in most cases
(WHO, 1987).
In 1987, WHO classified flavouring agents into four groups:
(a)

Artificial substances that are unlikely to occur naturally in food;

(b)

Natural substances that are not normally consumed as food, their derived
products, and the equivalent nature-identical flavourings;

(c)

Herbs and spices, their derived products, and the equivalent natureidentical flavourings, and

(d)

Natural flavouring substances obtained from vegetable and animal products and normally consumed as food whether processed or not, and their
synthetic equivalents.
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Since 1996, the Committee has evaluated the safety of approximately 1150
individual flavouring agents using the Procedure for the Safety Evaluation of
Flavouring Agents (Annex 1, references 116 and 117). The Committe organized
these agents into a number of well-defined chemical groups (i.e. congeneric
groups) in order to effectively evaluate such a large number of substances. The
evaluations conducted to date have demonstrated that flavouring agents within a
congeneric group have a similar biochemical fate and toxicological potential. Most
individual flavouring agents have been shown to be efficiently detoxicated to yield
innocuous metabolites. Knowledge of their metabolic fate, coupled with low intake
levels that are typically below thresholds of toxicological concern, has formed the
basis for the majority of the Committee’s evaluations of individual flavouring
agents. In instances where the metabolic fate of an individual flavouring agent was
not well known or readily predictable, or where intake exceeded the threshold of
toxicological concern for the relevant structural class, the Committee has relied on
data on the toxicity of the agent itself or of a structurally related substance in order
to perform a rigorous safety evaluation. The results of these evaluations comprise
an extensive database, which has been published since 1996 in the WHO Food
Additive Series as a series of monographs on congeneric groups.
A key development in the process by which the Committee evaluates the safety
of flavouring agents has been the establishment of specifications, consistent with
JECFA practice, for all flavouring agents. The criteria underpinning these specifications require that the chemical assay for individual flavouring agents be specified. The Committee has adopted the criterion of a minimum assay of 95% purity
of the named flavouring agent. In some cases, flavouring agents have been
reported to be of less than 95% purity. In such instances, the Committee has
required the identification of the secondary components such that at least 95% of
the chemical composition of the named flavouring agent can be accounted for. Key
features of secondary components are that many are themselves flavouring agents
that are likely have been evaluated previously by the Committee, as a member of
a different congeneric group, or they are structurally related substances that belong
to the same congeneric group as the named flavouring agent.
In order to provide for a rigorous safety evaluation when there are many
secondary components, the Committee has collected and evaluated data on each
of these components. This process has been facilitated by the fact that, since 1996,
the Committee has reviewed and published monographs on most of the chemical
groups of flavouring agents. Using these monographs on congeneric groups, the
Committee now has the capacity to efficiently evaluate additional flavouring agents
and numerous secondary components. An obvious extension of this process is
that the Committee can begin to evaluate mixtures of flavouring agents, as found
in natural flavouring complexes.
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Natural flavouring complexes fall into the following categories:

(1)

Essential oils: the volatile flavouring constituents of plant sources (leaves,
fruits, buds, bark, etc.) usually obtained by steam distillation, by expression or extraction, or some combination of these processes.

(2)

Extracts: the volatile and non-volatile flavouring constituents of plant
sources, as described in (1) above, obtained by extraction with a permitted polar or non-polar solvent, the choice of which depends on the botanical source and the constituents desired.

(3)

Oleoresins, often called solid extracts: obtained by extraction as in (2)
above, followed by removal of the solvent.

These categories fall into groups (b), (c), and (d) listed above (WHO, 1987).
The agents that comprise these categories range from those that consist almost
entirely of a single chemical entity, such as bitter almond oil (benzaldehyde), to
those with a highly complex composition (e.g. rosemary oil). In some instances,
dozens of constituents are essential to the technical flavour characteristics of the
natural flavouring complex. Although the chemical composition of these complexes
is variable, their constituents can be assigned to relevant congeneric groups.
Table 1 gives examples of natural flavouring complexes and individual flavouring agents and provides an indication of the number of these substances that are
used in commerce in the United States. Tables 2 and 3 list the constituents of two
natural flavouring complexes, bois de rose oil and lemongrass oil, organized by
congeneric group. While each of these complexes has numerous constituents,
these constituents fit readily into congeneric groups, most of which have already
been evaluated by the Committee.
This monograph proposes that the existing Procedure for the Safety Evaluation of Flavouring Agents (Annex 1, references 116 and 117), as refined by the
Committee (Annex 1, references 122, 131), be further modified to accommodate
the safety evaluation of natural flavouring complexes. After consideration of an
approach to determining specifications that could be used to specify a chemical
assay for a natural flavouring complex, details of the suggested modifications to
the existing Procedure in order to provide for the evaluation of natural flavouring
complexes are outlined herein.
2.1

Specifications for natural flavouring complexes

The Committee has always insisted upon specifications that define the substance being considered and, as previously noted, has typically required that a
chemical assay for individual flavouring agents be at least 95%. In cases in which
the named substance could not practically be freed from secondary components,
the Committee has evaluated each secondary component individually. The emphasis throughout has been on assuring the identity and safety of the substance being
evaluated.
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In dealing with natural flavouring complexes, it may be useful to invoke compendia of specifications published by organizations that have previously considered these agents. The Food Chemicals Codex is one such organization,
recognized by regulation in the United States and elsewhere. Food Chemicals
Codex specifications typically list physiochemical properties, contaminants (including heavy metals and polynuclear aromatics) and microbiological parameters, to
ensure that food ingredients, including flavouring agents, are safe for human consumption. For many natural flavouring complexes, Food Chemicals Codex also
specifies a minimum chemical assay for key chemical constituents. For example,
the chemical assay for caraway oil specifies that it should contain not less than
50%, by volume, of ketones calculated as carvone. The assay for peppermint oil
is not less than 5% esters, calculated as menthyl acetate, and not less than 50%
menthol. Clearly, flexibility is maintained in a chemical assay specified by Food
Chemicals Codex in that a minimum level is specified for a chemical group that
may be measured or calculated as a key chemical constituent in the natural
flavouring complex. This approach could be used effectively to specify a chemical
assay for natural flavouring complexes evaluated by the Committee.
To perform an evaluation, the Committee would organize the constituents
of the natural flavouring complex into congeneric groups (e.g. phenols, tertiary
alcohols, etc.) and perform a series of evaluations for the congeneric group.
Within key congeneric groups (e.g. alicyclic secondary alcohols and ketones)
selected constituents (e.g. menthol) will be associated with the technical flavouring characteristics of the natural flavouring complex (e.g. peppermint oil). In a
manner entirely consistent with Food Chemicals Codex, the evaluation of congeneric groups within the complex could be linked by chemical assay to constituents that are fundamental to the flavouring characteristics of the natural
flavouring complex.
An essential general principle is that the specification should be no more
complex than is essential to assure the most critical aspects of safety, identity, and
technical function. Determination of these key characteristics requires the use of
methods shown to be reliable through collaborative studies. Existing relevant specifications from Food Chemicals Codex for bois de rose oil and lemongrass oil are
provided in Tables 4 and 5 (Food Chemicals Codex, 1996).
2.2

Estimates of daily intake

The principles and procedures used by the Committee to estimate intake in the
safety evaluation of individual flavouring agents are equally valid and appropriate
for natural flavouring complexes, provided that the intended conditions of use are
similar to those for individual flavouring agents. One obvious difference between
individual flavouring agents and natural flavouring complexes is that some of the
latter have much broader patterns of use in the food supply and much higher
volumes of disappearance into the marketplace than do individual agents. Natural
flavouring complexes such as vanilla extract and lemon oil are used in a wide
variety of food categories that have high rates of consumption from products such
as baked goods, beverages, soft and hard candy, and dairy products. Annual
volumes of production for twelve natural flavouring complexes in use in the United
States exceed 1 000 000 kg.

Vanilla extract (Group (c))a
Black pepper oleoresin (Group (c))a

Group as classified by WHO (1987) (see Introduction)
FCC, Food Chemical Codex

a

Extracts (100)
Oleoresins (30)

Lemon oil, distilled (Group (d))a

Lemongrass oil (Group (c))a

Wintergreen oil (Group (b))a

Minimum assay of 93%; 3–5% linalool, and
lesser quantities of linalool oxide and nerol
oxide
FCC chemical assay: not less than 98% and not
more than 100.5% methyl salicylate
FCC chemical assay: not less than 75%, by
volume, of aldehyde as citral
FCC chemical assay: between 1% and 3.5%
aldehydes, calculated as citral
—
FCC chemical assay: piperine: not less than
36%; volatile oil content: between 15 ml and
35 ml/100 g.

(E,R)-3,7-Dimethyl-1,5,7-octatrien-3-ol
(No. 1154)

Natural flavouring complexes
Essential oils (190)

Minimum assay of >95% (JECFA)

Cinnamyl alcohol (No. 647)

Individual flavouring agents with minimum
assay value of >95% (1400)
Individual flavouring agents with minimum
assay value of <95% (230)

Chemical assay

Examples (No.)

Type of flavouring agents
(number of agents of this type)

Table 1. Examples of individual flavouring agents and natural flavouring complexes
THE SAFETY EVALUATION OF NATURAL FLAVOURING COMPLEXES
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Table 2. Constituents of bois de rose oil, organized by congeneric groupa
Congeneric
group (date of
JECFA review)

DT
class

FEMA
No.

CAS No.

Constituent

Composition of the
Data from industryc
Ind. 1
(2001)
Target
analysis

3
3
3
3
3
3 (1997, 2003)

I
I
I
I
I
I

2303
2507
2509
2303
2770

141-27-5
106-24-1
105-87-3
106-26-3
106-25-2

6
6

I
I

6

I

6
6
6
6
6
6
6
6 (1998)

I
I
I
I
I
I
I
I

2635
2772

78-70-6
7212-44-4
5986-38-9

2248
3045

562-74-3
98-55-5

16
16
16
16
16

II
II
II
II
II

2465
3746
3746
3746
3735

470-82-6
5989-33-3
56752-50-2
68892-15-9
7392-19-0

16 (2003)

II

31
31
31
31
31
31
31
31
31
31
31
31

I
I
I
I
I
I
I
I
I
I
I
I

29171-20-8
20053-88-7

2229
2252

2356

2633
2762

29350-73-0
483-76-1
39029-41-9
79-92-5
87-44-5
3856-25-5
99-87-6
33880-83-0
138-86-3
123-35-3

Geranial
Geraniol
Geranyl acetate
Neral
Nerol
a,b-Unsaturated
aliphatic primary
alcohol/aldehyde/
acid/acetal/ester
trans-Dehydrolinalool
3,7-Dimethyl-1,5,7octatrien-3-ol
2,6-Dimethyl-3,7octadien-2,6-diol
Linalool
trans-Nerolidol
Ocimenol
Spathulenol
Terpinen-4-ol
a-Terpineol
g-Terpineol
Aliphatic, alicyclic
and aromatic
saturated and
unsaturated tertiary
alcohol and related
ester
1,8-Cineole
cis-Linalool oxide
trans-Linalool oxide
Linalool oxide (2 peaks)
2,2,6-Trimethyl-6vinyltetrahydropyran
Aliphatic and alicyclic
ethers
Cadinene
delta-Cadinene
g-Cadinene
Camphene
b-Caryophyllene
a-Copaene
Cyclosativene
para-Cymene
b-Elemene
Eremophilene
Limonene
Myrcene

Ind. 2
(2001)
Target
analysis

0.74

0.99

0.22
0.96

0.28
1.27

80.05
0.34

75.75
0.27

1.84
0.01
82.24

2.97
0.02
79.01

1.16

1.5

1.44

1.63

2.6

3.13

1.4

1.82

0.09
0.19

0.21

0.45

0.47
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natural flavouring complex represented by constituent (%)
Data from industryc

Data from published literatured

Ind. 3
(2000)
Target
analysis

Ind. 4
(2000)
Target
analysis

Ind. 5
(1999)
Target
analysis

Ind. 6
(2001)
Complete
analysisb

Ind. 7
(2003)
Complete
analysisb

Ind. 8
(2002)
Target
analysis

1.02

0.48

0.64

1

1.13

0.94

Ref. 1
(1982)
Target
analysis

Ref. 2
(1988)
Target
analysis

Ref. 3
(1999)
Complete
analysisb

0.8
1.8
0.14
0.6

0.28
1.3

0.14
0.62

0.18
0.82

0.2
1.2

0.33
1.46

0.34
1.28

0.14

3.2

0.96

0.1
0.16
0.1
77.21
0.24

81.02
0.22

82.43
0.16

87

89.91

0.1

3.35
80.8

1.37
0
82.61

1.32
0.01
83.92

1.6

1.45

1.09

1.79

1.57

83.25

85.29

77.5

83

0.11

3.5

3.46

90.8

93.37

0.5
1.5
2

1.15
0.99
1.17

0.81
1.09
0.95
0.16

3.31

2.85

1.98

2.74
86.1

0.37
3.54
89.2

0.37
5.94

1
0.28

83.81

84.44

1
1.5
1.31

1.06
0.71

0.8
5.8
5.2

3.81

1.77

11.8

0.5
3.39

3.02

3.07

4.5

0.35
0.1
0.1
0.03
0.03
1.75

1.28

1.04

0.2

0.01
0.2

1.18
0.13

0.18

0.16

0.14

0.1

0.67

0.42

0.46

1

1.09

0.81
0.05

0.6
0.04

1.5
0.1

1.7
0.55
0.5
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Table 2. (contd)
Congeneric
group (date of
JECFA review)

DT
class

FEMA
No.

CAS No.

Constituent

Composition of the
Data from industryc
Ind. 1
(2001)
Target
analysis

31
31
31
31
31
31
31
31
31
31 (2004)

I
I
I
I
I
I
I
I
I
I

3539
3539
2902
2903

3046

3338-55-4
3779-61-1
555-10-2
127-91-3
80-56-8
17066-67-0
473-13-2
586-62-9

(Z)- b-Ocimene
(E)- b-cimene
b-Phellandrene
b-Pinene
a-Pinene
b-Selenene
a-Selenene
g-Selenene
Terpinolene
Aliphatic and aromatic
hydrocarbons
Total

Ind. 2
(2001)
Target
analysis

0.02
0.06

0.03
0.08

0.62
0.79
0.68

0.7
0.96
0.77

0.1
4.4

0.13
5.17

91.07

89.72

FEMA, Flavour and Extract Manufacturers Association; CAS, Chemical abstracts service
Notes:
The composition data cited above are derived from industry and from published literature. The data are
representative of the NFC in commerce (1, 2 and, in some cases, 4) and various analytical data for
studies on the impact of various factors (geography, maturity, storage, etc.) on the composition of the
NFC (mainly 3). Typically, four types of analyses are available:
1. Target analyses from industry: routine quality control analysis for key constituents responsible for
technical flavour function
2. Complete analyses from industry: complete analysis for all constituents in the NFC intended for
commerce
3. Target analyses from the literature: published limited analysis for constituents in the NFC on the
basis of the objective
4. Complete analyses from the literature: published complete analysis for all constituents in the NFC
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natural flavouring complex represented by constituent (%)
Data from industryc
Ind. 3
(2000)
Target
analysis
0.04
0.1

0.54
0.91
0.82

Ind. 4
(2000)
Target
analysis
0.02
0.05

0.74
0.78
0.25

Data from published literatured
Ind. 5
(1999)
Target
analysis

Ind. 6
(2001)
Complete
analysisb

Ind. 7
(2003)
Complete
analysisb

Ind. 8
(2002)
Target
analysis

Ref. 1
(1982)
Target
analysis

Ref. 2
(1988)
Target
analysis

0.03
0.09

0.51
0.7
0.62

0.2
0.06

0.2
0.2

0.61
0.52
0.15

0.38

0.22
0.48

0.5
0.5

1.98

3.16

4

95.13

92.34

100.95

0.1

0.44

0.42

5.01

3.7

3.59

2

1.47

0.93
2.74

91.51

91.02

92.22

98.5

99.61

94.96

a

Ref. 3
(1999)
Complete
analysisb

For bois de rose oil, constituents identified in complete analyses account for >95%
Only data available from complete analyses are used in the safety evaluation procedure for the NFC
All references for data from industry (Ind. 1–8): Industry (1999–2002) Private communication to the
Flavour and Extract Manufacturers Association, Washington DC
d
References for data from the published literature:
1. Formacek, K. & Kubeczka, K.H. (1982) The chemical composition of commercial bois-de-rose oil. In:
Essential oils analysis by capillary chromatography and carbon-13 NMR spectroscopy. New York:
John Wiley and Sons
2. Buccallato, F. (1988) Bois-de-rose oil: A glimpse into the past. Perfumer Flavorist, 13, 35–36
3. Lawrence, B. (1984) Bois-de-rose oil. Perfumer Flavorist 24, 63
b
c
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Table 3. Constituents of lemongrass oil organized by congeneric groupa
Congeneric
group (Date of
JECFA review)

DT
class

FEMA
No.

CAS No.

Constituent

1
1
1 (1996, 1997)

I
I
I

2362
2792

112-31-2
124-13-0

3
3
3
3
3
3
3
3
3 (1997, 2003)

I
I
I
I
I
I
I
I
I

2303
2307
2509

141-27-5
106-24-1
105-87-3
106-29-6
105-86-2
106-26-3
106-25-2
141-12-8

4
4
4
4
4
4
4
4

I
I
I
I
I
I
I
I

2307
2309
2311

4
4
4
4
4 (1998)

I
I
I
I

5
5
5
5
5 (1998, 2002)

II
II
I
I
II

6
6
6
6
6
6
6

I
I
I
I
I
I
I

Decanal
Octanal
Straight-chain primary aliphatic
alcohol/aldehyde/acid/acetal/ester
Geranial
Geraniol
Geranyl acetate
Geranyl butyrate
Geranyl formate
Neral
Nerol
Neryl acetate
a,b-Unsaturated aliphatic primary
alcohol/aldehyde/acid/acetal/ester
Citronellal
Citronellol
Citronellyl acetate
2,6-Dimethyl-5-heptenal
(Z)-5-Decenal
3,7-Dimethyl-3(E),6-octadienal
3,7-Dimethyl-3(Z),6-octadienal
3,3-Dimethylbicyclo[2.2.1]heptane2-carbaldehyde
Dodecanal
(E)-5-Dodecenal
exo-Isocitral
Isocitral
Nonconjugated unsaturated linear
and branched chain ali phatic
primary alcohol/aldehyde/acid/
acetal/ester
6-Methyl-5-hepten-2-one
4-Nonanone
2-Tridecanone
2-Undecanone
Aliphatic/alicyclic secondary
alcohol/ketone/ketal/ester
epi-Cubebol
a-Cubenol
Elemol
a-Eudesmol
Linalool
(E)-Nerolidol
Terpinen-4-ol

2303
2770
2773

106-22-9
150-84-5
106-72-9
141-27-5
50705-16-3

2401

112-54-9
68820-34-8
55050-40-3
55722-59-3

3388
3093

409-02-9
4485-09-0
593-08-8
112-12-9

2635
2772
2248

639-99-6
473-16-5
78-70-6
40716-66-3
562-74-3
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Composition of the natural flavouring complex represented by constituent (%)
Data from industryc
Ind. 1 (1998)
Target
analysis

Ind. 2 (1976)
Target
analysis

0.00

0.00

39.00
6.20
7.00

40.00

29.50

28.00

81.70

68.50

0.50

4.00
0.20

Data from published
literatured
Ind. 3 (2003)
Complete
analysisb

Ind. 4 (pre2000) Target
analysis

Ref. 1 (1998)
Complete
analysisb

0.53
0.11
0.64

0.00

34.90
5.90
4.90

45.50
3.72
2.64

50.20
1.30
1.00
0.10

45.90
2.50
0.20

34.47
0.12

36.40

33.50

86.45

0.10
89.10

82.10

0.36

0.20

0.08
28.60
0.11
0.17
74.66
1.40
0.80
0.20
0.05
0.14
2.00

1.20
0.10
1.30

Ref. 2 (1997)
Target
analysisb

0.00

0.10

0.62
0.25

0.14

0.00

4.20

1.10

3.00

1.10

0.50
1.00
4.50

0.30
2.50

0.12
0.10
0.13
1.10
6.18

0.10

1.23

0.30

0.10

1.50
0.26

1.07

1.00

0.80

1.76

1.07

0.10
1.10

0.80

0.25
0.03
0.13
0.02
0.87

0.10
0.99
0.15

0.50
0.05

1.20
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Table 3. (contd)
Congeneric
group (Date of
JECFA review)

DT
class

FEMA
No.

CAS No.

Constituent

6
6 (1998)

I
I

3045

98-55-5

8
8
8
8
8
8
8
8
8 (2004)

I
II
II
I
I
II
II
II
II

2125
2159
2230
2247

507-70-0
76-49-3
76-22-2
1197-06-4
6753-98-6
89-81-6
546-80-5
473-67-6

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31 (2004)
32
32
32
32
32
32 (2005)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
III
III
III
III
III
III

3331

495-62-5
483-76-1
39029-41-9
79-92-5
87-44-5
3856-25-5u

a-Terpineol
Aliphatic/alicyclic/aromatic tertiary
alcohols and esters
Borneol
Bornyl acetate
Camphor
(Z)-Carveol
a-Humulene
Piperitone
a-Thujone
Verbenol
Secondary
alicyclic/saturated/unsaturated/
alcohol/ketone/ketal/ester
g-Bisabolene
delta-Cadinene
g-Cadinene
Camphene
b-Caryophyllene
Copaene
Cyclosativen
para-Cymene
b-Elemene
(E)-b-Farnesene
Germacrene D
1-Isopropenyl-4-methylbenzene
Limonene
Myrcene
(Z)-b-Ocimene
(E)-b-Ocimene
b-Phellandrene
a-Pinene
Terpinolene
Tetradecane
Tricyclene
Cadina-1(10),5-diene
Cadina-3,5-diene
Aliphatic and aromatic hydrocarbons
Caryophyllene epoxide
6,7-Epoxy-3,7-dimethyl-2-octenal
Geraniol-6,7-epoxide
Humulene epoxide
Rosefuran epoxide
Epoxides

2229
2252

2356
3839

2633
2762
3539
3539
2856
2903
3046

99-87-6
515-13-9
18794-84-8
23986-74-5
1195-32-0
138-86-3
3779-61-1
3779-61-1
555-10-2
80-56-8
586-62-9
508-32-7

1139-30-6

Totals
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Composition of the natural flavouring complex represented by constituent (%)
Data from industryc
Ind. 1 (1998)
Target
analysis

0.00

Ind. 2 (1976)
Target
analysis

2.80

Data from published
literatured
Ind. 3 (2003)
Complete
analysisb

0.20
1.50

Ind. 4 (pre2000) Target
analysis

1.14

Ref. 1 (1998)
Complete
analysisb

Ref. 2 (1997)
Target
analysisb

0.10
0.75

1.20

0.00

0.00

0.39
0.27

0.00

0.00

0.20

1.00

0.10

0.10

0.32
0.23

0.18

1.21

0.18

0.12
0.34
0.45
0.25
2.70
0.02
0.07
0.04
0.13

2.90

16.90

0.00

0.00

0.24
0.05
1.80
0.10
1.00
0.63
0.10
0.08
0.05
0.01
0.03
0.04
0.02
8.27
0.81
0.13
0.30
0.06
0.14
1.44

85.70

96.90

95.66

1.10
0.10
0.40
0.30

1.00
15.00
0.50

0.30

1.65

0.40
0.60

0.05
0.05
0.10
0.73

0.16

0.20
0.10
0.10
0.10

0.30
12.80

0.10
0.09
0.10

2.63
0.15

2.20
0.40

13.10

0.15

0.40

0.00

92.85

95.15

97.30
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Notes to Table 3
FEMA, Flavour and Extract Manufacturers Association; CAS, Chemical abstracts service
Notes:
The composition data cited above are derived from industry and from published literature.
The data are representative of the NFC in commerce (1, 2 and, in some cases, 4) and
various analytical data for studies on the impact of various factors (geography, maturity,
storage, etc.) on the composition of the NFC (mainly 3). Typically, four types of analyses
are available:
1. Target analyses from industry: routine quality control analysis for key constituents
responsible for technical flavour function;
2. Complete analyses from industry: complete analysis for all constituents in the NFC
intended for commerce;
3. Target analyses from the literature: published limited analysis for constituents in the
NFC on the basis of the objective;
4. Complete analyses from the literature: published complete analysis for all constituents
in the NFC.
a

For lemongrass oil, constituents identified in complete analyses account for >95%
Only data available from complete analyses are used in the safety evaluation procedure
for the NFC (shaded columns)
c
References for data from industry (Ind. 1–4): Industry (1976–2003) Private
communication to the Flavour and Extract Manufacturers Association, Washington D.C.
d
References for data from published literature:
1. Chowdhury, J.U. et. al. (1998) Studies on the essential oil bearing plants of
Bangladesh. Part IV. Composition of the leaf oils of three Cymbopogon species: C.
flexuosus Wats. J. Essent. Oil Res., 10: 301–306.
2. Chalchat, J.C. et. al. (1997) Correlation between chemical composition and
antimicrobial activity. VI. Activity of some African essential oils. J. Essent. Oil Res. 9,
67–75.
b

Table 4. Food Chemicals Codex specifications for bois de rose oil
NFC cluster
Common name
Botanical family
Genus and species

Synonyms
Geographical source
Description of botanical source
Degree of maturity
FEMA No(s).
FDA citation(s)
COE No(s).
Other information

Bois de rose
Rosewood
Lauraceae
Aniba rosaeodora Ducke
Aniba duckei Kostermans
Aniba rosaedora Ducke var amazonica Ducke
Aniba parviflora (Meissner) Mex
Aniba rosaeodora var. amazonica
Brazilian rosewood oil
Wood is collected in principally in Brazil and, to a lesser
extent, in Peru
Tropical, medium-sized, wild-growing evergreen
Mature trunk wood
2156
182.20
Not applicable
Use in formulations has become less attractive as
environmental concerns have grown over the
destructive nature of rosewood oil production in
Brazil.
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Table 4. (contd)
Plant parts used
Derivatives used
(e.g. absolute, oil, extract,
etc.)
Yield, %, based on original
botanical
Method of isolation

Solvents used
Appearance
Angular rotation

Heavy metals
Specific gravity

Refractive index

Distillation range
Solubility in alcohol

Solubility in water
Solubility in other solvents
Moisture
Major components assay
(if applicable)

Recommended JECFA
specifications for chemical
assay

Trunk wood
Essential oil (FEMA 2156)

Yields of oil vary according to wood feedstock quality
and moisture content. Typical yields of oil are
approximately 1% (w/w).
Steam distillation of water soaked comminuted trunk
wood. Distillation is carried out in mild or galvanized
steel vessels that may vary in size from 200 to
1000 kg capacity of chips. Steam generation is by
boiler fueled with spent chips. No further processing
of the oil is carried out either by the primary distiller
or by the end-user.
Not applicable
Colourless or pale yellow liquid with a refreshing, sweet
woody, linalool-like, somewhat floral-spicy odour.
FCC: -4 to +6 °
Brazilian: -2 to +5 °
Cayenne: -10 to -17 °
Peruvian: -2 to +6 °
FCC: passes test (as lead, Pb)
FCC: 0.868–0.889 at 25 °C
Brazilian: 0.871–0.888 at 20 °C
Cayenne: 0.866–0.877 at 20 °C
Peruvian: 0.870–0.880 at 20 °C
FCC: 1.462–1.470 at 20 °C
Brazilian: 1.4620–1.4685 at 20 °C
Cayenne: 1.4610–1.4665 at 20 °C
Peruvian: 1.4620–1.4700 at 20 °C
FCC: Not less than 70% distills between 195 and 205 °C
FCC: 1 : 6 in 60% alcohol
Brazilian: 1 : 3–5 in 60% alcohol
Cayenne: 1 : 4 in 60% alcohol
Peruvian: 1 : 6 in 60% alcohol
Very soluble
FCC: Soluble in mineral oil, most fixed oils and
propylene glycol Slightly soluble in glycerin
Not applicable
FCC: Total alcohols 82–92%, calculated as linalool
ISO: Total alcohols 84–93%, calculated as linalool
Main constituent is linalool. The l-form of linalool is
predominant in cayenne oil, whereas the d- and lisomers are present in Brazilian and Peruvian oils.
Not less than 80% and not more than 95% tertiary
terpenoid alcohols and related esters, calculated as
linalool (decision-tree class I).

COE, Council of Europe; FCC, Food chemicals Codex; FEMA, Flavour and Extracts
Manufacturers Association; ISO, International Organization for Standardization
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Table 5. Food Chemicals Codex specifications for lemongrass oil
NFC cluster
Common name
Botanical family
Genus and species

Synonyms

Geographical source
Description of botanical source
Degree of maturity
FEMA No(s).
FDA citations(s).
COE No(s).
Other information:

Plant parts used
Derivatives used
(e.g. absolute, oil, extract,
etc.)
Yield, %, based on original
botanical
Method of isolation
Solvents class used
Cymbopogon flexuosus
Appearance
Optical rotation
Heavy metals
Specific gravity
Refractive index
Distillation range
Solubility in alcohol
Solubility in water
Solubility in other solvents
Moisture
Major components assay
(if applicable)
Other
Cymbopogon citrates
Appearance

Lemongrass
Lemongrass
Gramineae
Cymbopogon flexuosus (Nees.) Stapf (“East Indian
type”)
Cymbopogon citratus DC (“West Indian type”)
Citral terpenes
Indian melissa oil
Indian oil of verbena
Oil of lemon grass
India, West Africa, Central America, West Indies, South
America
Cultivated herbaceous grass
Mature fresh or partly dried leaves
2624
182.20
CE38
Lemongrass oil has one of the largest annual volumes
of production of all essential oils in the world. Most of
the volume produced is used for the production of
citral.
Leaves
Oil

0.2–0.4%
Steam distillation
No solvents

ISO: Pale yellow to yellowish brown, mobile liquid with
odour resembling that of citral
ISO: -3 to +1 ° at 20 °C
FCC: -3 to +1 °
FCC: passes test
ISO: 0.885–0.905 at 20/20 °C
FCC: 0.894–0.904 at 25/25 °C
ISO: 1.4830–1.4890 at 20 °C
FCC: 1.483–1.489 at 20 °C
Not applicable
ISO: Miscible 1:3 in 70% (v/v) ethanol at 20 °C
FCC: Passes test
Not available
Not available
Not available
ISO: Carbonyl content (as citral) 73% min
FCC: Aldehyde (as citral) 75.0% min.
ISO: Residue from vacuum distillation: 10% (m/m) max.
FCC: Steam-volatile oil 93.0% min.
ISO: Pale yellow to orange-yellow, mobile liquid with
characteristic strong note of citral.
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Table 5. (contd)
Optical rotation
Heavy metals
Specific gravity
Refractive index
Distillation range
Solubility in alcohol
Solubility in water
Solubility in other solvents
Moisture
Major components assay
(if applicable)
Other
Recommended JECFA
specifications for chemical
assay

ISO: -3 to +1 at 20 °C
FCC: -3 to +1 °
FCC: passes test
ISO: 0.872–0.897 at 20/20 °C
FCC: 0.869–0.894 at 25/25 °C
ISO: 1.4830–1.4890 at 20 °C
FCC: 1.483–1.489 at 20 °C
Not applicable
ISO: Soluble in 70% (v/v) ethanol at 20 °C
FCC: Passes test
Not available
Not available
Not available
ISO: Carbonyl content, as citral: 75% min.
FCC: Aldehyde (as citral) 75.0% min.
FCC: Steam-volatile oil 93.0% min.
Not less than 70% and not more than 90% primary
terpenoid alcohols, aldehydes, carboxylic acids, and
related esters, calculated as citral (decision-tree class
I).
Not more than 10% nonconjugated unsaturated linear
and branched chain aliphatic primary alcohols,
aldehydes, carboxylic acids, and related acetals and
esters (decision-tree class I).
Not more than 10% aliphatic and aromatic terpenoid
hydrocarbons (decision-tree class I).
Not more than 2% aliphatic or alicyclic epoxides
(decision-tree class III).

COE, Council of Europe; FCC, Food Chemical Codex; FDA, Food and Drug
Administration; ISO, International Organization for Standardization

As has been common practice by the Committee since 1996, intake of individual flavouring agents is based on a conservative estimate, with the assumption
that only 10% of the population consumes all of the substance as a flavouring
agent, Clearly the use of natural flavouring complexes, such as vanilla extract and
lemon oil, that are used at high volume is not limited to 10% of the population. It
is recommended that in the case of natural flavouring complexes that are used at
high volume (e.g. >100 000 kg/year) that the Committee use the actual percentage
of users as estimated from databases on food intake. This would provide more
realistic estimates of daily intake.
The data on poundage and intake for bois de rose oil and lemongrass oil are
show in Table 6. For these natural flavouring complexes, it is valid to estimate daily
intake using the principles and procedures that are used for individual flavouring
agents.
Exposure to constituents of the natural flavouring complex in the various congeneric groups does not solely occur via intake of the complex. These constituents,
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Table 6. Poundage and intake data for bois de rose oil and lemongrass oil

USA annual poundage (1995)
Per capita intake, USA
“Eaters only”, per capita intake, USA ¥ 10

Bois de rose oil

Lemongrass oil

2902 kg
38 mg/person per day
380 mg/person per day

1470 kg
19 mg/person
194 mg/person

mainly terpenes, are also present as common components of many traditional
foods. In fact, the majority of terpenes that are constituents of a natural flavouring
complex are also consumed in the normal diet. For example, exposure to linalool,
limonene, linalyl acetate and other terpenes in bois de rose oil also occurs by daily
consumption of spices (e.g. coriander), fruits (e.g. oranges), wine, and certain vegetables. Exposure to the constituents found in bois de rose oil occurs mainly from
consumption of a normal diet. This is to be expected, given the ubiquitous presence of simple monoterpenes in all plants.
2.3

Proposed modification to the current procedure for the safety
evaluation of flavouring agents

It is recommended that the current Procedure for the Safety Evaluation of
Flavouring Agents be expanded to include the option to evaluate both individual
flavouring agents and natural flavouring complexes. Like individual flavouring
agents, flavouring agents present in a natural flavouring complex will be assigned
to the appropriate congeneric groups. Subsequently, each congeneric group will
be evaluated according to the current steps in the Procedure (see Figure 1). Once
all congeneric groups contained within the natural flavouring complex have been
evaluated, a conclusion can be made concerning the safety of the combination of
congeneric groups that constitute the complex. This modification to the existing
Procedure to allow the inclusion of assessments for congeneric groups will permit
the evaluation of all types of flavouring agents, including relatively pure individual
flavouring agents (chemical assay >95%), agents containing appreciable amounts
of secondary components minimum chemical assay, <95%), and natural flavouring complexes containing different congeneric groups of individual flavouring
agents. The proposed modification to the Procedure constitutes an efficient use of
resources because it builds upon the evaluations previously conducted and relies
on the extensive series of monographs on well-defined congeneric groups of
flavouring agents already published by the Committee.
As a test, two natural flavouring complexes, bois de rose oil and lemongrass
oil, were evaluated using the modified Procedure. The results of these evaluations
(shown in Table 7 and Table 8, respectively) indicate that at current levels of intake
these natural flavouring complexes would not be expected to present a safety
concern.
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Figure 1. Procedure for the Safety Evaluation of Flavouring Agents and Natural
Flavouring Complexes
1. Determine the structural class for the
flavouring agent or congeneric group in the
flavouring agent or natural flavouring
complex (NFC).1

2. Can the flavouring agent or congeneric group of
flavouring agents be predicted to be metabolized by
well recognized detoxication pathways to yield
innocuous products?

A

B

Yes

A3. Do the conditions of use of the
flavouring agent or congeneric group
result in an intake greater than the
threshold of concern for the structural
class?
No

No

B3. Do the conditions of use of
the flavouring agent or congeneric
group result in an intake greater
than the threshold of concern for
the structural class?
Yes

Substance or congeneric group
would not be expected to be of
safety concern.
Following
evaluation of all congeneric
groups in the flavouring agent
or NFC proceed to A6.2

Yes

Yes

B4. Does a NOEL exist for the substance which provides an
adequate margin of safety under conditions of intended use, or
does a NOEL exist for members of the congeneric group
which is high enough to accommodate any perceived
difference in toxicity among members of the congeneric
group?

Flavouring agent or NFC would not
be expected to be a safety concern.

Yes

No

No

No

Yes

Adequate data must be
available on the substance to
perform a safety evaluation
based on intake.3

No

A4. Is the substance,
or are its metabolites or
all members of the
congeneric
group
endogenous?

A5. Does a NOEL exist for the substance which provides an
adequate margin of safety under conditions of intended use, or
does a NOEL exist for members of the congeneric group
which is high enough to accommodate any perceived
difference in toxicity among substances in the congeneric
group?

A6. Are all of the congeneric
groups in the flavouring agent or
NFC determined to be of no safety
concern?

Yes

No

B5. Do the
conditions of
use result in
an
intake
greater than
1.5 mg/day?

Yes
No

Additional data
required

No

Substance or congeneric group
would not be expected to be of
safety concern.
Following
evaluation of all congeneric
groups in the flavouring agent
or NFC, proceed to B6.2

B6. Are all of the congeneric
groups in the flavouring agent or
NFC determined to be of no safety
concern?

Yes

Flavouring agent or NFC would
not be expected to be a safety
concern.

NFC, natural flavouring complex
1 If members of the congeneric group have different structural classes, assign the highest structural class to the congeneric group. If the flavouring
agent or natural flavouring complex contains more than one congeneric group, assign a decision tree classification to each of the congeneric groups
that make up the flavouring agent or natural flavour complex.
2 Step A6 and B6 are not applicable to individual flavouring agents with assay values of > 95%.
3 This step was revised by the Committee at its sixty-first meeting, when it noted that in order to perform a safety evaluation of flavouring agents with
intakes above the threshold of concern for their structural class more extensive data are required. Such data would include metabolism and toxicity
data on the substance. Refined estimates of exposure may be needed. Data on structurally related substances may be used to support the evaluation.
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Table 7. Safety evaluation of bois de rose oil a,b
Flavouring agent or
congeneric group of NFC

Structural class I
Aliphatic, alicyclic, and aromatic
saturated and unsaturated
tertiary alcohols and esters

Aliphatic and aromatic hydrocarbons
a,b-Unsaturated straight-chain and
branched-chain aliphatic primary
alcohols, aldehydes, acids and
esters
Structural class II
Aliphatic and alicyclic ethers

Congeneric
group number

Step A3
Does
intake
exceed the
threshold
for human
intake?
(mg/day)c

Step A4
Is the
flavouring
agent or are
its metabolites
endogenous?

6

No
USA: 353

NR

31

No
USA: 15
No
USA: 6

NR

No
USA: 46

NR

3

16

NR

NFC, natural flavouring complex; NR, not required for evaluation because consumption of
the substance was determined to be of no safety concern at step A3 of the decision-tree
a
If members of the congeneric group have different structural classes, assign the highest
structural class to the congeneric group. If the flavouring agent or natural flavouring
complex contains more than one congeneric group, assign a decision-tree classification
to each of the congeneric groups that make up the flavouring agent or natural flavour
complex
b
Step 2: All of the congeneric groups in this NFC are expected to be metabolized to
innocuous products. The evaluation of these congeneric groups therefore proceeded via
the A-side of the decision-tree
c
The thresholds for human intake for structural classes I and II are 1800 and 540 mg/day,
respectively. Daily intake for each congeneric group was calculated by taking the highest
analytical value (%) from the complete analyses and multiplying by the daily per capita
intake (“eaters only”) of the NFC. The daily per capita intake (“eaters only”) is 380
mg/person per day from use of bois de rose oil as a flavouring agent in the USA
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Step A5
Adequate
margin of
safety
for the
flavouring
agent
or related
substance?

Comments

NR

See Annex 1,
reference
138

NR

See note 1

NR

See Annex 1,
references
116 and 132.
Also notes 2
and 3

NR

See note 4

Conclusion for
flavouring
agent or
congeneric
groups based
on current
intake

No safety
concern
No safety
concern
No safety
concern

No safety
concern

Step A6.
Are all of the
congeneric
groups in the
flavouring agent
or NFC
determined to
be of no safety
concern?

J

Yes
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Conclusion for
NFC based on
current intake

Bois de rose
oil would not
be expected
to be of
safety
concern
based on
current
intake

Notes:
1. To be evaluated by the Committee in 2004: aliphatic and aromatic hydrocarbons (Group
2)
2. To be evaluated by the Committee in 2004: a,b-unsaturated aldehydes (Group 3)
3. To be evaluated by the Committee in 2004: monocyclic and bicyclic secondary alcohols
and ketones (Group 4)
4. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation):
aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids, and
related esters
5. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation):
aliphatic and aromatic ethers
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Table 8. Safety evaluation of lemongrass oil a,b
Flavouring agent or
congeneric group of NFC

Congeneric
group
number

Step A3
Does
intake
exceed the
threshold
for human
intake?
(mg/day)c

Step A4
Is the
flavouring
agent or are
its metabolites
endogenous?

3

No
USA: 173

NR

Aliphatic and aromatic hydrocarbons

31

NR

Unsaturated straight and branched chain
ali primary alcohols, aldehydes, acids,
acetals and esters

4

No
USA: 17
No
USA: 12

Straight chain aliphatic primary alcohols,
aldehydes, acids, acetals and esters

1

No
USA: 3

NR

5

No
USA: 3

NR

Aliphatic, alicyclic and aromatic
tertiary alcohols and esters

6

No
USA: 3

NR

Secondary alicyclic saturated and
unsaturated alcohols, ketones, ketals
and esters

8

No
USA: 2

NR

Flavouring agent or
congeneric group of NFC

Congeneric
group
number

Step B3
Does intake
for the agent
or congeneric
group exceed
the threshold
for human
intake?
(mg/day)c

Step B4
Adequate
margin of
safety for the
flavouring
agent or
congeneric
group?

32

No
USA: 3

NR

Structural class I
a,b-Unsaturated straight-chain and
branched-chain aliphatic primary
alcohols, aldehydes, acids and esters

Structural class II
Aliphatic, alicyclic secondary alcohols,
ketones, ketals and esters

Structural class III
Epoxides

NR
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Step A5
Adequate
margin of
safety
for the
flavouring
agent or
related
substance?

Comments

NR

See Annex 1,
references
116, 132 and
155, and
note 2
See note 1

NR

Conclusion
for flavouring
agent or
congeneric
group based
on current
intake

No safety
concern
No safety
concern
No safety
concern

NR

See Annex 1,
reference
138

NR

See Annex 1,
138 reference
132

No safety
concern

See Annex 1,
reference
138
Also note 5
See Annex 1,
reference
138
See note 3

No safety
concern

NR

NR

NR

No safety
concern
No safety
concern

Step B5
Do the
conditions
of use result
in an intake
greater than
1.5 mg/day?

Comments

Conclusion
for flavouring
agent or
congeneric
group based
on current
intake

NR

See note 6

No safety
concern

Step A6/B6
Are all of the
congeneric
groups in the
flavouring agent
or NFC
determined to
be of no safety
concern?

J

Yes
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Conclusion for
NFC based on
current intake

Lemongrass
oil would not
be expected
to be a
safety
concern
based on
current
intake
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Notes to Table 8
NR, not required for evaluation because consumption of the substance was determined to
be of no safety concern at step A3 or B3 of the decision-tree; NFC, natural flavouin
complex
a
If members of the congeneric group have different structural classes, assign the highest
structural class to the congeneric group. If the flavouring agent or natural flavouring
complex contains more than one congeneric group, assign a decision-tree classification
to each of the congeneric groups that make up the flavouring agent or natural flavour
complex
b
Step 2: Seven congeneric groups in this natural flavouring complex are expected to be
metabolized to innocuous products. The evaluation of these congeneric groups therefore
proceeded via the A-side of the decision-tree. Congeneric group 32, epoxides, is in
structural class III; and limited metabolic data exists for this congeneric group. The
evaluation of this congeneric group therefore proceeded via the B-side of the decisiontree
c
The thresholds for human intake for structural classes I, II and III are 1800, 540 and
90 mg/day, respectively. All intake values are expressed in mg/person per day. Daily
intake for each congeneric group was calculated by taking the highest analytical value
(%) from the complete analyses and multiplying by the daily per capita intake (“eaters
only”) of the natural flavouring complex. The daily per capita intake (“eaters only”) is 194
mg/person per day from use of lemongrass oil as a flavouring agent in the USA
Notes:
1. To be evaluated by the Committee in 2004: aliphatic and aromatic hydrocarbons (Group
2)
2. To be evaluated by the Committee in 2004: a,b-unsaturated aldehydes (Group 3)
3. To be evaluated by the Committee in 2004: monocyclic and bicyclic secondary alcohols
and ketones (Group 4)
4. Evaluated by the Committee in 2003 (WHO Food Additives Series 52, in preparation):
aliphatic branched-chain saturated and unsaturated alcohols, aldehydes, acids, and
related esters
5. To be evaluated by the Committee in 2005

3.

CONCLUSIONS AND RECOMMENDATIONS

Procedures that allow the Committee to evaluate individual flavouring agents
as well as natural flavouring complexes are already in place. The examples provided indicate that the modified Procedure for the Safety Evaluation of Flavouring
Agents also works for natural flavouring complexes. It is recommended that
the Committee should evaluate several natural flavouring complexes using the
modified Procedure at a future meeting.
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EXPLANATION

The call for data for the sixty-first meeting referred to this substance as ferrous
bisglycinate. The Committee decided that this name did not accurately describe
the substance being evaluated and therefore agreed that it should be referred to
as “ferrous glycinate (processed with citric acid)”. Ferrous glycinate (processed
with citric acid) is an iron [II] chelate with the amino acid glycine, and also contains citric acid. It is manufactured by the reaction of reduced iron with glycine, in
the presence of citric acid. At chemical equilibrium, > 97% of the ferrous ions are
chelated. The resulting product is spray-dried without prior removal of the citric
acid. The substance is highly hygroscopic and may contain water in variable
amounts.
At its twenty-seventh meeting (Annex 1, reference 62), the Committee allocated a provisional maximum tolerable daily intake of 0.8 mg/kg bw for iron from
all sources, except for iron oxides used as food colouring agents, supplemental
iron taken during pregnancy or lactation, and supplemental iron for specific clinical requirements. At its present meeting, the Committee was asked to comment
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Figure 1. Structural formula of ferrous glycinate
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on the safety of ferrous glycinate as a source of iron for dietary supplementation
and as a fortificant for general use in food products.
The State of São Paulo, Brazil, has mandated the use of milk fortified with
Ferrochel® ferrous glycinate in State-supported assistance programmes for the
prevention and treatment of iron-deficiency and iron-deficiency anaemia in young
children (Pineda, 2001). Other countries that currently use Ferrochel® ferrous glycinate for the fortification of the iron content of foods include seven in Latin America
(Argentina, Chile, Colombia, Ecuador, Mexico, Paraguay, Venezuela), two in
Europe (Italy, Spain), and one in Asia (Thailand), as well as Saudi Arabia and South
Africa (Pineda, 2001; Allen, 2002).

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

Ferrous glycinate consists of one molecule of ferrous iron covalently bound to
two molecules of glycine (see Figure 1) (Ashmead, 2001; Allen, 2002). The iron is
bound to the carboxyl group and the a-amino group of glycine by coordinate covalent bonds, to form two heterocyclic rings (Atkins & Beran, 1992; McMurry & Fay,
1995). This 1 : 2 metal to ligand ratio restricts reaction with dietary inhibitors of iron
absorption, neutralizes the valence of the ferrous iron, and protects gastrointestinal surfaces from irritation by the iron (Jeppsen, 2001; Allen, 2002). This structure
makes ferrous glycinate an ideal fortificant for foods with a high content of absorption inhibitors such as phytate (Jeppsen, 2001).
The commercial food-grade formulation of ferrous glycinate is called Ferrochel®
ferrous glycinate, and consists of 77% ferrous glycinate chelate, 17% citric acid,
4% moisture, 2% maltodextrin, and < 0.1% silicon dioxide by weight. The chelate
itself consists of 27% iron and 73% glycine by weight, while 20% iron is present
in the hydrated form of the compound. All components of Ferrochel® ferrous
glycinate are acceptable food additives that meet appropriate food-grade
specifications.
The solubility of iron from Ferrochel® ferrous glycinate is not affected by
changes in pH (e.g. from pH 2 to pH 6) (García-Casal et al., 1997; García-Casal
& Layrisse, 2001). Ferrochel® ferrous glycinate has weak pro-oxidant properties
and is stable when exposed to air and ambient temperatures (Olivares et al., 1997).
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In a study by Hendricks & Ashmead (1995), Ferrochel® ferrous glycinate was
added to milk and yoghurt at concentrations providing iron at 3 mg/l, and to corn
flour at a concentration providing approximately 9.1 mg/kg. The milk, yoghurt and
corn flour fortified with Ferrochel® ferrous glycinate were packaged in sterile containers and stored in a freezer, in a refrigerator, or at room temperature (22 °C).
Before packaging, Ferrochel® ferrous glycinate-fortified milk was also subjected to
homogenization and pasteurization. Lipid peroxidation was measured by the presence of thiobarbituric acid-reactive substances (TBARS) in Ferrochel® ferrous
glycinate-fortified milk and yoghurt after 3, 10, and 18 days of storage, and in the
fortified corn flour after 4 weeks of storage. There were no significant differences
in bacterial growth or in the quantity of TBARS produced in control and Ferrochel®
ferrous glycinate-fortified milk and yoghurt after 3, 10 or 18 days of storage, at any
of the temperatures examined; however, after 18 days of storage, the control milk
had spoiled, while the Ferrochel® ferrous glycinate-fortified milk had not. Similarly,
no significant differences in lipid peroxidation were noted between control and
Ferrochel® ferrous glycinate-fortified corn flour after 4 weeks of storage at any of
the temperatures examined.
Similar results were reported by Umbelino et al. (2001) after examination of
the organoleptic characteristics (fermentation time, pH, titratable acidity, viscosity,
consistency, iron concentration and sensory properties) of soya bean yoghurt fortified with iron at 12 mg/l as Ferrochel® ferrous glycinate, with no alterations in fermentation time, titratable acidity or the sensory and rheologic properties of the
soya bean yoghurt.
The organoleptic characteristics of margarine fortified at a concentration of 20
or 60 mg/kg with Ferrochel® ferrous glycinate were evaluated every 30 days for
120 days (Name, 1996). Control margarine received a rating of “good” upon evaluation on days 30, 60, and 90 of the study, and a rating of “bad” on study day 120.
Margarine fortified with Ferrochel® ferrous glycinate at 20 mg/kg was rated “acceptable” up to day 90, and “bad” on day 120 of the study. Conversely, margarine fortified at a level of 60 mg/kg received ratings of “acceptable” on days 30 and 60,
and ratings of “bad” on days 90 and 120 of the study.
A panel of 15 judges trained in descriptive analyses who evaluated the sensory
quality of maize meals fortified with ferrous glycinate providing iron at 30 or 60
mg/kg meal, reported no difference in colour between unfortified meals and meals
fortified with ferrous glycinate. The degree of lipid oxidation in the meals was evaluated by measuring of hexanal production after storage. Maize meals fortified with
ferrous glycinate and stored for 20 days at temperatures of 30, 40, or 50 °C were
more rancid (as reflected by high hexanal production) than unfortified maize meals,
or those fortified with iron sulfate (FeSO4), ferric trisglycinate, or NaFe–EDTA. The
addition as antioxidants of butylated hydroxyanisole at 100 ppm or butylated
hydroxytoluene at 200 ppm, singly or in combination with citric acid, decreased
hexanal production in maize meals fortified with ferrous glycinate (Bovell-Benjamin
et al., 1999).
Despite the results of Bovell-Benjamin et al. (1999), 40 infants aged 6–24
months and their mothers found unfortified maize meals and meals that had been
fortified with ferrous glycinate, providing iron at 30 mg/kg and stored at 30 °C for
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20 days (Bovell-Benjamin et al., 1998) equally acceptable. Additionally, the acceptability rating of ferrous glycinate-fortified maize meal was not affected by the addition of butylated hydroxyanisole at 50 ppm.
2.2.1

Absorption and excretion of iron from ferrous glycinate

Iron is a normal constituent of the diet and of the body, and is absorbed from
the gastrointestinal tract by one of two pathways, depending on whether the iron
is in the organic (haem) or inorganic (non-haem) form. Dietary haem iron, which
is derived primarily from haemoglobin and myoglobin in meat, is absorbed into the
intestinal cells as the intact porphyrin complex (INACG, 1993; IOM, 2001). Iron is
released from this complex by the haem oxygenase enzyme and transferred to the
bloodstream for transport, together with other iron taken up by the cells (INACG,
1993). Haem iron is highly bioavailable (20–25% absorption) and is relatively
unaffected by dietary factors (INACG, 1993; IOM, 2001). Non-haem iron, which
is derived from various food sources (e.g. vegetables, dairy products, meat and
dietary iron fortificants), is solubilized and transferred into a common pool of nonhaem iron located in the lumen of the upper gastrointestinal tract (Cook et al.,
1972; INACG, 1993; IOM, 2001; MacPhail, 2001). In contrast to haem iron, the
amount of non-haem iron absorbed from this pool is greatly affected by the presence of ligands in undigested or partially digested foods, which either enhance
(e.g. ascorbic acid) or inhibit (e.g. polyphenols, phytate) absorption (Cook et al.,
1972; INACG, 1993; IOM, 2001; MacPhail, 2001). Additionally, some insoluble
forms of iron may be ingested; they therefore do not enter the common non-haem
iron pool and are not absorbed (INACG, 1993).
Ferrous glycinate (processed with citric acid) enters the intestinal intraluminal
pool of inorganic, non-haem iron. The absorption of ferrous glycinate in the intestine would be expected to follow the general mechanism of absorption for amino
acid–metal chelates proposed by Ashmead et al., (1985), whereby ferrous glycinate is absorbed intact via the dipeptide pathway and subsequently hydrolysed
into its respective iron and glycine components in the intestinal mucosa. In studies
in which 59FeSO4 and 55Fe-glycinate (55Fe-Ferrochel® ferrous glycinate) were
administered together in a whole-maize or wheat-flour meal (Allen et al., 1998;
Bovell-Benjamin et al., 2000; Layrisse et al., 2000), significantly more iron was
absorbed from ferrous glycinate (or Ferrochel® ferrous glycinate) than from FeSO4.
There was no exchange of radiolabelled iron (i.e. 59Fe and 55Fe) between ferrous
glycinate (or Ferrochel® ferrous glycinate) and FeSO4 in the non-haem iron pool
prior to intestinal absorption, indicating that ferrous glycinate (or Ferrochel® ferrous
glycinate) was absorbed intact into the mucosal cells of the intestine (Allen et al.,
1998; Bovell-Benjamin et al., 2000; Layrisse et al., 2000).
After absorption into the mucosal cells, the iron is hydrolysed and then distributed, reversibly bound to transferrin, for use in proteins, including storage
proteins (e.g. ferritin and haemosiderin), transport proteins (e.g. transferrin
and lactoferrin), haem-containing proteins (e.g. haemoglobin, myoglobin, and
cytochromes), and enzymes (e.g. iron-containing and activated non-haem
enzymes, iron-sulphur enzymes or flavoproteins) (IOM, 2001; MacPhail, 2001).
The average total concentration of body iron is approximately 50 and 40 mg/kg bw
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in men and women, respectively (Bothwell et al., 1979). Iron in storage proteins
makes up about 20–30% of the iron in the body, and primary iron storage sites
have been identified in the cells of the liver, spleen and bone marrow. Approximately 60–70% of total body iron is present in the haemoglobin of circulating erythrocytes, while 10% has been identified in myoglobin, cytochromes, and other
iron-containing enzymes (IOM, 2001). The amount of iron in the body is highly conserved, with daily basal losses of 0.60 mg in men, 0.64 mg in non-menstruating
women, and 1.20 mg in menstruating women (Green et al., 1968). The majority of
iron loss has been reported to be a consequence of faecal excretion. Iron losses
also may occur in the urine, gastrointestinal tract and skin, which contribute
approximately 0.08, 0.60, and 0.20–0.30 mg of the iron, respectively, that is lost
from the body per day (Green et al., 1968; IOM, 2001).
After dissociation from ferrous glycinate, the free amino acid, glycine, is used
in normal metabolic processes. Glycine, the smallest of the amino acids, is essential for the biosynthesis of nucleic acids and other amino acids, as well as proteins,
such as collagen and elastin. In addition, glycine functions as a major inhibitory
neurotransmitter in the spinal cord and brainstem of the central nervous system
(Lodish et al., 1995; Silverthorn, 1998).
2.1.2

Bioavailability of iron from ferrous glycinate

Ferrous fumarate and ferrous sulfate lose solubility as pH increases toward
neutrality (García-Casal et al., 1997). Aided by its high solubility at physiological
pH (García-Casal & Layrisse, 2001), ferrous glycinate (or Ferrochel® ferrous glycinate) maintains high iron bioavailability in foods, despite the presence of iron
absorption inhibitory factors such as phytic acid, which form insoluble complexes
with iron (Bovell-Benjamin et al., 2000; Layrisse et al., 2000). The absorption of
iron from ferrous glycinate (or Ferrochel® ferrous glycinate) is regulated physiologically by the body’s iron status; like other iron compounds (Olivares et al., 1997;
Allen et al., 1998; Iost et al., 1998; Bovell-Benjamin et al., 2000; Layrisse et al.,
2000; Giorgini et al., 2001; Olivares & Pizarro, 2001). Therefore, fortification of
foods with ferrous glycinate (or Ferrochel® ferrous glycinate) would not be expected
to result in iron overload in otherwise normal populations.
Ferrous glycinate (or Ferrochel® ferrous glycinate) has been used in numerous
studies of absorption conducted to assess iron absorption and/or iron status in
healthy volunteers and in populations with low iron status. In several studies,
ferrous ascorbate was administered as a reference dose under standardized conditions in order to minimize the effects of individual variations in absorptive capacity (i.e. absorption of iron from a given test meal/carrier food is expressed as a
ratio to the reference dose) (Baynes et al., 1987). In each study, the carrier foods
used to administer the iron, the level of use, and the resulting exposures to iron
have been identified for comparison.
A comparative study of the absorption of iron from ferrous glycinate, ferric trisglycinate, and iron sulfate in a whole-maize meal was conducted by BovellBenjamin et al. (2000). Ten male healthy volunteers (aged 19–30 years) with
normal iron status were provided with a porridge meal (consisting of 87.5 g whole-
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maize meal in 625 ml boiling water, 50 g dry non-fat milk, 125 g margarine, and 37
g Jamaican brown sugar) fortified with iron at 11 mg/kg maize as 59FeSO4 on day
1, and as 55Fe-glycinate on day 2. The total iron content of the meal was reported
to be about 1.9 mg/serving. Fourteen days later (on day 16 of the study), fasting
blood samples were obtained from each of the men for measurement of the
amount of 59Fe and 55Fe incorporated into erythrocytes. Pre-study blood samples
also were obtained for measurement of baseline serum ferritin, haemoglobin, and
erythrocyte radioactivity. Assuming that 85% of absorbed radioactivity was incorporated into erythrocytes, iron absorption was calculated from the estimated blood
volume of each subject. The geometric mean percentage of iron absorbed from
ferrous glycinate (6%) was significantly greater than from FeSO4 (1.7%) in a wholemaize porridge. After fasting blood samples had been taken on day 16, the men
ate a whole-maize porridge fortified with iron (as FeSO4) at 0.011 mg/g of maize
and containing a mixture of 55.5 kBq 59FeSO4 and 111 kBq 55Fe-glycinate. Blood
samples were again drawn from the men 14 days later (on day 31 of the study)
for measurement of radioactivity incorporated into erythrocytes. The percentage of
absorption from each source of iron was unaffected by the simultaneous presence
of the respective sources. As reported after consecutive administration, a significantly greater geometric mean percentage of iron was absorbed from ferrous glycinate (6.8%) than from FeSO4 (1%). Additionally, when the results for the 31-day
study period were combined, the average absorption of iron from ferrous glycinate
was reported to be significantly higher (4.7-fold) than from FeSO4. Plasma ferritin
values were reported to be negatively correlated with the percentage of iron
absorbed from both sources of iron, which the authors indicated to be suggestive
of down-regulation of iron absorption when iron reserves were sufficient. The men
who absorbed the least or the most iron from FeSO4 were also reported to have
absorbed the least or most iron from ferrous glycinate.
In a second study by Bovell-Benjamin et al. (2000), 23 healthy, non-pregnant
female volunteers (aged 18– 48 years) with a wide range of iron statuses were
given a dose of ferrous ascorbate reference solution (30 mg ascorbic acid and 3
mg iron as 59FeSO4) before or after drinking a solution containing 3 mg of iron as
55
Fe-glycinate in 10 ml distilled water. Baseline blood radioactivity and serum ferritin, and haemoglobin concentrations were determined for each woman from blood
samples obtained before treatment. Two weeks later (on day 16 of the study),
fasting blood samples were obtained from each woman for measurement of the
amounts of 59Fe and 55Fe incorporated into erythrocytes. Complete data were available for only 21 women asone woman withdrew for personal reasons and the data
for another woman were discarded because of technical problems. Geometric
mean iron absorption from the ferrous ascorbate reference dose (32.5%) was
reported to be significantly higher than that from ferrous glycinate (9.1%). After
fasting blood samples had been drawn on days 16 and 17, the women were randomly assigned to drink water containing 55.5 kBq 59Fe-trisglycinate or to eat
whole-maize porridge fortified with iron (as 111 kBq 55Fe-trisglycinate at 11 mg)/kg
of maize. The total iron content of the meal was reported to be 1.863 mg/serving.
Blood samples were drawn from the women 14 days later (on day 31 of the study)
for measurement of radioactivity incorporated into erythrocytes. Significantly more
iron was absorbed from ferric trisglycinate administered in water (15.3%) than from
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ferric trisglycinate administered in whole-maize porridge (2.3%). The percentages
of the geometric mean of iron absorption in water were significantly different for
the three sources of iron: ferrous ascorbate (32.5%) > ferric trisglycinate (15.3%)
> ferrous glycinate (9.1%). Although in the first study significantly less iron was
observed after administration of FeSO4 in whole-maize porridge than after administration in water (as the reference dose, ferrous ascorbate), in this study no significant difference in iron absorption was reported from water or maize. On the
basis of a highly significant negative correlation noted between iron absorption
from any of the three sources of iron (ferrous ascorbate, ferrous glycinate, or ferric
trisglycinate) and serum ferritin, the authors concluded that there is an effective
down-regulation of iron absorption as iron reserves increase. They also concluded
that the iron from ferrous glycinate does not exchange with the non-haem iron pool
before intracellular incorporation; however, once inside the cell, its absorption is
regulated by the same mechanisms as iron from FeSO4. Additionally, they concluded that ferrous glycinate is an effective and safe source of iron for use as a
fortificant, particularly in foods rich in phytate.
The bioavailability of iron from an aqueous solution of ferrous glycinate (as
Ferrochel® ferrous glycinate) was studied in a group of 14 healthy, non-pregnant,
female volunteers aged 27–51 years (Olivares & Pizarro, 2001). The women were
given 200 ml of an aqueous solution containing 111 kBq 55Fe-Ferrochel® ferrous
glycinate on day 1 and a similar volume of a reference dose solution containing
37 kBq 59Fe-ascorbate on day 2, to correct for interindividual differences in iron
status (both solutions providing 3 mg iron/day). Blood samples were obtained from
each of the subjects 2 weeks later (on day 16 of the study) for measurement of
erythrocyte radioactivity and iron status (i.e. haemoglobin, mean cell volume, free
erythrocyte protoporphyrin, serum iron, total iron-binding capacity (TIBC) and
serum ferritin). The bioavailability of iron from aqueous solutions of Ferrochel®
ferrous glycinate and ferrous ascorbate was reported to be 34.6% and 29.9%,
respectively. Upon standardization to 40% absorption of the reference dose of
ferrous ascorbate, the corresponding absorption of iron from Ferrochel® ferrous
glycinate was 46.3% (in a population with low iron stores). Nevertheless, these
values were reported to be not significantly different for the two iron preparations.
A significant inverse correlation was reported between the natural logarithm values
of serum ferritin and iron absorption from Ferrochel® ferrous glycinate. According
to the authors, this inverse relationship suggests regulation of iron absorption from
Ferrochel® ferrous glycinate by iron stores (i.e. serum ferritin). This conclusion was
further confirmed by a highly significant correlation between the natural logarithm
values of iron absorption from aqueous solutions of ferrous ascorbate and Ferrochel® ferrous glycinate.
Olivares et al. (1997) studied the bioavailability of iron supplied as Ferrochel®
ferrous glycinate administered in water or milk to groups of 14 healthy, non-pregnant female volunteers aged 33–51 years. In the first study, one group of women
received 200 ml of an aqueous solution containing 15 mg/l of iron as 111 kBq 55FeFerrochel® ferrous glycinate on day 1, and 200 ml of a reference dose solution containing 15 mg/l of iron as 37 kBq 59Fe-ascorbate on day 2 (both solutions providing
approximately 3 mg iron/day). Venous blood samples were obtained from each
of the subjects 2 weeks later (on day 16 of the study) for measurement of
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erythrocyte radioactivity and iron status indicators (i.e. haemoglobin, mean cell
volume, free erythrocyte protoporphyrin, serum iron, TIBC and serum ferritin). The
women subsequently received 200 ml of whole cows’ milk fortified with 15 mg/l of
iron as 111 kBq 55Fe-Ferrochel® ferrous glycinate (equivalent to 3 mg iron/day). Two
weeks later (on day 31 of the study), venous blood samples were once again
obtained for measurement of circulating erythrocyte radioactivity. The absorption
of iron the two aqueous solutions of Ferrochel® ferrous glycinate (34.6%) and
ferrous ascorbate (29.9%) was not significantly different between; however, a significantly lower iron bioavailability was reported from Ferrochel® ferrous glycinate
administered in milk (8.3%) compared to that from Ferrochel® ferrous glycinate
administered in water. Upon standardization of iron absorption to 40% of the reference dose of ferrous ascorbate, the corresponding percentages of iron absorption from Ferrochel® ferrous glycinate-fortified milk and water were 11.1% and
46.3%, respectively.
In a second study by Olivares et al. (1997), a group of 14 women were given
200 ml of an aqueous solution containing 15 mg/l of iron as 37 kBq 59Fe-ascorbate
on day 1, and 200 ml of whole cows’ milk fortified with 15 mg/l of iron as 111 kBq
55
Fe-Ferrochel® ferrous glycinate plus 100 mg/l of ascorbic acid on day 2 (both solutions providing approximately 3 mg iron/day). For measurement of circulating
radioactivity and determination of iron status, blood samples were obtained from
the women on day 16 of the study. Fortification of whole cows’ milk with Ferrochel®
ferrous glycinate and ascorbic acid slightly increased iron absorption, from 8.3%
to 10.7%, and from 11.1% to 15.4% when adjusted to 40% absorption of the reference dose, with the latter increase being statistically significant. To account for
interindividual differences in iron status, the ratio of iron absorption from milk fortified with Ferrochel® ferrous glycinate to that from the reference dose solution
(from study 1) was compared with the ratio of iron absorption from milk fortified
with Ferrochel® ferrous glycinate plus ascorbic acid to that from the reference dose
solution (from study 2). The ratio of iron absorption obtained from study 2 was significantly higher than that obtained from study 1. Significant inverse relationships
were reported between serum ferritin and iron absorption from an aqueous solution of Ferrochel® ferrous glycinate or ferrous ascorbate. Additionally, the amount
of iron absorbed from ferrous ascorbate was significantly and directly related to
that absorbed from Ferrochel® ferrous glycinate in water or in milk (with ascorbic
acid). According to the authors, these results suggested a controlled effect of
the iron stores (i.e. serum ferritin) of the women on the absorption of iron from
Ferrochel® ferrous glycinate. The amount of iron absorbed from milk fortified with
Ferrochel® ferrous glycinate and ascorbic acid was not significantly correlated with
serum ferritin or with the amount absorbed from the ferrous ascorbate reference
dose solution. Therefore, the authors concluded that ascorbic acid had no
significant effect on the absorption of iron from Ferrochel® ferrous glycinatefortified milk.
A comparative study of the bioavailability of iron from Ferrochel® ferrous glycinate, Fe–EDTA, and FeSO4 was conducted by Layrisse et al. (2000). A total of 74
healthy volunteers aged 15–50 years (18 male and 56 female) of low socioeconomic status in Valencia, Venezuela, participated in five studies of absorption.
Each person was allowed to participate in only one study, and participation was
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determined by random selection. The number of participants and the meals administered in each study are presented in Table 1.
Blood samples were obtained from each person 15 days after they had eaten
the appropriate meals (i.e. on days 16 and 30 of the study) for measurement of
erythrocyte radioactivity and haemoglobin and serum ferritin concentrations. In
study 1, significantly more iron was absorbed from foods fortified with Ferrochel®
ferrous glycinate (8.4%) or FeEDTA (10.5%) than from unfortified (3.2%) or FeSO4fortified foods (4.7%). The mean iron absorption of 4/13 subjects who were irondeficient in study 1 also was also reported to be significantly greater from foods
fortified with Ferrochel® ferrous glycinate (13%) or FeEDTA (14%), than from foods
fortified with FeSO4 (6%). In study 2, significantly more iron was absorbed from
foods fortified with Ferrochel® ferrous glycinate (10.8%) or FeEDTA (14.9%) than
from unfortified (3.0%) or FeSO4-fortified foods (5.3%). The mean iron absorption
of 4/13 subjects who were iron-deficient in study 2 also was reported to be significantly higher from foods fortified with Ferrochel® ferrous glycinate (12%) or
FeEDTA (15%), compared to that from foods fortified with FeSO4 (7%). In study 3,
significantly more iron was absorbed from Ferrochel® ferrous glycinate, than from
FeSO4 when they were administered together or in different meals. The percentages of iron absorbed from meals A (fortified with FeSO4 and Ferrochel® ferrous
glycinate), B (fortified with FeSO4), and C (fortified with Ferrochel® ferrous glycinate) were reported to be 8.3%, 5.8%, and 9.7%, respectively; however, the difference in iron absorption between meals A and C was not statistically significant.
Administration of 4 g of coffee or 1.6 g of tea with Ferrochel® ferrous glycinate-fortified corn meal (study 4) significantly decreased iron absorption from 7.5% to
3.9%; however, no significant change in iron absorption was observed when 2 g
of coffee were taken with Ferrochel® ferrous glycinate-fortified corn meal (6.7%).
In study 5, addition of phytase to corn flour meals fortified with FeSO4 and
Ferrochel® ferrous glycinate significantly increased iron absorption, from 5.1% to
10.1% and from 7.9% to 13.2%, respectively.
Allen et al. (1998) conducted a study involving the fortification of high-fat, unde-germed maize with iron as 59FeSO4 or 55Fe-glycinate at 11 mg/g given to 10
fasted non-anaemic male volunteers (aged 19–30 years). The men ate a maize
porridge meal containing 55.5 kBq 59FeSO4 at breakfast on day 1, and a similar
meal containing 111 kBq 55Fe-glycinate at breakfast on day 2. Blood samples were
collected before the start of the study and 2 weeks after the second maize porridge meal had been eaten (i.e. on day 15 of the study). On day 15, the subjects
were given maize porridge meals containing both 55.5 kBq 59FeSO4 and 111 kBq
55
Fe-glycinate. Two weeks later, blood samples were taken for measurement of
erythrocyte radioactivity. Blood analysis indicated that four to seven times more
iron was absorbed from ferrous glycinate than from FeSO4. When the data were
analysed by analysis of variance, the differences in absorption from the two
sources of iron were highly significant. The mean values for iron absorption from
ferrous glycinate-fortified meals were reported to be 8.68% and 6.95% when
administered with and without FeSO4, respectively, while the mean values for
absorption from FeSO4-fortified meals were 1.3% and 1.59% when administered
with and without ferrous glycinate, respectively. Additionally, a negative correlation
between ferritin and iron absorption was noted with both compounds, which the

13 (1 male
12 female)

17 (all female)

17 (8 male,
9 female)

14 (5 males,
9 female)

2

3

4

5

3

2

Basal wheat flour meal
+ 3 mg of iron as 55FeSO4
on the afternoon of day 1

Basal wheat flour meal3
on the morning of
day 1

Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate + 2 g of
a coffee beverage on
day 1
Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate on
day 1

Basal wheat flour meal
+ 3 mg of iron as 59FeSO4
on day 15

Basal corn flour meal + 3 mg
of iron as 55FeSO4 on
afternoon of day 1

Basal corn flour meal2
on the morning of
day 1

Basal wheat flour meal
+ 3 mg of iron as
59
FeSO4 + 3 mg of
iron as 55FeFerrochel® ferrous
glycinate on day 1
Basal corn flour meal
+ 3 mg of iron as
59
Fe-Ferrochel®
ferrous glycinate on
day 1
Basal corn flour meal
+ 3 mg of iron as
59
FeSO4 on day 1

Meal B

Meal A

Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate + 4 g of
a coffee beverage on
day 15
Basal corn flour meal + 3 mg
of iron as 59FeSO4 + 304 U
of phytase on day 15

Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate on the
morning of day 15
Basal wheat flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate on the
morning of day 15
Basal wheat flour meal + 3 mg
of iron as 55Fe-Ferrochel®
ferrous glycinate on
day 15

Meal C

Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate + a tea
beverage (containing 1.6 g
of tea leaves) on day 15
Basal corn flour meal + 3 mg
of iron as 59Fe-Ferrochel®
ferrous glycinate + 304 U
of phytase on day 15

Basal wheat flour meal
+ 3 mg of iron as 55Fe–
EDTA on the afternoon
of day 15
—

Basal corn flour meal + 3 mg
of iron as 55Fe–EDTA on
the afternoon of day 15

Meal D

Table adapted from Layrisse et al. (2000)
The basal corn flour meal consisted of 100 g pre-cooked corn flour + 50 g cheese + 10 g margarine, with a basal iron content of 1.5 mg
The basal wheat flour meal consisted of 100 g white wheat flour + 50 g cheese + 10 g margarine, with a basal iron content of 1.6 mg

13 (4 male
9 female)

1

1

No. of
subjects

Study
No.

Table 1. Composition of meals fortified with Ferrochel ® ferrous glycinate, FeSO4, or Fe–EDTA administered to volunteers
participating in studies of iron absorption1
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authors reported to be suggestive of similar regulation of iron absorption by iron
status for both iron sources.
Groups of infants aged 9 months participated in two studies of the bioavailability of iron from puréed vegetable meal and from whole-grain cereal fortified with
[57Fe]- or [58Fe] ferrous glycinate or FeSO4 (Fox et al., 1998). Solutions of the two
iron compounds were used to fortify the meals, and in all cases, 0.83 mg of ascorbic acid was added per mg of iron present in [57Fe]- or [58Fe]-FeSO4 solutions to
reduce ferric iron to the ferrous form. In study 1, 22 infants (12 female and 10
male) with normal iron status (mean haemoglobin concentration, 114 g/l) were randomly assigned to two groups and given 150 g of commercial puréed vegetable
weaning food (containing 1.62 mg of iron per serving) comprising parsnips, potatoes, cauliflower and milk, and fortified with FeSO4 or ferrous glycinate at 1.4 mg
per serving as. One group received puréed vegetable meals fortified with [57Fe]FeSO4 or [58Fe]-glycinate, while the other group received similar meals fortified
with [58Fe]-FeSO4 or [57Fe]-glycinate, both on alternating days for 8 days. Fourteen
days after the last test meal, all the infants were subjected to heel-prick blood
sample testing, iron isotope ratio and body weight were measured, and blood
volume was estimated. The mean per cent incorporation of iron from FeSO4 (9.1%)
and ferrous glycinate (9.8%) into haemoglobin was reported to be not significantly
different. In a second study, 24 infants (8 female and 16 male) with normal iron
status (mean haemoglobin concentration, 118 g/l) were randomly divided into two
groups and given 150 g of a puréed vegetable meal (as in study 1) or 20 g of a
dry, commercial, whole-grain cereal food (containing 1.57 mg of iron per serving)
made from wheat, rye, oats, rice, wheat bran, and 120 g milk, and fortified with
FeSO4 or ferrous glycinate at 1.4 mg iron per serving as. Group 1 received [57Fe]or [58Fe]-FeSO4, with the puréed vegetable meal or whole-grain cereal meal,
administered alternately. Group 2 received [57Fe]- or [58Fe]-glycinate alternately
with the same meals as group 1. Heel-prick blood samples were obtained from the
infants 14 days after the last test meal, and body weights were measured and total
circulating blood volume estimated. As in study 1, the mean incorporation of iron
from FeSO4 (9.1%) and from ferrous glycinate (9.8%) into haemoglobin was not
significantly different when these substances were administered to infants in a
puréed vegetable meal. Lower iron bioavailability was, however, reported for
FeSO4 (3.8%) and ferrous glycinate (5.2%) administered in a whole-grain cereal
meal, although this difference was not statistically significant. The authors attributed the significantly lower iron bioavailability from the whole-grain cereal meal to
its significantly higher phytic acid content (77.5%) compared to that of the puréed
vegetable meal (22.1%). According to Fox et al. (1998), the inhibiting effect of
phytic acid on the bioavailability of iron from ferrous glycinate suggested dissociation of iron from the iron–glycine complex and its subsequent incorporation into
the common non-haem iron pool in the gastrointestinal tract.
2.1.3

Biotransformation

Both the iron and glycine components of ferrous glycinate are metabolized via
normal metabolic processes, without the generation of exogenous chemicals as a
result of biotransformation.1
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Influence of ferrous glycinate on the chemistry of nutrients

As previously noted, the chemical structure of ferrous glycinate confers protection from oxidation and other chemical reactions with compounds in the food
matrix. The addition of ferrous glycinate to multivitamin preparations has been
reported not to affect the stability of vitamins.
Iron Metalosate®, an animal feed supplement consistingof iron amino acid
chelates containing ferrous glycinate, added to provide a concentration of iron of
5 mg/ml to a solution of vitamin A (20 000 UI/ml), had no effect on the level of vitamin
A over 324 days (Marchetti et al., 2000). An accelerated degradation of vitamin A
activity was, however, observed in the presence of 5 mg/ml of ferrous chloride.
The stability of vitamins and minerals was assayed in a 17-month study of a
preparation in which several metal amino acid chelates and a multivitamin preparation containing vitamins A, C, D and E, and the vitamin B series were integrated
into a powdered blend and subsequently encapsulated (Ashmead & Ashmead,
1995). Each capsule was formulated to contain Chelazome® metal amino acid
chelates of copper, manganese, and zinc at concentrations of 0.45–0.55 mg,
0.86–1.05 mg, and 1.37–1.67 mg, respectively. Additionally, 36–44 mg of chromium
(as the chelate product Chromium Chelavite®) and 1.8–2.2 mg of iron supplied as
Ferrochel® ferrous glycinate were incorporated into each capsule. The stability of
these chelated products was demonstrated by a lack of interaction between the
metal amino acid chelates and any of the components of the capsules, including
the vitamins, which were reported to retain levels within the specifications of the
United States Pharmacopeia for the duration of the study.
2.2

Toxicological studies

2.2.1

Acute toxicity

The oral LD50 for ferrous glycinate (as Ferrochel® ferrous glycinate) was determined to be 2800 mg/kg bw in male and female rats, which corresponds to an
iron concentration of approximately 560 mg/kg bw (95% CI, 399–786 mg/kg bw)
(Kukulinski, 1993; Jeppsen & Borzelleca, 1999). Signs of toxicity observed in the
rats included hunched posture, hypoactivity, hypothermia, prostration, poor coordination, and loose stools.
2.2.2

Short-term toxicity

A range-finding study was conducted in CD Sprague-Dawley rats. Groups of
three male and three female rats received 0, 300, or 500 mg/kg bw of ferrous glycinate (as Ferrochel® ferrous glycinate, containing 20.34% iron and 55% chelated
glycine by weight) orally by gavage for 14 days. These treatments corresponded
to doses of iron of approximately 0, 60, and 100 mg/kg bw per day. The rats were
observed twice daily for signs of morbidity or mortality, and body weights and food
consumption were measured weekly. The animals were killed at the end of the
treatment period and a complete gross pathological examination was conducted.
No deaths occurred during the study. With the exception of a red focus in the
glandular portion of the stomach and thick black material in the caecum of female
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receiving the highest dose (500 mg/kg bw), no other clinical findings were reported
in any of the rats treated with Ferrochel® ferrous glycinate (Jeppsen & Borzelleca,
1999).
On the basis of the results of the 14-day range-finding study, groups of CD
Sprague-Dawley rats (20 of each sex per group) were fed ferrous glycinate (as
Ferrochel® ferrous glycinate) in the diet at a concentration of 0, 100, 250, or
500 mg/kg bw per day for 13 weeks (Jeppsen & Borzelleca, 1999; Mandella, 2000).
The actual daily intake of Ferrochel® ferrous glycinate was reported to be 0, 99.6,
249, and 497 mg/kg bw for males, and 0, 99.4, 247.3, and 499.4 mg/kg bw for
females. This study was conducted in compliance with the United States Food and
Drug Administration regulations for good laboratory practices. The animals were
given access to water ad libitum. They were observed twice daily for signs of pharmacological or toxicological effects, morbidity and mortality, and a thorough physical examination was performed three times before initiation of the study, as well
as weekly thereafter. Food consumption was measured twice and body weights
were measured three times before the start of the study, and weekly thereafter.
Ophthalmoscopic examinations were performed on each animal before initiation
of the study and before necropsy at the end of 13 weeks of treatment. Blood
samples were drawn for determination of haematological and clinical chemical
parameters. The haematological parameters evaluated included haemoglobin concentration, erythrocyte volume fraction, erythrocyte count and morphology, reticulocyte count, platelet count, mean corpuscular volume, mean corpuscular
haemoglobin concentration, prothrombin time, activated partial thromboplastin
time, and total and differential leukocyte counts. The clinical chemistry parameters
evaluated included the activities of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase and g-glutamyl transferase, the concentration of
blood urea nitrogen, fasting glucose, total protein, albumin, globulin (calculated),
albumin : globulin ratio (calculated), creatinine, total bilirubin, sodium, potassium,
chloride, calcium and inorganic phosphorus. Upon gross necropsy of all animals
at the end of 13 weeks, the adrenal glands, brain, kidneys, testes with epididymides, liver, ovaries, thymus, spleen and stomach were removed and weighed.
A total of 60 samples of tissues and organs (including the lungs, liver, and kidney)
from animals in the control groups and groups receiving the highest dose (500
mg/kg bw per day) were preserved for histopathological examination, and on the
understanding that any tissue found to be abnormal in animals in the group receiving the high dose would also be examined in animals receiving the two lower
doses. No deaths occurred during the study, and no compound-related, dosedependent adverse effects on cageside observations, the results of physical and
ophthalmoscopic examinations, body-weight gain, food consumption, haematological and clinical chemistry parameters, and absolute and relative organ weights
were reported. Male rats at all doses and females at the highest dose had significantly increased food consumption at several intervals throughout the study, but
this was not considered to be toxicologically significant. The mean hepatic nonhaem iron concentration was increased by approximately 1.6-fold in males at the
two higher doses, and by about 1.4-fold in females at the highest dose of Ferrochel® ferrous glycinate, compared with controls. These increases were not linearly related to dose, however, indicating the presence of a physiological control
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on the absorption and distribution of the iron from Ferrochel® ferrous glycinate. No
significant differences in mean haemoglobin concentration or erythrocyte volume
fraction were reported. Slight but statistically significant increases in mean corpuscular volume and haemoglobin were reported in males receiving the highest
dose when compared to controls, but these values remained within the normal
range, and were therefore not considered to be toxicologically significant. Males
receiving the two lower doses had significantly lower concentrations of potassium
than controls, and males receiving the intermediate dose also had decreased activity of aspartate aminotransferase; however, these effects were not related to dose
and were considered not to be toxicologically significant. Two females receiving
the intermediate dose had significantly increased absolute and relative spleen
weights when compared with controls, but these effects were not considered to be
toxicologically significant owing to the absence of a dose–response relationship.
Histopathological examination revealed no biologically or statistically significant,
dose-dependent, macroscopic or microscopic findings that could be attributed to
treatment with Ferrochel® ferrous glycinate. The NOAEL for Ferrochel® ferrous glycinate was 500 mg/kg bw per day, corresponding to a dose of iron of approximately
100 mg/kg bw per day.
2.2.3

Long-term studies of toxicity and carcinogenicity

No information was available.
2.2.4

Genotoxicity

No information was available.
2.2.5

Reproductive toxicity

No information was available.
2.2.6

Observations in humans

Ferrous glycinate (or Ferrochel® ferrous glycinate) has been used in field trials
as a source of iron for food enrichment and fortification purposes in various countries, including Brazil (Queiroz & Torres, 1995; Fisberg et al., 1995; Gualandro
& Name, 1996; Ashmead et al., 1997; Iost et al., 1998; Giorgini et al., 2001;
Szarfarc et al., 2001), Guatemala (Pineda et al., 1994; Pineda & Ashmead, 2001),
New Zealand (Heath et al., 2001), Saudi Arabia (Osman & al-Othaimeen, 2002)
and the United Republic of Tanzania (Latham et al., 2001). These studies have
shown that the use of ferrous glycinate (or Ferrochel® ferrous glycinate) as a
dietary supplement or iron fortificant in foods is efficacious in reducing the prevalence of iron deficiency and iron deficiency anaemia in humans.
(a)

Ferrous glycinate supplementation

Coplin et al. (1991) assessed the tolerability of daily doses of 50 mg of iron
supplied as Ferrochel® ferrous glycinate or FeSO4 in a randomized, double-blind,
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crossover study of 40 pre-menopausal, non-pregnant women (aged 18–40 years)
with normal iron status. The women were given a single capsule containing 50 mg
of iron each morning before breakfast for 14 days. The severity and prevalence of
eight symptoms (i.e. abdominal pain, bloating, constipation, diarrhoea, nausea,
vomiting, headache, and fatigue), as well as any other self-reported symptoms,
were evaluated by the women daily, on a scale of 0 (none present) to 3 (severe).
A total of 38 women finished the 28-day study period, two women having withdrawn for reasons other than intolerance to the iron preparations. No severe scores
were reported, and all the side-effects were evaluated as being mild to moderate.
The incidence of side-effects did not increase from week 1 to week 2 of the treatment period, indicating that the effects were not cumulative. Supplementation with
Ferrochel® ferrous glycinate or FeSO4 produced no significant difference in the frequency of side-effects, with weekly averages of 9.4 and 9.3 occurrences, respectively. Adverse effects while receiving Ferrochel® ferrous glycinate and FeSO4
supplementation were reported by a total of 25/38 (66%) and 26/38 (68%) participants, respectively. Of these, gastrointestinal side-effects were reported in 24%,
34%, and 32% of those receiving supplements of Ferrochel® ferrous glycinate,
FeSO4, and both sources of iron, respectively. Of the 28 women with total scores
for gastrointestinal side-effects of ≥5, 29%, 50%, and 21% of women had received
supplements of Ferrochel® ferrous glycinate, FeSO4, and both sources of iron,
respectively. These differences were not statistically significant. A rank sum analysis of symptom scores was performed for each subject, whereby the symptom
score for the FeSO4 preparation was subtracted from the score for the Ferrochel®
ferrous glycinate preparation, and the differences were subsequently ranked and
summed. On the basis of the results of this analysis, the authors concluded that
there was no significant difference in tolerance to the two iron preparations. In
terms of total scores for gastrointestinal side-effects (especially bloating, constipation and nausea), however, a better tolerance for the Ferrochel® ferrous glycinate than to the FeSO4 preparation was noted. Significantly more women preferred
the Ferrochel® ferrous glycinate preparation (61%) to the FeSO4 preparation
(29%). Theauthors predicted that a significant difference in the frequency of sideeffects between the two preparations would have been observed with a larger
sample size of 120 subjects (Coplin et al., 1991).
Forty-two males and 58 females (aged 10–19 years) from the lowlands of
Guatemala with a mean haemoglobin concentration of 11.23 g/dl (indicative of
anaemia) were assigned to one of four groups (21–27 individuals per group). The
participants received tablets containing 30 mg of iron supplied as Ferrochel®
ferrous glycinate once (group 1), twice (group 2), or four times (group 3) daily for
a period of 4 weeks, thus receiving a total dose of 30, 60, or 120 mg iron/day,
respectively. Another group (group 4) received a total daily dose of 120 mg of iron
supplied as FeSO4, administered as four tablets containing 30 mg iron per tablet
for a period of 4 weeks. All of the subjects were also provided with 250 mg of folic
acid per total daily dose of iron. The tablets were taken at breakfast or, in the case
of persons receiving 120 mg iron per day (groups 3 and 4), two of the tablets were
taken at breakfast while the other two tablets were taken at supper. Blood samples
were obtained from each person before the start of the study, and at the end of
treatment, to measure basal and post-treatment plasma concentrations of haemo-
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globin and ferritin. No significant differences among the groups in age, sex, or pretreatment haemoglobin concentrations were reported. At the end of the 4-week
treatment period, a significant increase in mean haemoglobin concentration (2.6
g/dl) over the basal value was reported in all four treatment groups; however, this
increase was reported not to be significantly different between groups. The plasma
ferritin concentrations of ndividuals in groups 2, 3, and 4 (dosed with 60 or 120 mg
iron/day as Ferrochel® or FeSO4) were significantly increased over pre-treatment
values, but no significant difference was found between groups. The plasma ferritin concentrations of individuals in group 1 were lower than basal values at the
end of the 4 weeks of treatment. Gastrointestinal “upsets” were reported on days
15 and 30 of the study in 2/21 (9.5%), 4/26 (15.4%), and 9/27 (33.3%) of the
persons in groups 2, 3 and 4, respectively. No such effects were reported by individuals in group 1. The authors concluded that daily dosing with 60 mg of iron, supplied as Ferrochel® ferrous glycinate, is effective in the treatment of iron deficiency
anaemia, and has almost no gastric side-effects (Pineda et al., 1994).
Forty infants (aged 6–36 months) with iron deficiency anaemia (haemoglobin
concentration of <11 g/dl), in the paediatric department of the San Juan de Dios
General Hospital in Guatemala City, Guatemala, were paired for age, sex, weight
and haemoglobin concentration, and randomly assigned to one of two groups (20
infants per group) in a double-blind controlled study. The children received a single
daily dose of 250 mg folic acid and a dose of iron of 5 mg/kg bw in the form of a
syrup containing 30 mg/ml as FeSO4 or Ferrochel® ferrous glycinate for 28 days.
Blood samples were obtained from each child before and after the treatment for
determination of haemoglobin and ferritin concentrations. Haemoglobin concentrations were significantly increased by the end of the treatment period in groups
receiving supplements of FeSO4 or Ferrochel® ferrous glycinateover baseline
values, but did not differ between groups. The change in haemoglobin concentrations was reported to be inversely proportional to basal levels, regardless of the
iron compound administered. Mean plasma ferritin concentrations were increased
over baseline values in both treatment groups, but the increase was statistically
significant only in the group given Ferrochel® ferrous glycinate (Pineda & Ashmead,
2001).
A 16-week, double-blind, placebo-controlled intervention study was conducted
in 75 women (aged 18–40 years) with mild iron deficiency (i.e. serum ferritin
concentration, <20 mg/l; haemoglobin concentration, ≥120 g/l) and residents of
Dunedin, New Zealand. The participants were randomly assigned to one of three
groups receiving either a placebo tablet containing maltodextrin and regular diet
(placebo group), a Ferrochel® ferrous glycinate tablet and regular diet (supplement
group), or a placebo tablet and increased dietary iron intake (diet group). Laboratory analyses indicated that each tablet of Ferrochel® ferrous glycinate and placebo
contained approximately 47 mg and 0.7 mg of iron, respectively, and participants
took a single daily dose of the appropriate tablet with a meal for 16 weeks. Participants in the diet group were provided with dietary advice by New Zealand-registered dieticians in order to increase their dietary iron intake and the bioavailability
of that iron (e.g. use of recipe books and cast-iron frying pans, and consumption
of foods and beverages providing at least 50 mg of vitamin C per meal). Fasting
blood samples were obtained from each woman once a month for determination
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of concentrations of haemoglobin, serum ferritin, serum transferrin receptor, and
C-reactive protein. The average monthly dietary intake of haem, non-haem, and
total iron was estimated from a food frequency questionnaire filled out by the
women at study recruitment and during weeks 4, 8, and 16 of the study. Data on
blood loss due to menstruation, blood donation and nosebleeds were collected
from pre-tested questionnaires. The study was completed by 57 women (19, 16,
and 22 women in the placebo, supplement, and diet groups, respectively). Eight
of the women withdrew from the study because of personal reasons; while the data
from another 10 women were excluded because they had anaemia, had donated
blood, or were pregnant. The number of withdrawals and exclusions was not significantly different between groups. Additionally, no significant differences in the
frequency and severity of adverse effects (i.e. abdominal discomfort, bloating, constipation, diarrhoea, nausea, vomiting, headache and fatigue) were reported
between the placebo and supplement or diet groups (excluding symptoms occurring immediately before or during menses). There were no significant differences
in the concentrations of haemoglobin, serum ferritin, or serum transferrin receptor,
or in blood loss variations (e.g. menstruation and nosebleeds) reported between
groups. A 97% compliance rate was reported for the group receiving the supplement. No significant differences in the mean dietary intake of haem, non-haem,
and total iron were reported between the placebo and supplement groups;
however, these parameters were significantly increased (haem iron, by 1.9 mg/day)
in the diet group when compared with the placebo group. The total iron intakes of
the three groups were reported not to be significantly different from each other.
After 16 weeks, the serum ferritin concentrations in the diet and supplement groups
were increased by 26% and 59%, respectively, over those in the placebo group;
however, this increase was statistically significant only in the group receiving the
supplement. The concentrations of haemoglobin at 16 weeks were not significantly
different from baseline values in both the diet and supplement groups. The concentration of serum transferrin receptor and ratio of serum transferrin receptor :
serum ferritin were significantly decreased in the supplement group compared to
baseline values. According to the authors, the simultaneous decrease in serum
transferrin receptor concentration and increase in serum ferritin concentration in
the supplement group suggested concurrent replenishment of the functional tissue
and storage iron compartments. No significant changes in serum transferrin receptor concentration or the ratio of serum transferrin receptor : serum ferritin compared
with baseline values were reported in the diet group. The authors concluded that
improvements in iron status could be achieved to a greater degree by iron supplementation than with dietary change, owing, in part, to the difficulties associated
with embarking on and sustaining a dietary regimen requiring increased consumption of flesh foods (Heath et al., 2001).
A group of 145 pregnant female volunteers in Santo André, Brazil were given
FeSO4 at 200 mg/day or Ferrochel® ferrous glycinate at 75 mg/day, providing iron
at 40 and 15 mg/day, respectively, from week <20 of pregnancy until parturition. A
total of 74 women received FeSO4 supplements, while 71 women received Ferrochel® ferrous glycinate supplements. Blood samples were obtained from each of
the subjects at the time of enrollment in the study between weeks 20 and 29 of
pregnancy, and at 30 or more weeks of pregnancy. Haematological parameters
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evaluated included the concentrations of haemoglobin and serum ferritin, and the
percentage saturation of transferrin was calculated from the serum concentrations
of iron, TIBC and ferritin. Compliance with supplement intake was reported to be
significantly greater among women given Ferrochel® ferrous glycinate, with 52/71
(73%) and 26/74 (35%) of the women taking Ferrochel® ferrous glycinate and
FeSO4 supplements, respectively, for ≥13 weeks. The taste of the iron supplement
was the main reason for non-compliance by the women being given FeSO4. None
of the women receiving Ferrochel® ferrous glycinate reported that it had a bad
taste. Five women reported nausea, vomiting or diarrhoea as the reason for their
non-compliance when taking iron as FeSO4, while two women reported these
symptoms while taking iron as Ferrochel® ferrous glycinate. The authors attributed
the greater compliance with Ferrochel® ferrous glycinate supplementation to the
fact that the supplement could be ingested with meals, thus having fewer adverse
gastric effects. There was a trend towards decreasing concentrations of haemoglobin and serum ferritin in the women as pregnancy progressed; however, the
decreases in serum ferritin and percent transferrin saturation were lower in the
group taking Ferrochel® ferrous glycinate than in the group taking FeSO4. The statistical significance of these decreases was not reported by the authors. Much
information was missing, as only about 33% of the women who were originally
enrolled in the study provided blood samples on all three sampling occasions. This
problem was compounded by sample losses in the laboratory. When the authors
analysed the results for women who had provided blood on all three occasions,
significantly higher concentrations of haemoglobin and serum ferritin, and significantly higher percent transferrin saturation were reported for the women receiving
Ferrochel® ferrous glycinate supplements as compared with women receiving
FeSO4. Nevertheless, there was a large discrepancy in the sample sizes used in
this analysis, with ranges of 7–14 and 17–40 in groups given Ferrochel® ferrous
glycinate and FeSO4, respectively. Supplementation with Ferrochel® ferrous glycinate in compliant women at ≥30 weeks of pregnancy was reported to result in
lower incidences of iron deficiency (31%) and iron deficiency anaemia (0%) than
supplementation with FeSO4 (incidence of iron deficiency, 54.5%; iron deficiency
anaemia, 11%) (Szarfarc et al., 2001).
(b)

Ferrous glycinate-fortified foods

Ashmead et al. (1997) gave groups of seven persons (age and sex not
reported; matched for age, sex and initial haemoglobin status) with iron at a dose
of 22.5 mg/day as Ferrochel® ferrous glycinate or at 45 mg iron/day as FeSO4 for
28 days. Except for two infants who received iron in 100 ml of milk, the participants
ate 20 g of a sweetened peanut butter bar (paçoca, a common snack in Brazil) fortified with iron from FeSO4 or Ferrochel® ferrous glycinate. Baseline and post-treatment concentrations of haemoglobin and serum ferritin were determined for each
participant. At the end of 28 days of fortification, both groups had significantly
higher haemoglobin and serum ferritin concentrations than at baseline, but these
increases were not significantly different between groups. According to the authors,
the bioavailability of iron from Ferrochel® ferrous glycinate was at least twice that
from FeSO4, since only half as much iron was given to the group receiving
Ferrochel® ferrous glycinate, with results equivalent to that of the group receiving
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FeSO4. Additionally, owing to the significant correlation between body iron status
and the magnitude of iron absorption observed with both iron compounds, the
authors concluded that there is little danger of iron overloading or subsequent toxicity in people with normal iron metabolism who eat foods fortified with either FeSO4
or Ferrochel® ferrous glycinate. Furthermore, the authors considered that the lower
intake of iron from Ferrochel® ferrous glycinate provides a greater margin of safety
for food fortification (Ashmead et al., 1997).
A similar study was conducted in 434 people (9% of whom were aged 1–3
years and 16% of whom were aged >15 years) given 20 g of sweetened peanut
butter fortified withiron at 45 mg/day as FeSO4 or 23 mg/day as ferrous glycinate
for an unspecified duration. Baseline and post-treatment concentrations of haemoglobin and serum ferritin were measured for each person. Both compounds were
reported to be well tolerated. The mean haemoglobin values for the group receiving FeSO4 increased from 10.35 to 11.94 g/dl, while those of the ferrous glycinate
group increased from 10.61 to 12.13 g/dl. Serum ferritin concentrations were also
increased in the group receiving FeSO4, from 6.87 to 22.07 mg/l, while those in the
group receiving ferrous glycinate increased from 5.38 to 14.35 mg/l; however, the
authors cautioned that some of the serum ferritin values might have been artificially high, owing to infections or disease. The increases in haemoglobin and
serum ferritin concentrations in both groups were reported to be statistically significant, but the differences in increases between groups were not. The authors
concluded that 23 mg of iron as ferrous glycinate was as effective as 45 mg of iron
as FeSO4 in correcting iron deficiency anaemia (Gualandro & Name, 1996).
Milk fortified with Ferrochel® ferrous glycinate at a concentration of 30 mg/l was
given daily to 131 children aged 6–14 years in Riyadh, Saudi Arabia, for 3 months.
Milk of three different flavours (plain, strawberry, and chocolate) was served and
drunk three times daily with each meal. Social workers supervised the milk distribution and consumption. The total daily iron consumption was estimated to be 6
mg per child. Blood samples were obtained from each child at study initiation and
termination. The milk fortified with Ferrochel® ferrous glycinate was reported to be
well accepted by the children, the order of flavour preferences being: chocolate >
strawberry > plain and was also well tolerated by the children, with no reports of
gastrointestinal problems during the course of the study. The authors reported no
clinical indications of iron overload in any of the children. The prevalence of haemoglobin concentrations of <12 g/dl dropped significantly, from 25.3% to 5.0% and
from 23.0% to 8.6%, for boys and girls, respectively (p < 0.0001). The authors concluded that fortification of milk with Ferrochel® ferrous glycinate was an effective
way of increasing the haemoglobin concentrations of children with low or close to
normal haemoglobin levels (Osman & Al-Othaimeen, 2002).
Commercially prepared petit suisse cheese was fortified with ferrous glycinate
to provide iron at 2 mg/90 g of cheese (approximately equivalent to 22.2 mg/kg of
cheese) and given to 81 children (aged 2–6 years) of low socioeconomic status in
São Paulo, Brazil, for 90 days. The concentrations of haemoglobin, ferritin, plasma
zinc and copper, and anthropometric parameters were measured at the beginning
and end of the study period. The children were reported to have an average daily
consumption of 90 g of cheese, approximately equivalent to a daily iron intake of
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2 mg. The cheese was adequately accepted and well tolerated by the children, as
no product-related adverse effects were reported throughout the duration of the
study. Mean pre-treatment values of 12.27 g/dl of haemoglobin and erythrocyte
volume fraction of 0.38 were reported in 10.5% of the children, while 60% of children had a mean serum ferritin concentrations of 15.7 ng/ml. At the end of 90 days
of treatment, 6.3% of the children had iron deficiency anaemia and 20.5% had
levels of ferritin that were below normal. The improvements in the average values
of haemoglobin and erythrocyte volume fraction were not significantly different from
pre-treatment values; however, the increase in average serum ferritin concentration from 15.69 to 24.68 ng/ml was statistically significant. The average serum zinc
concentration was reported to have decreased substantially throughout the study,
but remained within the normal range. There were no changes in the overall consumption of food by the children, although the ratios of weight : age and weight :
height increased as the study progressed; the authors attributed this to the reduction of iron deficiency parameters in the children. The authors concluded that
ferrous glycinate is effective in increasing haemoglobin concentrations and replenishing iron reserves in children (Fisberg et al., 1995).
Sweet rolls prepared from ferrous glycinate-fortified flour were provided twice
daily, 5 days a week (providing iron at approximately 4 mg per day) for 6 months
to 89 children aged 1–6 years of low socioeconomic status in São Paulo, Brazil.
Haematological (i.e. concentrations of haemoglobin and serum ferritin) and anthropometric parameters (i.e. body weight and height) were measured before the start
and at the end of the intervention. At the end of the 6-month period, the mean
ratios of body weight : age and height : age were significantly greater than the preintervention values. The haemoglobin concentration increased significantly (from
11.5 to 12.6 g/dl), the prevalence of iron deficiency anaemia (concentration of
haemoglobin, <11 g/dl) decreased significantly (from 28% to 9%), and the prevalence of low iron stores decreased significantly (from 62% to 25%) in all children.
The average increase in haemoglobin concentrations (1.10 g/dl) was reported to
be significant for all children, with a greater mean increase (1.42 g/dl) in anaemic
children than in those with a pre-intervention haemoglobin concentration of ≥11
g/dl (mean increase of 0.96 g/dl). Significant increases (mean increase, 8.90 mg/l)
were also reported in the mean serum ferritin concentrations, particularly in
children with depleted iron stores (mean increase, 13.03 mg/l). According to the
authors, the greater increase in serum ferritin concentrations observed in children
with lower basal concentrations of ferritin (as compared with the increases in subjects with concentrations closer to normal) is consistent with the regulation of iron
absorption from ferrous glycinate by iron stores (Giorgini et al., 2001).
A randomized, double-blind, placebo-controlled study was conducted in 775
children (aged 6–12 years) in the United Republic of Tanzania. For 6 months, each
child received a sachet containing 25 g of a placebo or fortified powdered orange
drink, which provided iron as ferrous glycinate at 0 or 5.4 mg/day. Each sachet also
contained 1750 IU vitamin A, 45 mg iodine, 5.25 mg zinc, 72 mg ascorbic acid, 0.6
mg riboflavin, 0.14 mg folic acid, 3 mg vitamin B12, 0.7 mg vitamin B6 and 10.5 mg
vitamin E. Anthropometric parameters (weight, height, body mass index (BMI)),
and vitamin A and iron status (i.e. haemoglobin, erythrocyte volume fraction, zinc
protoporphyrin, and serum ferritin) were measured at the beginning and end of the
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study. The pre-treatment levels of serum retinol and measures of iron status and
the anthropometric parameters were not significantly different between groups
given the placebo and the fortified orange drink. The mean haemoglobin concentration for the group given the fortified orange drink significantly increased, from
9.3 to 10.6 g/dl, during the 6-month intervention period when compared with that
for the placebo group, in whom the mean haemoglobin concentration increased
by only 0.02 g/dl. There also was a significant increase (16 mg/l) in mean serum
ferritin concentrations in the group given the fortified drink when compared with
that (2 mg/l) noted in the group receiving the placebo at the end of the intervention.
The group given the fortified drink also had a significantly lower incidence of
vitamin A deficiency after 6 months than the group treated with the placebo; the
number of children with a serum retinol concentration of <20 mg/dl (indicating
vitamin A deficiency) was decreased by 50% in the former group. Highly significant increases in body-weight gain, height gain, and BMI were also found in the
group receiving the drink fortified with micronutrients when compared with the
group receiving the placebo (Latham et al., 2001).
One litre of milk fortified with Ferrochel® ferrous glycinate at 15 mg/l (containing a concentration of iron of 3 mg/l) was given daily for 7.3 months to 185 infants
and young children (aged 6–24 months) in Tupã, Brazil. According to the WHO
guidelines for identification of iron deficiency anaemia (haemoglobin concentration: severe anaemia, <9.5 g/dl; less severe, 9.5–11.0 g/dl; normal, >11.0 g/dl)),
severe iron deficiency anaemia was diagnosed in 54% of the children, 33% were
classified as having less severe iron deficiency anaemia, and 13% were considered to have normal haemoglobin concentrations. At the conclusion of the study,
the children who remained severely anaemic were given higher doses of iron.
The average daily consumption of Ferrochel® ferrous glycinate-fortified milk was
estimated to be 750 ml, providing iron at approximately 2.1 mg/day. Finger-prick
blood samples were obtained from each child before the start of the study,
4.4 months into the study (i.e. at a mean of 133 days), and at the end (i.e. at a
mean of 222 days) in order to monitor any changes in haemoglobin concentration.
The mean haemoglobin concentrations for all children were 9.3, 10.5, and
11.2 g/dl at 0, mean 133 days, and mean 222 days of the study, respectively. At a
mean of 222 days of the study, significantly increased haemoglobin concentrations
were found in children who were initially diagnosed with severe or less severe
anaemia, but no significant changes were reported in those who initially had normal
haemoglobin concentrations. The authors concluded that fortification of commercial milk with Ferrochel® ferrous glycinate is an effective dietary intervention for the
treatment of iron deficiency and iron deficiency anaemia in children (Iost et al.,
1998).
In a study in Angaluba, Brazil, whole milk was fortified with iron as ferrous glycinate at a concentration of 3 mg/l, and 1 litre was given daily to 269 preschool
children for 12 months. The prevalence of anaemia was significantly reduced, from
62.3% at the beginning of the study to 26.4% at the end. Specifically, the prevalence of children with severe anaemia (haemoglobin concentration, £9.5 g/dl) was
reduced from 20.4% to 5.2%, while the prevalence of those with moderate anaemia
(haemoglobin concentration, 9.5–10.9 g/dl) was decreased from 31.1% to 16.6%,
and the prevalence of those with normal iron status (haemoglobin concentration,
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≥11 g/dl) increased from 31.2% to 60.9%. The authors concluded that fortification
of milk with ferrous glycinate was an effective way of reducing, and in some cases
eliminating, iron deficiency anaemia in children (Queiroz & Torres, 1995).

3.

COMMENTS

The Committee noted that ferrous glycinate is absorbed by the mucosal cells
of the intestine, and is subsequently dissociated into its iron and glycine components within the intestinal mucosa. The available studies indicate that the absorption of iron from ferrous glycinate is regulated physiologically according to the
body’s iron status, in a manner similar to other non-haem iron compounds. The
bioavailability of iron from ferrous glycinate is comparable to that of Fe–EDTA (evaluated by the Committee at its forty-first and fifty-third meetings; Annex 1, references 107 and 143) and is generally greater than that of FeSO4. As is the case
with other non-haem iron compounds, the nature of the food matrix may affect the
bioavailability of the iron from ferrous glycinate.
In consideration of the potential for overuse of this product, the Committee
noted the results of studies of dietary supplementation and fortification at doses
of up to 60 mg iron per day, which confirmed the efficacy of ferrous glycinate in
correcting iron status in persons with iron deficiency, while showing no gastric sideeffects. In iron-sufficient individuals, including children, iron absorption from ferrous
glycinate is down-regulated according to iron status, and haemoglobin and serum
ferritin concentrations are not significantly increased relative to pre-treatment or
normal-range values at doses of up to 23 mg iron per day. The Committee therefore concluded that there was no evidence that the administration of iron in the
form of ferrous glycinate would result in increased body stores of iron after the
nutritional requirement for iron had been satisfied.
The Committee reviewed a 90-day study of toxicity in rats fed diets containing
ferrous glycinate. Despite the fact that a slight increase in iron deposition in the
liver of rats of each sex occurred at high doses, no compound-related toxicological effects were noted at doses of 100, 250 or 500 mg/kg bw per day. The NOEL
of ferrous glycinate was 500 mg/kg bw per day, corresponding to a concentration
of iron of 100 mg/kg bw per day. This NOEL is 125-fold the provisional maximum
tolerable daily intake of 0.8 mg/kg bw of iron from all sources.

4.

EVALUATION

On the basis of the available data on bioavailability, metabolism, and toxicity,
and the studies in humans, the Committee concluded that ferrous glycinate is suitable for use as a source of iron for supplementation and fortification, provided that
the total intake of iron does not exceed the provisional maximum tolerable daily
intake of 0.8 mg/kg bw.
Products, including ferrous glycinate, that are intended to provide a source of
additional iron should not be consumed by individuals with any type of iron storage
disease, except under medical supervision.
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The Committee did not receive information on estimated intakes of ferrous glycinate, either from its use in food or any possible use as an iron supplement. Information on levels of fortification in food, provided by the sponsor, suggest that
intakes approaching the provisional maximum tolerable daily intake could not be
attained unless extremely large amounts of foodstuffs fortified at the suggested
levels were eaten.

5.
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EXPLANATION

Sodium dichloroisocyanurate is the sodium salt of a chlorinated hydroxytriazine
and is used as a source of free available chlorine (in the form of hypochlorous
acid, HOCl) for the disinfection of drinking-water. Sodium dichloroisocyanurate can
be manufactured either as the anhydrous salt or as the dihydrate. It has not been
evaluated previously by the Committee. At its present meeting, the Committee considered the safety of sodium dichloroisocyanurate in relation to its possible use as
a disinfectant for drinking-water in emergency situations, and for routine use in
some water supplies.
When sodium dichloroisocyanurate is added to water, it is rapidly hydrolysed
to release free available chlorine, establishing a complex series of equilibria involving six chlorinated and four non-chlorinated isocyanurates. As free available
chlorine is consumed by reaction with organic material in the water, chloroisocyanurates will rapidly dissociate and continue to release free chlorine. Conventional
chlorination of drinking-water with elemental chlorine gives rise to a number of byproducts as a result of the reaction of free available chlorine with natural organic
matter. The safety of these by-products has been addressed by WHO, with the
development of guidelines for drinking-water quality. The use of sodium
dichloroisocyanurate as a source of free available chlorine is not expected to lead
to greater production of such by-products than does the use of elemental chlorine.
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In contact with saliva of about pH 7.0, chlorinated isocyanurates react extremely rapidly such that, at the concentrations required to deliver free available
chlorine at the levels typically used in drinking-water, no detectable chlorinated
isocyanurate remains. The material that reaches the gastrointestinal tract is,
therefore, the unchlorinated cyanuric acid (Oxychem, 1997, 2000). The relevant
toxicological studies cited refer to this compound.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects: absorption, distribution and excretion

2.1.1

Sodium dichloroisocyanurate

No information was available.
2.1.2

Sodium cyanurate
Rats

In a study in which groups of five male rats and five female rats were given an
intravenous bolus dose of 14C-labelled sodium cyanurate of 5 mg/kg bw, the compound was rapidly distributed through the body, with an elimination half-time of
30–40 min. Other groups were given a dose of 5 mg/kg bw or 500 mg/kg bw, by
gavage. At a dose of 5 mg/kg bw, the cyanurate was almost completely absorbed
and the peak blood concentrations occurred 15–30 min after administration. The
elimination half-times were 30–40 min after the intravenous dose and 40–60 min
after the oral dose. Eighty-five per cent and 80% of the administered dose in males
and females respectively was excreted in the urine as the parent compound. At
the peak blood concentration, cyanurate was distributed between plasma and
blood cells in equal proportions.
As part of the same study, another group received oral doses of sodium cyanurate of 5 mg/kg bw per day for 14 days and were given an equivalent dose of
14
C-labelled sodium cyanurate on day 15. This produced a similar excretory profile
to that in animals given a bolus dose by oral or intravenous administration, with
most of the radioactivity being excreted in the urine within 6 h and only very small
amounts being detected after 24 h, faecal excretion representing about 5% of the
administered dose.
The pattern of excretion following a single oral bolus dose of 500 mg/kg bw was
different, with 70% and 55% of the administered dose in males and females
respectively appearing in the faeces. The peak blood concentration occurred
60 min after dosing and the elimination half-time was 122–148 min, but with most
of the cyanurate being excreted in urine within 24 h. All of the radioactivity could
be accounted for as cyanurate except in animals receiving either multiple doses
or a single dose of 500 mg/kg bw, when <0.5% of the radioactivity excreted was
not cyanurate and was excreted before the 24-h time point. It was not possible to
identify the substance responsible, but the authors suggested that its appearance
might be a consequence of microbial action. No radioactivity was exhaled as 14CO2.
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After 7 days, the level of radioactivity in the tissues was undetectable or at the
limits of detection (Barbee et al., 1983, Chadwick et al., 1983).
Dogs
In a study of similar design in dogs, groups of four males and four females
were given radiolabelled cyanurate as a single intravenous dose of 5 mg/kg bw or
a single oral dose of 5 or 500 mg/kg bw. Blood samples were collected at regular
intervals from two males and two females and faeces and urine were collected
from a further two males and two females. At the completion of the collection
period, the animals from which faeces and urine had been collected were killed
and 14 tissues and the remains of the carcass were analysed for residual radioactivity. An additional group of two males and two females was given unlabelled cyanurate orally at a dose of 5 mg/kg bw per day for 14 days and an equivalent dose
of radiolabelled cyanurate on day 15.
Most of the radiolabelled cyanurate was excreted in the urine within 12 h, with
minor amounts appearing after 24 h in all the animals receiving a dose of 5 mg/kg
bw. In three of the animals receiving multiple doses, between 6% and 13% of the
administered dose was excreted in the faeces, while in the other animals no more
than 2% was excreted by this route. Animals receiving a dose of 500 mg/kg bw
excreted between 27% and 86% of the administered dose in the faeces and the
remainder in the urine. The elimination half-life was 1.5–2.0 h for both doses.
However, there was some difficulty in determining the elimination kinetics, which
the authors ascribed to continued absorption from the gastrointestinal tract. There
was no evidence from blood kinetics for a slower elimination phase.
All of the excreted material was present as unchanged cyanurate. The residual level of radioactivity in all tissues was below the sensitivity of the method used.
The total recovery in excreta ranged from 81% to 100%, with a mean of 93%;
recovery in faeces was negligible for animals receiving the low dose (Barbee et
al., 1984, Chadwick et al., 1982).
These data are supported by a study in rats receiving [14C]cyanuric acid by oral
administration; more than 99% of the radioactivity in urine comprised the parent
substance. These authors also showed that no systemic radioactivity could be
detected after percutaneous exposure (Inokuchi et al., 1978).
Humans
Absorption and excretion of cyanuric acid has been studied in long-distance
swimmers exposed by swimming in pools disinfected with chlorinated isocyanurates, and in two volunteers given an unspecified solution of cyanuric acid orally.
More than 98% of the administered dose was recovered unchanged in urine after
24 h. The half-life of excretion was about 3 h (Allen et al., 1982).
2.2

Toxicological studies

In contact with saliva at about pH 7.0, chlorinated isocyanurates react extremely rapidly such that, at the concentrations required to deliver free available
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Table 1. Acute oral toxicity of cyanuric acid and sodium dichloroisocyanurate
Test material

Species

LD50 (mg/kg bw)

Cyanuric acid

Rat

Sodium dichloroisocyanurate

Rabbit
Rat

>5 000 (two studies)
7700 (one study)
>10 000 (one study)
>10 000 (one study)
>7500 (two studies)

From Tice, R. (1997) (all references cited in this publication)
LLD, lowest lethal dose

chlorine at the levels typically used in drinking-water, no detectable chlorinated
isocyanurate remains. The material that reaches the gastrointestinal tract is,
therefore, the unchlorinated cyanuric acid. The relevant toxicological studies cited
refer to this compound.
2.2.1

Acute toxicity
(a)

Sodium dichloroisocyanurate

The acute oral LD50 for sodium dichloroisocyanurate (dihydrate) in rats was
1823 mg/kg bw (95% CI, 1479–2166 mg/kg bw), the acute oral LD50 in males and
females being 2094 and 1671 mg/kg bw respectively. The acute dermal LD50 in
rabbits was >5000 mg/kg bw (Gargus, 1984, 1985).
(b)

Sodium cyanurate

The acute oral toxicity of sodium cyanurate and cyanuric acid in mice, rats and
rabbits is reported to be between 1500 mg/kg bw and 10 000 mg/kg bw. The available data are summarized in Table 1.
2.2.2

Short-term studies of toxicity
(a)

Sodium dichloroisocyanurate

In early, limited studies in rats, sodium dichloroisocyanurate was administered
in the drinking-water to groups of five male and five female rats, at a concentration of 0, 400, 1200, 4000 or 8000 mg/l (equivalent to 50, 150, 500 or 1000 mg/kg
bw per day) for 59 days. Mortality, laboured breathing, reduced body weight and
a reduction in water consumption were observed in the groups receiving concentrations of 4000 or 8000 mg/l. Water consumption was also reduced in the groups
receiving sodium dichloroisocyanurate at a concentration of 400 or 1200 mg/l. No
histopathology was carried out, but animals in the group receiving 8000 mg/l exhibited an increased incidence of gastrointestinal bleeding at necropsy, although the
site of bleeding was not identified. The NOEL was reported as 50 mg/kg bw per
day in males and 130 mg/kg bw per day in females (Hammond et al., 1986).
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In a subsequent study in which rats were given sodium dichloroisocyanurate
in the diet at a concentration of 0, 2000, 6000 or 12 000 mg/kg of feed (equivalent
to 0, 100, 300 or 600 mg/kg bw per day) for 13 weeks, body weights and food consumption were reduced in the groups receiving sodium dichloroisocyanurate at
6000 and 12 000 mg/kg of feed. Relative liver and kidney weights were also
increased in these groups. No other treatment-related changes, including histopathological changes, were reported. The NOEL was 2000 mg/kg feed
(100 mg/kg bw per day) (Hammond et al., 1986).
(b)

Sodium cyanurate

Groups of 25 male and 25 female B6C3F1 mice received drinking-water containing sodium cyanurate at a concentration of up to 5375 mg/l (the limit of solubility at pH 7.0), equivalent to 0, 252, 522 or 1500 mg/kg bw per day, for 13 weeks.
Control groups were given either sodium hippurate at a concentration of 7769 mg/l
(sodium control), or tap water. Five animals of each sex from each group were
killed after 6 weeks; all other animals were killed after 13 weeks. All animals were
subjected to clinical pathological, gross pathological and histopathological examinations, and organ weights were measured. Increased water consumption was
noted in the group receiving a dose of cyanurate of 1500 mg/kg bw per day.
Absolute and relative ovarian weights showed a dose-related increase, which was
significant in the groups given doses of 522 and 1500 mg/kg bw per day, but the
same finding was observed in the sodium control group. The only compoundrelated change reported was the occurrence of bladder calculi in two males in the
group given the highest dose, 1500 mg/kg bw per day. The NOEL was 1792 mg/l
(equivalent to 522 mg/kg bw per day) (Serota et al., 1982).
Groups of Charles River rats were given drinking-water containing sodium cyanurate at a concentration of 896, 1792 or 5375 mg/l, equivalent to 72, 145 or
495 mg/kg bw per day, for 13 weeks. Forty rats of each sex were assigned to each
group receiving doses of 145 and 495 mg/kg bw per day and to a control group
receiving tap water. Twenty-four rats of each sex were assigned to the group
receiving 72 mg/kg bw per day and to a sodium control group receiving sodium hippurate (1792 mg/l). Measurement of haematological and biochemical parameters,
and urine analysis were undertaken before the commencement of exposure and
then at intervals of 2 weeks. Four males and four females from both control groups
and from the group receiving 495 mg/kg bw per day were killed at weeks 2, 4, 6,
8, and 10 and the remainder of the animals were killed at week 13. Organ weights
were measured and examinations of gross pathology and histopathology, with particular attention being paid to the kidney and urinary tract, were carried out on all
animals. A number of male rats in the group given a dose of 495 mg/kg bw per day
(weeks 6 and 8, 1/4; week 10, 2/4; week 13, 4/20) and one male from the group
given a dose of 145 mg/kg bw per day at week 13 had epithelial hyperplasia of the
bladder. The NOEL was 896 mg/l (72 mg/kg bw per day) in males and 1792 mg/l
(495 mg/kg bw per day) in females. No treatment-related effects were observed in
the kidney or in any other tissue (Rajasekaran et al., 1981).
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Long-term studies of toxicity and carcinogenicity
(a)

Sodium dichloroisocyanurate

No long-term studies of toxicity and carcinogenicity are available for sodium
dichloroisocyanurate.
(b)

Sodium cyanurate

Groups of 80 male and 80 female Charles River CD1 rats were given drinking-water containing sodium cyanurate at a concentration of 400, 1200, 2400 or
5375 mg/l, equivalent to about 0, 26, 77, 154 or 371 mg/kg bw per day, for a period
of 2 years. An additional 20 rats of each sex per group were treated for 63 weeks
and maintained until 104 weeks to examine recovery from any recorded changes.
There were two control groups, a tap water control group and a sodium control
group given 7768 mg/l of sodium hippurate. Ten animals were killed at 6, 12 and
18 months. Measurement of haematological and clinical chemistry parameters,
urine analysis, examinations of gross pathology, histopathology and measurement
of organ weights were performed on all animals in the control group and in the
group receiving a dose of 371 mg/kg bw per day. More restricted examinations of
pathology were performed for the other groups, although tissues were retained for
subsequent examination if necessary. There were a number of changes in organ
weights that were not consistent. At 12 months, the absolute and relative thyroid
and parathyroid weights in males given doses of sodium cyanurate of 154 and
371 mg/kg bw per day were significantly lower (p < 0.05) than those of the
negative controls. There appeared to be no substance-related increase in tumour
incidence.
Lesions of the urinary tract and heart were reported in males at the high dose.
These were reported to occur mostly in the first 12 months of the study and were
more frequent in animals that died or were killed because they were moribund.
Nine of the 11 males with heart lesions receiving a dose of 371 mg/kg bw per day
that died or were killed in the first year of the study also showed calculi in and distension of the bladder. Although urinary calculi were not found in all animals
showing urinary tract lesions and cardiovascular lesions, it was postulated that a
number of these calculi had been lost in fixation and an expert panel observed
calculi fragments in a number of histological slides (Cohen et al., 1999). Since
urolithiasis was more frequent in males than in females at the high dose and as
the urethra is longer in males, the urinary tract lesions would be consistent with
the presence of calculi. The authors of the study report considered that the urinary
lesions, consisting of hyperplasia, bleeding and inflammation of the urinary bladder
epithelium, inflamed ureters and renal tubular nephrosis were probably related to
calculi, and that the acute myocarditis, necrosis and vascularmineralization were
secondary to uraemia caused by the urinary tract lesions. There was an increased
incidence of splenic haemosiderosis in the males receiving the high dose in the
first year of the study. There was also a slight reduction in survival in the males
given a high dose when compared to the negative control. Haematological and
clinical chemistry parameters and urine analysis were reported to be unremarkable. There was a dose-related increase in water intake in the treated and
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sodium control groups, which was attributed to increased sodium intake. Water
consumption in the groups maintained until week 104 returned to normal after cessation of treatment. The NOEL was 2400 mg/l (equivalent to 154 mg/kg bw per day)
(International Research and Development Corporation, 1985).
In a similar 2-year study in which groups of 100 male and 100 female B6C3F1
mice were given drinking-water containing sodium cyanurate at a concentration of
0, 100 (80 animals of each sex), 400, 1200 or 5375 mg/l (equivalent to about 0,
30, 110, 340 or 1523 mg/kg bw per day). A group of 80 males and 80 females was
given sodium hippurate as a sodium control. Measurement of haematological and
clinical chemistry parameters and urine analysis was carried out for 10 males and
10 females from each group before the start of treatment and at weeks 26, 52, 78
and 104. Ten males and 10 females from each group were sacrificed after weeks
27, 53 and 79 and, together with the animals participating in the studies of clinical pathology, were subjected to necropsy. Tissues were collected and the urinary
tract and gross lesions from the control group and from the group receiving the
high dose were subjected to histopathological examination. All animals found in
extremis throughout the study were sacrificed and also subjected to gross and
histopathological examination. At the termination of the study, in week 105, all
remaining animals were sacrificed, subjected to gross pathological examination
and the tissues collected into fixative. All of the tissues from the control group and
the group receiving the high dose were subjected to examination by microscopy.
Survival was similar in all groups. There were no significant differences in body
weights for males. Although body weights were generally lower in females in
groups receiving sodium cyanurate at doses of 110, 340 or 1523 mg/kg bw per day
and in the sodium control group, compared to the water control group up to week
24, the only significant difference was for the group receiving the high dose, at
weeks 13 and 26. There was a dose-related increase in water consumption above
that in the control group receiving water only in both males and females, but water
intake was highest in the the sodium control group. There were no treatmentrelated changes in haematological or clinical chemistry parameters, or urine analysis. Distended or enlarged abdomens were noted in males in the groups receiving
the high and intermediate doses and in the sodium control group compared to the
water control group, beginning at week 15. A similar effect was observed in
females, but with a lower frequency. There were no treatment-related changes in
the incidence of tumour or histopathological lesions at any dose (Serota et al.,
1986).
2.2.4

Reproductive toxicity
(a)

Sodium dichloroisocyanurate

In a study in which sodium dichloroisocyanurate was administered by gavage
to pregnant mice of strain dd on days 6–15 of gestation at doses of 0, 25, 100 or
400 mg/kg bw per day, about 50% mortality was observed in animals receiving the
high dose and reduced body weight was observed in the survivors. There were no
signs of fetotoxicity, but delayed ossification associated with maternal toxicity was
observed in the group receiving the high dose. This appeared to be an effect of
the reaction of chlorine with the gastrointestinal tract (Tani et al., 1980).
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(b)

Sodium cyanurate

Groups of 25 pregnant Charles River COB and CD rats given sodium cyanurate at a dose of 0, 200, 1000 or 5000 mg/kg bw per day, by gavage, on days 6–15
of gestation, showed no signs of toxicity and no effects were reported in the offspring. Two sodium control groups given sodium hippurate at doses of sodium
equivalent to 1000 and 5000 mg/kg bw per day were also included in the study.
There were no deaths except in the group receiving a high dose of sodium, in
which 11 animals died, although the cause of death was not determined. Fetotoxic
effects were also seen in this group (Laughlin et al., 1982).
In a study of teratology in which Dutch belted rabbits were given sodium cyanurate by gavage at a dose of 0, 50, 200 or 500 mg/kg bw per day on days 6–18
of gestation, maternal toxicity reflected by dose-related body-weight loss, was
observed at doses of 200 and 500 mg/kg bw per day. Small decreases in mean
fetal weight and crown–rump length were observed at 500 mg/kg bw per day, but
these were not statistically significant (Consultox Laboratories Ltd, 1974).
In study of teratology in which groups of 20 pregnant New Zealand White
rabbits were given doses of of sodium cyanurate of 0, 50, 200 or 500 mg/kg bw
per day on days 6–18 of gestation, no maternal toxicity was observed. Animals in
the groups receiving doses of 200 and 500 mg/kg bw per day showed reduced
body-weight gain or slight body-weight loss on days 12–19 of gestation. An
increased incidence of postimplantation loss was observed in the group given
500 mg/kg bw per day, although this was within the range of historical controls.
There was an increased incidence of hydrocephaly in the group receiving 500
mg/kg bw per day (number of cases of hydrocephaly, 3, 0, 3 and 9 per group,
respectively), but there was no apparent difference in the number of litters affected
(1, 0, 2 and 2 litters affected per group, respectively). Hydrocephaly is not an
uncommon finding in this strain of rabbits and although it normally occurs at a
lower incidence, it is not considered to be a treatment-related effect (Rodwell,
1990).
Drinking-water containing sodium cyanurate at a concentration of 400, 1200 or
5375 mg/l (equivalent to about 26, 77, or 100 mg/kg bw per day) was given to three
generations of Charles River CD rats. Control groups were given either tap water
or a solution of sodium hippurate, 8056 mg/l, as a sodium control. For each generation, 12 males and 24 females were selected using randomized procedures.
The F0 generation was mated only after a minimum of 100 days of treatment and
the F1 and F2 parents were only mated after at least 120 days of treatment. The
F0 and F1 parents were mated twice to produce a and b litters and the F2 parents
were mated once to produce the F3 offspring. As with other studies, an increase
in water consumption was noted in females given the high dose; this was also
noted in females of the F1 and F2 generations in the sodium control groups. There
were no consistent effects reported for the offspring and no effects on reproduction were reported that could be associated with the administration of sodium cyanurate. There were treatment-related calculi observed in the bladder in males of
the F2 generation in the group receiving the high dose (100 mg/kg bw per day).
These were associated with epithelial hyperplasia or chronic cystitis in three of the
affected animals. The NOEL for reproductive effects was identified by the authors
as 100 mg/kg bw per day (Aldridge et al., 1985).
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Genotoxicity

Sodium cyanurate was not found to have mutagenic activity, either in the presence or absence of exogenous metabolic activation, in Salmonella typhimurium
strains TA98, TA100, TA1535 and TA1537, at a concentration of up to 10 000 mg/
plate, or in mouse lymphoma cells, at a concentration of up to 2000 mg/ml. Neither
did it induce sister chromatid exchanges in Chinese hamster ovary cells in vitro at
a concentration of up to 1500 mg/ml. No effects were observed in an assay for cytogenetic alterations in bone marrow of rats in vivo at a dose of 5000 mg/kg (Gridley
& Ross, 1980; Kirby et al., 1981; Sharma, 1981; Stewart, 1981; Hammond et al.,
1983).
2.2.6

Special studies: Immunotoxicity

Dichloroisocyanurate was not found to be a skin sensitizer in guinea-pigs
(Mappes, 1984).
2.3

Observations in humans

Although sodium dichloroisocyanurate is widely used as a disinfectant for
swimming pools, it appears that no specific studies on the effects of this substance
in humans have been carried out, apart from an early study on absorption and
excretion in long-distance swimmers. In this study, absorption and excretion of cyanuric acid was studied in long-distance swimmers exposed by swimming in pools
disinfected with chlorinated isocyanurates, and in two volunteers given a solution
of cyanuric acid to drink (see also section 2.1). No correlation was found between
excretion of cyanuric acid and urinary concentrations of g-glutamyl transpeptidase,
measured as a potential marker of nephropathy (Allen et al., 1982).

3.

DIETARY INTAKE

A typical concentration of free available chlorine used for the treatment of drinking-water is 1 mg/l and normally the objective would be to achieve a residual of
available chlorine of between 0.2 and 0.5 mg/l. As anhydrous sodium dichloroisocyanurate contains about 63% free available chlorine, a solution of sodium
dichloroisocyanurate of 1.6 mg/l (or of the dihydrate, 1.8 mg/l) is equivalent to a
solution of free available chlorine of 1 mg/l. Drinking-water becomes increasingly
unpalatable as concentrations of free chlorine increase above this level. However,
to overcome initial chlorine demand, disinfection using sodium dichloroisocyanurate might require higher initial doses, but not greater than double these quantities (i.e. 3.2 mg/l), according to WHO estimates. For emergency disinfection of raw
or pre-treated (settled, coagulated, and/or filtered) drinking-water supplies (lakes,
rivers, wells, etc.), sodium dichloroisocyanurate would be introduced to achieve an
initial concentration of available chlorine of 10 mg/l and to maintain a concentration of 1 mg/l.
The default intakes of drinking-water currently used by WHO are 2 l per day
for adults, 1 l per day for a 10-kg child, and 0.75 l per day for a 5-kg bottle-fed
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infant. WHO also recognizes that higher rates of intake may occur in some tropical countries. These intakes include water consumed in the form of juices and
other beverages containing tap water (e.g. coffee), but no chlorinated isocyanurate would remain in these beverages. Thus, the daily intake of the dissociation
products of sodium dichloroisocyanurate from the consumption of water by adults,
children and infants, assuming a maximum application of sodium dichloroisocyanurate of 3.2 mg/l, would be equivalent to 6.4, 3.2, and 2.4 mg/person per day,
expressed as sodium dichloroisocyanurate, respectively. Given that 1 mole of
sodium dichloroisocyanurate corresponds to 1 mole of cyanuric acid (the ultimate
product of the application of sodium dichloroisocyanurate), ingestion of cyanuric
acid is estimated to be 0.06 mg/kg bw per day for adults, 0.19 mg/kg bw per day for
children, and 0.28 mg/kg bw per day for a bottle-fed infant (WHO, 1993, WHO,
2000; Oxychem, 2003).

4.

COMMENTS

In studies in which 14C-labelled sodium cyanurate was administered in multiple doses of 5 mg/kg bw to rats, the sodium cyanurate was extensively absorbed
and excreted unchanged in the urine, mainly within about 6 h. Only 5% of the
administered dose was detected in the faeces and the radiolabel was not exhaled
as 14CO2. In a similar study in dogs, between 2% and 13% of 14C-labelled sodium
cyanurate was excreted unchanged in the faeces and the remainder in the urine,
mainly within 12 h. In two human volunteers given a solution of cyanuric acid of
unspecified concentration, >98% of the cyanurate was recovered unchanged in
the urine after 24 h. The elimination half-life was 40–60 min in the rat, 1.5–2.0 h in
the dog and about 3 h in humans.
Both sodium dichloroisocyanurate and sodium cyanurate have low acute oral
toxicity.
In 13-week studies in mice given drinking-water containing sodium cyanurate
at a concentration of up to 5375 mg/l (equivalent to 1500 mg/kg bw per day), the
only compound-related effect reported was the occurrence of bladder calculi in
males receiving the highest dose. In a similar study in Charles River rats, 1/28
males in the group receiving sodium cyanurate at a concentration of 1792 mg/l
(equivalent to 145 mg/kg bw per day) and 7/28 males in the group receiving the
highest dose (equivalent to 495 mg/kg bw per day) showed epithelial hyperplasia
of the bladder.
In a 2-year study, Charles River CD1 rats were given drinking-water containing sodium cyanurate at a dose estimated as 26, 77, 154 or 371 mg/kg bw per day,
with control groups receiving drinking-water containing an equivalent amount of
sodium hippurate, or untreated drinking-water. Survival was slightly lower in the
group receiving the highest dose compared to the control group receiving
untreated drinking-water, but not the control group receiving sodium hippurate.
There was no substance-related increase in tumour incidence. Multiple lesions of
the urinary tract (calculi and hyperplasia, bleeding and inflammation of the bladder
epithelium, dilated and inflamed ureters and renal tubular nephrosis) and cardiac
lesions (acute myocarditis, necrosis and vascular mineralization) were reported in
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males that died during the first year of the study and that were receiving a dose
of 371 mg/kg bw per day. No toxicologically significant treatment-related effects
were observed at 154 mg/kg bw per day, which was considered to be the NOEL in
this study. In a similar 2-year study in which B6C3F1 mice received a dose of
sodium cyanurate equivalent to 30, 110, 340 or 1523 mg/kg bw per day, survival
was similar in all groups and there were no treatment-related changes in the
incidence of tumours or other histopathological lesions.
There were no signs of toxicity in adult animals and no effects reported in the
offspring of groups of Charles River COB and CD rats given sodium cyanurate at
doses of 0, 200, 1000 or 5000 mg/kg bw per day, by gavage, on days 6–15 of gestation. In studies in pregnant rabbits, either Dutch belted or New Zealand White,
in which a dose of 0, 50, 200 or 500 mg/kg bw per day of sodium cyanurate were
administered by gavage on days 6–18 of gestation, a small reduction in bodyweight gain was observed in the groups receiving the two highest doses on days
12–19 of gestation in New Zealand White rabbits only, but compensatory bodyweight gains were made by the end of the study. An increased incidence of postimplantation loss, which was within the historical control range, was also observed
in this strain at 500 mg/kg bw. The Committee considered that these effects were
not significant and there were no other effects that were considered to be related
to treatment.
Three generations of Charles River CD rats were given drinking-water containing sodium cyanurate at an estimated dose of 26, 77 or 100 mg/kg bw per day,
with control groups receiving untreated drinking-water or sodium hippurate. There
were no treatment-related effects on reproductive parameters in the P0, F1 and F2
generations or on offspring of the F1, F2 or F3 generations.
Sodium cyanurate was not genotoxic in four different tests.

5.

EVALUATION

The Committee concluded that studies of the toxicity of sodium cyanurate were
appropriate for assessing the safety of sodium dichloroisocyanurate, because any
residues of intact sodium dichloroisocyanurate in drinking-water would be rapidly
converted to cyanuric acid on contact with saliva. Sodium cyanurate did not induce
any genotoxic, carcinogenic or teratogenic effects.
The NOEL for sodium cyanurate derived from the 2-year study in rats was
154 mg/kg bw per day, equivalent to 220 mg/kg bw per day as anhydrous sodium
dichloroisocyanurate. With the application of an uncertainty factor of 100, a tolerable daily intake of anhydrous sodium dichloroisocyanurate of 0–2.0 mg/kg bw per
day for intake from drinking-water treated with sodium dichloroisocyanurate for the
purpose of disinfection was determined by the Committee.
The no-adverse-effect levels in the reported studies are summarized in
Table 2.

Highest dose tested
Bladder calculi
NA

500
522
1523

—
1792
5375

Gavage
Drinking-water
Drinking-water

Teratology
13-week
2-year

Mouse

NA, not applicable

Highest dose tested

500

—

Gavage

Urinary tract
Reproduction
Highest dose tested
Urinary tract/heart

Teratology

72
100
5000
154

Gastrointestinal tract bleeding
NA
Mortality/gastrointestinal
tract

Key effect

Rabbit

896
1200
—
2400

50
100
100

Dose
(mg/kg bw)

Drinking-water
Drinking-water
Gavage
Drinking-water

400
400
—

Concentration
(mg/l)

Sodium cyanurate
Rat
13-week
Three-generation
Teratology
2-year

Route of
administration

Drinking-water
Diet
Gavage

Study

Sodium dichloroisocyanurate
Rat
59-day
13-week
Mouse
Teratology

Species

Table 2. NOAELs for sodium dichloroisocyanurate and sodium

Rajasekaran et al. (1981)
Aldridge et al. (1985)
Laughlin et al. (1982)
International Research
Development
Corporation (1985)
Consultox Laboratories
1974
Rodwell 1990
Serota et al. 1982
Serota et al. 1986

Hammond et al. (1986)
Hammond et al. (1986)
Tani et al. (1980)

Reference
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EXPLANATION

Cadmium was evaluated by the Committee at its sixteenth, thirty-third, fortyfirst and fifty-fifth meetings (Annex 1, references 30, 83, 107, 149). At its sixteenth
meeting, the Committee allocated a provisional tolerable weekly intake (PTWI) of
400–500 mg of cadmium per person. At the three subsequent meetings, the Committee retained this PTWI, but expressed it in terms of the intake of cadmium per
kg bw (7 mg/kg bw). At its fifty-fifth meeting, the Committee decided that the prevalences of renal tubular dysfunction that correspond to various dietary intakes of
cadmium could serve as a reasonable basis for risk assessment, and concluded
that the risk of excess renal tubular dysfunction in the population would be negligible below a urinary cadmium excretion of 2.5 mg/g of creatinine. The Committee
noted, however, that these estimates are based on a model that is dependent
on the values assumed for key parameters (e.g. dietary bioavailability, age dependency of the intake: excretion ratio). Although new information indicated that a
proportion of the general population might be at an increased risk of tubular dysfunction at the current PTWI of 7 mg/kg bw, the Committee at the fifty-fifth meeting
maintained the PTWI at this value because of lack of precision in the risk estimates. The Committee made several recommendations regarding the data that
would be needed in order to reduce the uncertainty in the prevalence estimates.
A considerable number of new studies addressed certain aspects of the issues
identified in these recommendations and served as the basis for the Committee’s
deliberations at the present meeting.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects: Absorption, distribution and excretion

A number of detailed evaluations have reviewed data on the pharmacology of
cadmium (WHO, 1992; Agency For Toxic Substances And Disease Registry, 1999;
United States Environmental Protection Agency, 1999). Overall, the absorption or
bioavailability of cadmium from the gastrointestinal tract is generally considered to
be slightly lower in experimental animals than in humans. For the majority of
species tested, the absorption of cadmium can range from 0.5% to 3.0% of the
dose administered, while in humans a range of 3.0–8.0% can be found (Järup et
al., 1998; Agency for Toxic Substances and Disease Registry, 1999). Previous
reviews have described how the composition of the diet, including fibre, protein
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(sunflower seeds) and carbohydrates (rice) can also affect the bioavailability of
cadmium (Annex 1, reference 150).
(a) Effect of diet on uptake of cadmium
In groups of five to six female B6C3F1 mice given drinking-water containing a
mixture of metals (arsenic, 18 mg/kg; cadmium, 6 mg/kg; chromium, 150 mg/kg;
nickel, 150 mg/kg; and vanadium, 45 mg/kg) for up to 24 weeks, maximum
concentrations of cadmium were found in kidney (1466 mg/kg), small intestine
(1009 mg/kg), pancreas (<100 mg/kg) and femur (<50 mg/kg). A similar pattern of
distribution was observed when mice were fed with a mixture of metals (arsenic,
47 mg/kg; cadmium, 26 mg/kg; chromium, 1105 mg/kg; nickel, 1412 mg/kg; lead,
2376 mg/kg; and vanadium, 1105 mg/kg) in the diet for up to 24 weeks, except that
the concentrations of cadmium found in organs were greatly reduced (Radike
et al., 2002).
Groups of five female Sprague-Dawley rats received diets containing 40%
milled rice supplemented with cadmium at a final concentration of 0.25 mg/kg,
equivalent to a daily intake of 25 mg/kg bw, and with zinc, iron and/or calcium at
concentrations providing marginal or adequate intake, for 5 weeks. Fractional
absorption of cadmium was determined by whole body counts and faecal analysis after a dose of 109Cd and an additional 15.5 days of test diets. Whole body
retention of 109Cd ranged from 0.6% to 4.0%, with the greatest retention in rats fed
the diet containing each of the three additional elements at concentrations providing marginal intake. The least retention was found in rats fed either the diet containing all three elements at concentrations providing an adequate intake, or the
diet containing calcium and iron at concentrations providing adequate intake and
zinc at concentrations providing marginal intake. Concentrations of cadmium found
in the kidney were similar to whole-body retention values (lower for animals receiving diets providing adequate intake of all three elements and highest for animals
receiving the diets providing marginal intake of the three elements) (approximately
0.8 mg/kg for animals receiving diet providing adequate intake, and 1.45 mg/kg for
animals receiving the diet providing marginal intake) while the diet containing only
iron at adequate levels had the largest single effect on intestinal concentration of
cadmium (approximately 0.45 mg/kg versus 1.45 mg/kg in diet providing marginal
intake). All concentrations are given on a dry-weight basis (Reeves & Chaney,
2002).
In a study with a similar experimental design by the same authors, groups of
seven rats fed diets containing 20% sunflower kernels (final concentration of
cadmium, 0.18 mg/kg) and adequate or marginal amounts of the same three trace
elements retained 0.37–1.46% of a dose of 109Cd (whole body count only). Lowest
retention values were measured in animals fed either adequate amounts of all
trace elements or marginal amounts of zinc or calcium in combination with adequate amounts of the other two elements. The authors concluded that the high
amounts of zinc found naturally in sunflower seeds minimized the absorption of
cadmium (Reeves & Chaney, 2001).
Groups of 10 Wistar rat pups were given cadmium chloride (CdCl2) orally at a
dose of 0.5 mg/kg bw per day for 9 consecutive days prior to sacrifice on day 10
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of the experiment. Whole-body analysis of cadmium (organs and carcass) indicated that approximately 2.45% of the total administered dose was retained, while
in a group that received the same dose of cadmium chloride in addition to a daily
oral supplement of 6% dicalcium phosphate (CaHPO4) in cows’ milk, only 0.94%
of the total dose was retained (Kašuba et al., 2002).
Groups of 10 Wistar rats of both sexes, aged 6 days, were given cows’ milk
(approximate calcium content, 0.1%) or milk supplemented with either 1%, 3% or
6% CaHPO4, in addition to daily oral doses of CdCl2 (0.5 mg/kg bw) for 9 consecutive days. The estimated total intake of calcium at the end of the dosing period
was 108 mg, 176 mg, 311 mg and 515 mg, respectively. Concentrations of cadmium
in liver, kidney and brain were significantly reduced in a dose-dependent manner
(48–66% reduction in the group receiving supplementation with the highest dose
of calcium) (Saric et al., 2002).
Groups of 15 male rats were fed diets that were either supplemented with iron
at a concentration of 120 mg/kg or that were deficient in iron (containing iron at a
concentration of 2–6 mg/kg), for a period of 4 weeks. The rats were fasted for
18 h and then given a single oral dose of 109CdCl2 (0.4 mmol/kg bw or 0.073 mg/kg).
Tissue samples were collected 48 h later for analysis of iron, cadmium and divalent metal transporter 1 (DMT1) mRNA. Serum concentrations of iron in rats fed
the diet that was deficient in iron were approximately 14-fold lower than those in
rats fed the diet supplemented with iron (361 versus 25.4 mg/dl, respectively) while
body burdens of cadmium were 10-fold greater (1360 ng/kg bw versus 130 ng/kg
bw, respectively, or approximately 1.85% and 0.18% of the administered dose).
The level of DMT1 mRNA in duodenum, the organ containing the greatest amount
of administered cadmium, was also increased by approximately 15-fold in the rats
fed the diet that was deficient in iron (Park et al., 2002).
Groups of six male rats who had been fed diets containing zinc at levels that
were either marginal (with or without whole grain wheat, 50 g/kg), adequate (with
or without whole grain wheat) or surplus for 7 days were then given cadmium in
a test meal (31 kBq 109Cd plus 562 ng Cd) and assessed for retention and absorption up to 15 days later. There was a reduction in the amount of cadmium absorbed
relative to the concentration of zinc in the diet (7.7% for the diet containing a marginal level of zinc versus 2.4% for the diet containing surplus zinc), while the rats
fed diets also containing whole wheat absorbed less cadmium (30–40%) than
those fed diets containing zinc alone. Less than 2% of the administered dose of
cadmium was retained after 15 days, for all the groups. The authors concluded
that wheat phytate and/or fibre contributed to the reduced absorption of cadmium
(House et al., 2003).
Groups of four female Sprague-Dawley rats were fed diets containing either
72% plain rice supplemented with CdCl2 at a concentration of 5.1, 20 or 40 mg/kg
of diet, or rice contaminated with cadmium at a concentration of 0.02–1.01 mg/kg
of diet for up to 8 months, and then assessed for rates of retention of cadmium,
and for concentrations of cadmium and metallothionein in liver, kidney and intestine. No toxic effects caused by cadmium were observed during the study period,
although there were dose-dependent increases in concentrations of cadmium in
the kidney and liver (54 mg/g in kidney and 35 mg/g in liver after 8 months in rats
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fed the diet containing cadmium at 40 mg/kg diet). Overall rates of cadmium retention ranged from 0.2% to 1.0%, while rates at which cadmium was distributed to
the kidney were negatively associated with the concentration of cadmium in the
diet (20% at a concentration of cadmium of up to 1.0 mg/kg of diet, versus 10% at
20 and 40 mg/kg of diet) (Hiratsuka et al., 1999).
(b)

Distribution

Distribution of cadmium after ingestion has recently been comprehensively
reviewed. Briefly, absorption of cadmium from the gastrointestinal tract is characterized by a rapid initial uptake into the intestinal mucosa (mainly duodenum and
jejunum in rodents), followed by a slower absorption into the systemic circulation
and redistribution to kidney and liver. Transport of cadmium from the small
intestine is thought to be facilitated by a number of possible mechanisms, including metal transport proteins such as DMT1, calcium ion channels, aminoacid transporters (as cysteine–cadmium conjugates) and by endocytosis of
cadmium–metallothionein complexes. The last mechanism is supported by experimental evidence showing that cadmium induces metallothionein in the intestinal
mucosa and that cadmium ingested orally is bound to metallothionein in the small
intestine (Zalups & Ahmad, 2003).
Metallothioneins are a family of inducible, cysteine-rich proteins of low molecular mass, ubiquitous to mammals, which are capable of binding with high affinity
to a number of divalent and trivalent cations, including zinc, copper, cadmium and
other group I/IIb transitional metals. In mammals, metallothioneins are found in the
highest concentrations in liver, kidney and intestine; each molecule of metallothionein is able to bind up to seven atoms of cadmium. Besides contributing to possible cellular defence mechanisms by sequestering potentially toxic metals,
metallothioneins are also important in the overall homeostasis of zinc (Miles et al.,
2000; Coyle et al., 2002).
Once in the systemic circulation, cadmium can be taken up by a number of
organs, but the liver generally accounts for the majority of uptake. In the liver,
cadmium promotes hepatocellular induction of metallothioneins (MTI and MTII isoforms). Binding to metallothionein is thought to allow the liver to accumulate potentially cytotoxic concentrations of cadmium without exhibiting adverse effects.
Repeated exposure of both wild-type and MTI/II-null mice to CdCl2 via daily
subcutaneous injections of 0.05–2.4 mg/kg (for wild-type mice) and 0.0125–
0.8 mg/kg (for MTI/II-null mice) for up to 10 weeks resulted in dose-dependent
increases in the concentration of cadmium in the liver (400 mg/g) and the concentration of metallothioneins in the wild-type mice. Although the concentration of
cadmium in the liver in the MT-null mice was only 10 mg/g, approximately,
histopathological indices suggested that hepatic damage was more severe than in
the wild-type mice (Habeebu et al., 2000).
Groups of eight or nine pregnant MTN (normal MTI and MTII) and MT1,2KO
(MTI/II knock-out) mice were given drinking-water containing CdCl2 at a concentration of 0.15 mg/l for 7, 14 or 17 days during gestation or for 19 days during gestation and 11 days during lactation (a combined period of 30 days). At the end of
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the period of exposure, dams and/or pups were sacrificed and tissues were
analysed for content of cadmium and metallothionein. For dams of both strains,
the small intestine retained the highest proportion of the ingested cadmium,
0.94–2.97%, and the liver and kidney retained 0.14–0.49%. The livers of the
MTI,IIKO dams contained significantly greater amounts of cadmium than those of
the MTN dams (approximately three-fold more in the group exposed for 30 days)
while the MTN dams had twice as much cadmium in the kidney. Up to 85–90% of
the total amount of cadmium transferred to the pups of both strains was retained
by the small intestine, while up to five times more cadmium was found in the liver
of the MTI, IIKO pups than in that of the MTN pups. Induction of metallothionein
in the placenta of MTN dams appeared to restrict the distribution of cadmium to
the fetus; however, approximately equal amounts (0.047–0.062% of the ingested
dose) of cadmium were transferred via lactation to pups of both strains (Brako
et al., 2003).
(c)

Excretion

Cadmium that is released into the systemic circulation, usually in a conjugated
form (with albumin, cysteine, glutathione, or metallothionein), can be taken up via
endocytosis by proximal tubule epithelial cells in the kidneys. Subsequent lysozymal proteolysis of the complex results in the release of cadmium ions, which can
induce the production of metallothionein in situ. When the capacity of metallothionein to bind cadmium is exceeded, cadmium induces cytotoxicity, and eventually causes significant structural and functional damage (Järup et al., 1998).
After oral exposure, most cadmium (up to 90% in experimental animals) passes
through the gastrointestinal tract unabsorbed and is excreted in the faeces. A
portion of the retained and absorbed cadmium can also be excreted via the faeces
after hepatic secretion of cadmium conjugates (e.g. with glutathione) into the bile.
When cadmium is administered at a low dose, a minor fraction can also be
excreted in the urine (as metallothionein–cadmium). However, as nephrotoxicity
progresses, greater amounts of unfiltered cadmium will be eliminated in the urine,
owing to declining renal filtration capacity as a consequence of tubule damage
(Zalups & Ahmad, 2003).
2.2

Toxicological studies

2.2.1

Acute toxicity

Oral LD50 values for experimental animals (mainly rodents) range from approximately 100 to 300 mg/kg bw and are dependent on the form of cadmium administered (see Table 1).
As listed, the LD50 for cadmium sulfide (CdS), a form of cadmium with very low
solubility, is approximately an order of magnitude greater that the LD50 for CdCl2,
a very soluble form of cadmium.
At relatively high oral doses of cadmium (slightly below the LD50), histopathological evidence of liver toxicity (fibrosis, necrosis) is a common finding, and testicular atrophy and necrosis, with subsequent decreased fertility, are found in male
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—
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Table 2. NOELs and LOELs for renal effects of cadmium chloride administered
in drinking-water
Species

Strain

Sex

Effect

NOEL
(mg/kg bw
per day)

LOEL
(mg/kg bw
per day)

Rabbits

New Zealand/
Flemish
Giant
SpragueDawley

Males

ND

15

Males and
females

0.8

1.5

Wistar

Males

2.6

ND

SpragueDawley

Females

Tubular necrosis
Interstitial necrosis at
200 days
Cloudy swelling of
tubular epithelium at
92 weeks (males), 84
weeks (females)
Increased urinary
metallothionein; no
tubular dysfunction
Albuminuria

ND

13

Rats

Modified from Annex 1, reference 150
ND, not determined
NOEL, no-observed-effect level
LOEL, lowest-observed-effect level

rats and mice. The latter effect may be related to accumulation of cadmium in the
gonads, with subsequent damage to the testicular endothelium (WHO, 1992).
2.2.2

Long-term studies of toxicity and carcinogenicity

Although a variety of toxicological end-points have been observed in experimental animals (reproductive toxicity, neurotoxicity, carcinogenicity), those of relevance to humans are the renal effects which manifest after low-level long-term
exposure to cadmium and accumulation of cadmium to a critical concentration in
the kidney.
(a)

Renal effects

As previously described, long-term exposure to cadmium eventually results in
a variety of renal changes involving damage to proximal tubule epithelial cells,
degeneration and apoptosis. Morphological changes observed include atrophy,
interstitial fibrosis, glomerular sclerosis and focal necrosis. Earlier indications
usually associated with renal damage include low-molecular-mass proteinuria,
glucosuria and aminoaciduria. The results of relevant experimental studies are
summarized in Table 2.
In general, although some variability exists, renal effects in laboratory animals
are associated with kidney concentrations of cadmium of between 200 and
300 mg/g, resulting from long-term exposures of, on average, between 1 and
10 mg/kg bw per day (Agency For Toxic Substances And Disease Registry, 1999).
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Rats
Groups of 50 female Sprague-Dawley rats were fed diets containing CdCl2 at
a concentration of 0, 8, 40, 200 or 600 mg/kg for up to 8 months. By 2 months,
histopathological examination revealed signs of kidney damage in the form of
proximal tubule degeneration and necrosis in animals fed diets containing
cadmium at ≥200 mg/kg. In rats fed diets containing cadmium at 200 mg/kg, the
concentration of cadmium in the kidney was, on average, 169 mg/g, reaching an
approximate maximum of 250 mg/g by 8 months (Mitsumori et al., 1998). In rats
receiving diets containing cadmium at 40 mg/kg for 18 months, no kidney lesions
were detected and the maximum concentration of cadmium in the renal cortex was
120 mg/g (Shibutani et al., 2000).
Groups of 36 male Wistar rats given drinking-water containing CdCl2 at 5 or
50 mg/l for up to 24 weeks exhibited dose-dependent damage to the kidney
nephron (primarily the proximal convoluted tubules and glomeruli). The average
daily intake of cadmium was estimated to be 320–678 mg/kg bw and 1963–4487
mg/kg bw for the groups receiving 5 and 50 mg/kg, respectively, and the concentration of cadmium in the kidney after 24 weeks of treatment was 10 mg/g and 65
mg/g, respectively, for these two groups. Concentrations of the urinary marker of
renal toxicity N-acetyl-b-D-glucosaminidase (NAG; total and isoenzyme B), were
significantly increased after 6 weeks in animals in the group receiving the highest
dose (concentration of cadmium in the kidney, 25 mg/g) (Brzóska et al., 2003).
Groups of three to four male Wistar rats, aged 2 months, were treated with a
single subcutaneous dose of cadmium–metallothionein (isolated from rabbit liver),
equivalent to a dose of cadmium of 0.4 mg/kg bw, and then assessed for cadmium
in the kidney and early signs of nephrotoxicity at various times up to 12 h later. By
3 h after dosing, the concentration of cadmium in the renal cortex had increased
to 40 mg/g. Various apical-membrane proximal-tubule transporter proteins, including megalin, Na+/H+ exchanger fusion protein type 3 (NHE3) and a subunit of
vacuolar-type proton-pump ATPase (V-ATPase) underwent a time-dependent
redistribution, from the brush-border membrane into the cytoplasm. Additional
histopathological signs of tubule necrosis were also observed by 6 h after treatment with cadmium–metallothionein. Nephrotoxicity was induced at lower
concentrations of renal cadmium after parenteral exposure to cadmium–
metallothionein (Sabolic et al., 2002).
After a single intraperitoneal injection of cadmium (as cadmium–metallothionein) of 0.3 mg/kg bw, indices of renal toxicity (including urinary protein and
lactate dehydrogenase activity) significantly increased in female Sprague-Dawley
rats after 8–12 h. After 6 h, the kidneys contained 51% of the administered dose,
and 8.5% was found in the cortical mitochondria. Mitochondrial function, in terms
of oxygen consumption during state 3 respiration (generation of ATP), also
decreased in a time-dependent fashion (Tang & Shaikh, 2001).
Non-human primates
In a long-term study, groups of five to eight male rhesus monkeys were fed
diets containing CdCl2 at a concentration of 0, 3, 10, 30 or 100 mg/kg for 9 years
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(equivalent to 0, 0.12, 0.4, 1.2 and 4.0 mg/kg bw per day, respectively). Decreased
growth rate, proteinuria and glucosuria were noted in the monkeys receiving the
diet containing the highest dose of cadmium (approximately 4 mg/kg bw per day),
while limited or no changes in renal function were seen in monkeys receiving diets
containing CdCl2 at a concentration of £10 mg/kg (£0.4 mg/kg bw per day)
(Masaoka et al., 1994).
(b)

Effects on calcium metabolism and bone

Long-term oral exposure to cadmium at a dose of 2–8 mg/kg bw per day can
produce decreases in the calcium content of bone, and increased calciuria in
experimental animals.
Rodents
Bone strength was decreased in weanling rat pups given drinking-water containing CdCl2 at a concentration of 0, 5 or 10 mg/l for 4 weeks, at both concentrations of CdCl2 (Agency For Toxic Substances And Disease Registry, 1999).
When CFI female mice were subjected to the combined stresses of age,
nutrient-deficiency, multiparity and treatment with cadmium (concentration of CdCl2
in the diet, 0.25, 5 or 50 mg/kg, equivalent to 0, 0.035, 0.70 or 7.0 mg/kg bw per
day), cadmium at a dose of 50 mg/kg was found to reduce the calcium content of
the femur by 14–28% (Whelton et al., 1997).
Non-human primates
In groups of 4–10 female rhesus monkeys consuming diets containing CdCl2
at a concentration of 30 mg/kg for up to 9 years, decreased plasma concentrations
of vitamin D3 and disturbed bone calcification could be induced only when cadmium
was administered in combination with a diet containing low levels of vitamin D or
low levels of protein, calcium and phosphorus, respectively. When the monkeys
were given diets low in protein, calcium, phosphorus and vitamin D, osteomalacia
was induced and could be reversed by administration of vitamin D3 (reviewed in
WHO, 1992).
Cadmium is thought to act either directly on bone mineralization, possibly by
replacing calcium, or indirectly, through inhibition of the renal conversion of the
active form of vitamin D, resulting in decreased absorption of calcium in the
intestine.
(c)

Additional effects

Mice
In groups of six mice, after a single oral dose of CdCl2 of 0.26 mg/kg bw (onetenth of the LD50) and then a subcutaneous inoculum of Semliki forest virus, 100%
mortality was observed in the group that received cadmium and virus compared
to 20% in the control group that received virus only. In addition, decreased mean
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survival times were observed and neuronal damage appeared earlier and with
greater intensity in groups treated with both cadmium and virus compared with the
untreated infected controls (Seth et al., 2003).
Groups of 20 male C3H/HeN, A/J and C57BL/6 mice were fed on diets containing CdCl2 at a concentration of either 0 or 50 mg/kg (equivalent to 7 mg/kg bw
per day) for 54 weeks and then assessed for spontaneous hepatocarcinogenesis
(C3H/HeN and C57BL/6 strains) or spontaneous hepatitis (A/J). In C3H/HeN mice,
the diet containing cadmium inhibited the high spontaneous rate of hepatocarcinogenesis (all tumours combined) observed in the control animals (incidence
of tumours: controls, 79%; cadmium-treated, 10%) while approximately equal
numbers of C57BL/6 mice developed hepatic carcinomas. Approximately twice as
many A/J mice receiving the control diet developed hepatitis-related lesions when
compared with mice receiving the diet containing cadmium (83% versus 47%,
respectively). In addition, no hepatitic lesions that could be classified as moderate
to severe were observed in mice receiving the diet containing cadmium. In contrast to the C57BL/6 mice, the C3H/HeN and A/J mice receiving the diet containing cadmium had significantly greater concentrations of hepatic cadmium, zinc and
metallothionein when compared with their respective controls (Nishiyama et al.,
2003).
Non-human primates
One month after undergoing bilateral ovariectomy, groups of two to four female
cynomologus monkeys were given CdCl2 intravenously at a dose of 0, 1.0 or
2.5 mg/kg bw, three times per week for 13–15 months. The frequency of dosing
was reduced to twice per week after 9 months, until the experiment was terminated owing to development of severe anaemia. Concentration of cadmium in the
pancreas (650 and 900 mg/g at a dose of 1.0 and 2.5 mg/kg bw, respectively)
exceeded that in the kidney (500 mg/g), while the highest concentrations were
found in the liver (>1000 mg/g). Associated decreases in number of pancreatic islet
cells and area of islet tissue relative to pancreatic tissue, and decreases in relative areas of pancreatic insulin-positive tissue, were observed in the animals
treated with cadmium (Kurata et al., 2003).
(d)

Carcinogenicity

Studies in experimental animals treated by injection or inhalation have provided
considerable evidence that cadmium is carcinogenic. In rats, cadmium causes
a variety of tumours, including malignant tumours at the site of injection, and in
the lungs, after inhalation. Oral intake is associated with proliferative lesions of
the ventral lobe of the prostate gland in rats fed diets that are adequate in zinc,
whereas deficiency in zinc in the diet appears to inhibit the tumorigenic effect of
cadmium. The relevance of these studies to carcinogenesis in the human prostate
gland is questionable, because of anatomical differences between the prostate
gland in humans and that in rodents. The Committee therefore concluded that
cadmium is carcinogenic in experimental animals when given by injection or inhalation, and that workers exposed by inhalation have been shown to develop lung
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cancer. There was no evidence that cadmium is carcinogenic to humans exposed
orally (Annex 1, reference 150).
2.2.3

Developmental toxicity
Mice

Six days after administration of an intravenous dose of 109Cd, limited amounts
of radiolabel could be detected in brain parenchyma of mice. Cadmium could be
detected in those areas of the brain that normally lack a blood–brain barrier (the
circumventricular organs) (Takeda et al., 1999).
Rats
In a three-generation study in which groups of 10 Wistar rats received CdCl2
by gavage at a dose of 0, 3.5, 7.0 or 14.0 mg/kg bw (during gestation, lactation and
for 8 weeks after giving birth), behavioural (exploration activity) and electrophysiological changes were seen in male offspring at age 12 weeks, mainly in the groups
receiving the two higher doses (Nagymajtenyi et al., 1997).
Pregnant Wistar rats (a total of 280 animals) were treated by gavage with CdCl2
at a dose of 0, 3.5, 7.0 or 14.0 mg/kg bw per day, according to the following protocols: (1) treatment given on days 5–15 of gestation; (2) protocol (1) plus treatment during lacation, on postnatal days 2–28; (3) protocol (2) plus treatment of
males after lactation: 5 days per week, for 8 weeks, beginning on postnatal day
29. Male offspring aged 11–12 weeks were tested in a variety of behavioural and
neurophysiological experiments. Significant decreases in exploratory activity were
observed only in the offspring of the groups treated during both gestation and lactation, protocol (2), at the two highest doses of cadmium. Various electrocortical
changes in somatosensory, visual and auditory centres were observed only in rats
treated with protocol (3) and receiving the highest dose of cadmium, while
decreases in tail-nerve conductance velocity were also only observed in rats
treated according to protocol (3) at the two highest doses of cadmium (Desi et al.,
1998).
Groups of four pregnant Wistar rats were given drinking-water containing both
cadmium acetate (10 mg/kg) and lead acetate (300 mg/kg) throughout gestation
and lactation. Average daily intake of cadmium and lead was 1.0–2.1 mg/kg bw and
31.6–64.9 mg/kg bw, respectively. At age 21 or 75 days, pups were sacrificed and
the hippocampus and hypothalamus were analysed for various monoamines
and metabolites. Male rats aged 74 days were tested on an elevated plusmaze apparatus. Concentrations of dopamine in the hippocampus were decreased by three-fold at 21 days but increased 9.4-fold at age 75 days, and
5-hydroxyindoleacetic acid (5-HIAA) content was significantly increased (approximately two-fold) only at age 21 days. In the hypothalamus, 5-HIAA content was
increased by approximately two-fold at age 75 days. The elevated plus-maze
results indicated symptoms of increased anxiety (Leret et al., 2003).
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Genotoxicity

Equivocal results have been obtained when cadmium is tested for its ability to
cause gene mutations in a variety of prokaryotic or mammalian cells. Cadmium
induces chromosomal aberrations in both human and rodent cells, but the evidence suggests that the mechanism is not one of direct genotoxicity. DNA damage,
in the form of strand breaks and protein cross-links, was induced by cadmium in
various rodent cell lines, but only at doses that arrested cell growth (Misra et al.,
1998).
In vitro
Cadmium, when given at a dose of 10 mmol/l or 1.83 mg/ml for 2 weeks, can
induce malignant transformation of human or rat prostatic epithelial cells in vitro
(Nakamura et al., 2002).
In human prostate epithelial cells transformed by continual exposure to CdCl2
at a concentration of 10 mmol/l, alterations in apoptotic genes and resistance to
apoptotic stimuli were observed. The authors concluded that treatment with
cadmium increases apoptotic resistance, thereby enhancing tumour initiation and
malignant progression (Achanzar et al., 2002).
Long-term exposure (4 days) of yeast strains to CdCl2 at a concentration of 3
or 5 mmol/l (0.55 or 0.81 mg/ml) caused a decrease in post-replication mismatch
repair in homonucleotide runs in yeast genes, resulting in increased mutability. The
same concentrations of cadmium also induced mutations in genes involved in mitochondrial function. The effects on mismatch repair and increased rates of mutation were not shown to be related to DNA damage (Jin et al., 2003).
2.3

Observations in humans

2.3.1

Absorption

The gastrointestinal absorption of cadmium is influenced by diet and nutritional
status, with iron status being particularly important. On average, 5% of the total
oral intake of cadmium is absorbed, but individual values range from less than 1%
to more than 20% (WHO, 1992).
A recent study described the rate of absorption of cadmium from the diet among
38 female farmers who were exposed to cadmium at a level close to the current
provisional tolerable weekly intake (PTWI). No statistically significant difference in
cadmium absorption was observed between the seven women with diabetes mellitus and their 13 age-matched controls, or between the six anaemic women and
their 12 controls. In all women, the rate of absorption of cadmium was significantly
correlated with age, serum ferritin, serum iron, blood cadmium and urinary
cadmium concentrations. However, multiple regression analysis revealed that only
age was a significant predictor of the rate of absorption of cadmium. These results
demonstrate that age, rather than iron deficiency, diabetes mellitus or cadmium
burden, is the only independent factor to affect the rate of absorption of cadmium,
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suggesting that there is a large degree of individual variation in the rate at which
cadmium is absorbed (Horiguchi et al., 2004b).
An epidemiological study in Japan investigated the effect of deficiency of iron
on uptake of cadmium and/or renal tubular dysfunction. A total of 1482 women,
aged 20–74 years, living in six prefectures, in areas not known to be excessively
polluted with cadmium, participated in the study. Among them, never-smoking, nonpregnant and non-lactating women (1190 subjects) were selected and classified
into groups of anaemic women (37), women with iron deficiency (388) and women
with normal iron levels (765) on the basis of concentrations of ferritin (<20 ng/ml)
and haemoglobin (<10 g/dl). Age and prefecture of residence were used to make
matched pairs. In this study, urinary cadmium was considered to be a surrogate
for body burden of cadmium, which reflects the overall uptake of cadmium. No significant increases in levels of urinary cadmium or low-molecular-mass protein (a1microglobulin and b2-microglobulin) were found in the groups of anaemic and
iron-deficient women when compared with the matched control population. The
authurs concluded that the current level of iron-deficiency among the general
female population not exposed to exessive amounts of environmental cadmium
may not increase in cadmium body burden or renal tubular dysfunction induced
by cadmium (Tsukahara et al., 2003).
The uptake of cadmium in the digestive tract was investigated in a study of 25
nonsmoking women aged 20–23 years. After the women had eaten meals containing low levels of cadmium for 11 days, in order to achieve a steady
intake–output balance, rates of absorption of cadmium were calculated by measuring excess excretion during a subsequent period of 1 or 3 days in which the
women ate meals containing high levels of cadmium. The overall rate of absorption of cadmium was estimated to be higher than that observed in earlier studies.
The mean and its range varied considerably, e.g. 47% (range, -9.4–83.3%) for the
group eating meals containing a high level of cadmium for 1 day, and 36.6% (range,
-9.2–73.5%) for the group eating meals containing a high level of cadmium for 3
days (Kikuchi et al., 2003).
2.3.2

Renal tubular dysfunction, clinical disease, and mortality

The prevalence of and prognosis associated with renal toxicity caused by
cadmium has recently been investigated using human complex-forming glycoprotein (protein HC, also called a1-microglobulin) as the primary effect biomarker. In
the assessment of tubular proteinuria, protein HC is regarded as preferable to b2microglobin because it is more stable at the typical pH of urine.
(a)

Populations living in the vicinity of industrial sources of
cadmium pollution

The OSCAR study involved all people aged 16–80 years who had lived for at
least 5 years during the period 1910–1992 in the proximity of a nickel–cadmium
battery plant in southern Sweden. An additional group of age- and sex-matched
people was randomly selected from a general medical practice register in a nearby
area and was included in this “environmentally-exposed” group. A group of workers

519

CADMIUM

Table 3. Concentration of cadmium in urine and corresponding prevalence and
odds ratios of tubular proteinuria
Concentration of
cadmium in urine
(mg/g creatinine)

<0.3
0.3–<0.5
0.5–<1
1–<2
2–<3
3–<5
≥5

Prevalence of tubular proteinuria (%)

Odds ratio (95% CI)

Environmental
exposure

Occupational
exposure

All

Environmental
exposure only

4.8
14
26
42
100
—
—

7.7
13
12
18
30
35
50

1.0
1.8
2.7
3.6
4.0
4.7
6.0

(reference)
(0.9–3.5)
(1.4–5.3)
(1.7–7.6)
(1.4–12)
(1.6–14)
(1.6–22)

1.0
2.5
4.3
7.5
—
—
—

(reference)
(1.1–5.5)
(1.9–11)
(3.5–44)

Adapted from Table 3 in Järup et al. (2000)

at the battery plant was also enrolled. The overall participation rate was 60%,
resulting in a total sample size of 1021. The 95th percentile of the concentration
of protein HC in urine for a Swedish reference population was used to define
tubular proteinuria: 0.8 mg/g creatinine in men and 0.6 mg/g creatinine in women.
Thus, sex was taken into account by use of values from this reference population,
although it was not certain that the age distribution of the reference population
resembled that of the OSCAR study population. The mean (10th, 90th percentiles)
urinary concentration of cadmium was 0.82 mg/g creatinine (0.18, 1.8) in men and
0.66 mg/g creatinine (0.21, 1.3) in women. A positive, linear relationship was found
between urinary concentrations of cadmium and protein HC (p < 0.0001 in men,
p = 0.0033 in women). The concentrations of protein HC for a total of 171 people
exceeded the cut-offs defining tubular proteinuria, and the prevalence showed a
clear dose–response relationship with urinary concentrations of cadmium (trend,
p < 0.001 for the entire cohort, p = 0.001 for the environmentally-exposed subgroup only). Table 3 summarizes the prevalence and odds ratios (OR) for tubular
proteinuria associated with different ranges of concentration of urinary cadmium,
for the cohort as a whole and for the environmentally-exposed subgroup (Järup et
al., 2000).
Additional analyses in which the concentration of cadmium in blood served as
the biomarker for exposure were done in response to the criticism that a higher
concentration of cadmium in urine might reflect not only higher exposure but might
also be a marker for existing renal damage, complicating interpretation. Thus when
tubular proteinuria is already present, the concentration of cadmium in blood might
be a better estimate of dose. The mean (10th, 90th percentiles) concentration of
cadmium in blood was 0.85 mg/l (0.15, 1.91) in men and 0.62 mg/l (0.17, 1.35) in
women. Analyses similar to those carried out for urinary cadmium and protein HC
and tubular proteinuria were conducted. A significant positive relationship was
found between cadmium in blood and protein HC in both men and women, after
adjusting for age, smoking, and lead in blood. Stratifying individuals into five groups
on the basis of concentration of cadmium in blood revealed a dose–response
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relationship between cadmium in blood and tubular proteinuria: the concentration
of cadmium in blood in the reference group was <0.56 mg/l; the remaining individuals were divided among four groups of roughly equal size corresponding to concentrations of 0.56–0.79, 0.79–1.12, 1.12–1.69, and >1.69 mg/l. Elevated risks for
tubular proteinuria, adjusted for age, sex, and smoking, were seen for the three
groups with the higher concentrations of cadmium in blood (i.e. >0.79 mg/l) (Alfven
et al., 2002).
A complete list was generated of residents (aged 0.5–75 years) of a community contaminated with various heavy metals as a result of past zinc-smelting operations, who had lived in their homes for the previous 0.5 year; residents were
randomly selected from this list. Residents of another community 10 km away
served as an unexposed comparison group. Untimed (“spot”) urine samples were
collected from 361 people aged 6–74 years (64% participation rate in the smelter
town; 50% in the comparison area). The geometric mean concentration of
cadmium in urine was 0.14 mg/g creatinine (95th percentile, 1.01; two individuals
had a concentration of >2 mg/g creatinine). Levels of the biomarkers of early kidney
damage NAG, alanine aminopeptidase, albumin, and b2-microglobulin were measured. Data for children aged 6–17 years and adults were analysed separately
because of concerns about the influence of pubertal stage on the biomarkers. In
children, concentration of urinary cadmium was not associated with any renal biomarker after adjustment for creatinine, age, and sex. In adults, concentration of
cadmium in urine was positively associated with NAG, and alanine aminopeptidase after adjustment for creatinine, age, sex, smoking, and self-reported thyroid
disease or diabetes. When adults were classified into five groups on the basis of
creatinine-adjusted concentrations of cadmium in urine, NAG and alanine
aminopeptidase showed a positive linear relationship, such that the levels of NAG
and alanine aminopeptidase in people with the highest concentration of cadmium
in urine (>1 mg/g creatinine) were 53% and 43%, respectively, higher than those of
people with the lowest concentrations (<0.25 mg/g creatinine). No consistent relationship was found between concentration of cadmium in urine and concentrations
of albumin or b2-microglobulin (although reduced statistical power might have been
responsible for the latter, insofar as almost 50% of urine samples were excluded
because of a pH of <6.0). The authors noted that the importance of this study lies
in the relatively low exposures to cadmium at which some signs of early kidney
damage were evident. The geometric mean concentration of cadmium in urine
among the adults in the study sample was 0.23 mg/g creatinine, and all adults
except two had a concentration of <2 mg/g, so the dose–effect relationship that was
evident for some biomarkers pertained to concentrations of <2 mg/g creatinine. The
authors cautioned, however, that it is not clear whether the changes in enzymes
noted represent “. . . early, irreversible tubular damage or an overly sensitive
indication of subclinical effects that will never progress to actual renal dysfunction . . .” (Noonan et al., 2002).
An evaluation of the association between renal function and relatively low exposures to cadmium was carried out in a population living within 8 km of nonferrous
smelters in northern France. Four hundred children (aged 8.5–13 years) and 600
adults (aged 18–54 years) were compared with age- and sex-matched controls
drawn randomly from towns of comparable size but without significant sources of
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exposure to heavy metals. Measurements were made of urinary albumin, transferrin, b2-microglobulin, NAG, creatinine, and mercury in urine, while cadmium,
lead, and serum creatinine were measured in blood. The mean concentration of
blood cadmium was higher in the polluted area (mean, 0.86 mg/l; range 0.04–5.99)
than in the control area (mean, 0.64 mg/l; range, 0.04–2.53), but there was no significant difference in the prevalence of elevated concentrations of blood cadmium
or indices of renal function between the two areas. Among children, a positive
association was found between cadmium in blood and total NAG, although the
magnitude of the correlation was modest (r = 0.25). The authors concluded that
this finding probably reflects an “early subclinical excretory response of the renal
proximal tubule” which, in the absence of increased exposure, is unlikely to
progress to overt renal dysfunction. No significant associations between cadmium
in blood and indices of renal function were observed among adults. Exposures to
heavy metals were lower in this sample than in samples in the Cadmibel or
Pheecad studies. The authors concluded that the exposures in this sample were
lower than those required to produce a change in renal function (DeBurbure et al.,
2003).
In another study of relatively low environmental exposure to cadmium, 800 pig
producers in southern Sweden were randomly selected. Of the 48% who volunteered to participate in the study, detailed data from a questionnaire were collected
and sampling of blood and urine was performed for 105 persons. Measurements
were made of blood cadmium, haemoglobin, serum iron, total iron-binding capacity, serum albumin, serum creatinine, and serum ferritin. Urinary cadmium, b2microglobulin, albumin, creatinine, NAG, and protein HC were also measured. The
mean concentration of cadmium in blood was 0.26 mg/l (median, 0.20; range,
0.04–2.02), and the mean concentration of cadmiumin urine was 0.26 mg/g creatinine (median, 0.23; range, 0.07–0.99). b2-Microglobulin was significantly positively
associated with urinary cadmium, after adjusting for age, whereas protein HC and
NAG were not. The authors speculated that “. . . the causal contribution of
cadmium to impairments [in HC and NAG] may have been underestimated due to
overcontrolling for age, resulting from highly significant correlations between
urinary cadmium and age”. The most critical aspect of this study is that the concentration of cadmium in urine as <1 mg/g creatinine in all study participants
(Olsson et al., 2002).
In a study conducted among 734 individuals aged ≥36 years in areas contaminated with cadmium in China, cadmium in blood and urine, and urinary retinalbinding protein were measured. Mean concentrations of cadmium among
individuals living in a control area were 1.7 mg/l and 2.4 mg/g creatinine in blood
and urine, respectively. In the two areas polluted with cadmium, the mean concentrations of cadmium in blood were 4.6 and 12.1 mg/l, and the mean concentrations of cadmium in urine were 4.8 and 14.5 mg/g creatinine. Among both men and
women, concentrations of urinary retinal-binding protein were significantly
increased at concentrations of urinary cadmium of >10 mg/g creatinine, and at concentrations of blood cadmium of >10 mg/l, using individuals with concentrations of
<2 mg/g creatinine as the reference group. In addition, a dose–response analysis
was conducted, using urinary retinal-binding protein at a concentration of >3 mg/g
creatinine, adjusted for body mass index, to define an elevated level. Among men,
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again using men with concentrations of cadmium in urine of <2 mg/g creatinine as
the reference group, a significantly increased prevalence of elevated concentration of urinary retinal-binding protein was observed among all groups with a concentration of >5 mg/g creatinine. Among women, a significant elevation was
observed among all groups with concentrations of urinary cadmium of >10 mg/g
creatinine. For both men and women, a significant increase in elevated concentrations of urinary retinal-binding protein was observed in all groups with concentrations of blood cadmium exceeding 10 mg/l (Nordberg et al., 2002).
Additional data are available on the clinical significance of cadmium-associated
tubular dysfunction. Previous results from the Cadmibel study indicated that dysfunction was not progressive, i.e. did not lead to glomerular dysfunction, and was
perhaps even reversible following reduction of exposure (Holtz et al., 1999). In
studies of occupationally-exposed workers, risk was found to depend on the body
burden of cadmium and on the severity of tubular proteinuria at the time that exposure was reduced. Tubular dysfunction appeared to be reversible when tubular
proteinuria was mild (b2-microglobulin >300 but £1500 mg/g creatinine) and concentration of urinary cadmium never exceeded 20 mg/g creatinine. When tubular
proteinuria was more severe and concentration of blood cadmium did exceed
20 mg/g creatinine, cadmium-associated tubular dysfunction was progressive,
despite reduction in exposure to cadmium (Roels et al., 1997).
An ecological study examined the incidence of end-stage renal disease in the
population residing near two nickel–cadmium battery plants in Kalmar county,
Sweden. The study population consisted of all people aged 20–79 years who lived
in the county between 1978 and 1995, classified into four groups by presumed
exposure to cadmium: (1) high exposure: 655 occupationally-exposed workers in
the battery plant who were employed for at least 1 year in either of the plants; (2)
moderate exposure: 8825 people living within 2 km of either plant; (3) low exposure: 7200 people living 2–10 km from a plant; (4) not exposed: 152 477 people
living in other areas of the county. County case registers were used to identify all
incident cases of renal replacement therapy (renal dialysis or transplantation)
between 1 January 1978 and 31 December 1995. Weighted Mantel-Haenszel rate
ratios (MH-RR), stratified by sex and age, and directly age-standardized rate ratios
(SRR) were calculated. The weighted MH-RR for renal replacement therapy in the
group exposed to cadmium was 1.8 (95% CI, 1.3–2.3) and was greater in women
(OR, 2.3; 95% CI, 1.5–3.5) than in men (OR, 1.5; 95% CI, 1.0–2.1). If analyses
were restricted to people who were only exposed to cadmium environmentally, the
MH-RR was unchanged, at 1.7 (95% CI, 1.3–2.3). When the measure of association was the SRR, a significant trend in the dose–response relationship was found
(p <0.001), with an SRR of 1.4 (95% CI, 0.8–2.0) in the group with low exposure,
1.9 (95% CI, 1.3–2.5) in the group with moderate exposure, and 2.3 (95% CI,
0.6–6.0) in the group with high exposure. No measurements were made of biomarkers of exposure to cadmium in any of the participants, making assessment
of exposure the weakest aspect of this study. The authors noted that movement
into and out of the study area occurs but is limited, noting as well that any misclassification of exposure resulting from such a process would tend to reduce an
association between residence and end-stage renal disease, rather than create a
spurious association. Cross-sectional surveys conducted among residents in the
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study area revealed concentrations of urinary cadmium of 1–2 mg/g creatinine. To
the extent possible given the limitations of the data, potential confounding of the
association by other primary causes of chronic renal failure (e.g, cardiovascular
diseases, diabetes, vascular or systemic diseases, use of analgesics) was discounted. As cadmium was not considered to be the primary cause of need for renal
replacement therapy in this population, the authors accorded a secondary role to
cadmium, suggesting that “. . . accumulated cadmium in the kidneys contributes to
the deterioration of renal disease, such as chronic glomerulonephritis or secondary to diabetes” (Hellstrom et al., 2001).
The possible renal effects of combined exposure to cadmium and arsenic were
studied using data from three studies: the Cadmibel and Pheecad studies conducted in Belgium, and a study conducted in China. The following biomarkers of
exposure were available for all study samples: concentrations of cadmium in blood
and urine, and concentrations of inorganic arsenic (including its monoand dimethylated metabolites) in urine. The following biomarkers of renal function
were available: urinary albumin (as an index of glomerular permeability), b2microglobulin and retinal-binding protein (as indices of tubular dysfunction), and
NAG. After adjusting for smoking, alcohol consumption, body mass index, diabetes, urinary tract disorders, and use of analgesics, no clear evidence of a significant interaction between cadmium and arsenic was found in either of the studies
conducted in Belgium. Among Chinese women who were not exposed occupationally, both biomarkers of tubular dysfunction increased with increasing exposure
to cadmium or arsenic alone, but combined exposure to both metals at high levels
appeared to act synergistically. The corresponding concentrations of cadmium and
arsenic among Chinese women with the highest exposures were: blood cadmium,
10 mg/l; urinary cadmium, 12 mg/g creatinine; urinary arsenic, 35–40 mg/g creatinine.
The present reviewer concluded that these findings should be considered preliminary as the authors could not account for the fact that the interaction was significant among Chinese women but not Chinese men, and in Chinese women but
not Belgian woman (Buchet et al., 2003).
(b)

Studies in Japan

In Japanese research articles, the description “cadmium-nonpolluted area”
does not necessarily mean that no cadmium was detected in the soil of the given
area. Indeed, the concentration of cadmium in the soil might be higher than those
found in the environment in the rest of the world. On the other hand, a “cadmiumpolluted area” is defined by administrative authorities, from a risk management
point of view, as an area in which the unpolished rice produced in the paddy fields
contains a concentration of cadmium of >1 mg/kg. The description of “cadmiumpolluted area” in some research articles does not necessarily mean that the given
area is so designated by the authorities. The description applied by the authors is
adopted throughout this section of the monograph.
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General population studies: elevated levels of cadmium
in the environment
Since the fifty-fifth meeting of the Committee (Annex 1, references 149, 150),
Nogawa and coworkers have published a series of epidemiological studies that reanalyse the data obtained in the health survey performed in 1967 (Osawa et al.,
2001; Kobayashi et al., 2002a).
An epidemiological study on the entire population, aged >30 years, of the Jinzu
River basin was performed by targeting the subjects participating in the 1967
health survey conducted mainly in the heavily polluted area. From people who had
eaten household rice of known concentration of cadmium, 1075 people (634 men
and 441 women) who had either resided in their current household since birth or
who had moved there from an unpolluted area (group A), and 780 people who had
resided in their current household since birth (group B), were selected as the target
population. The total intake of cadmium for each person was calculated from the
amounts of cadmium ingested from rice and other foods, according to Nogawa’s
formula:
(concentration of cadmium in rice ¥ 333.5 g + 34 mg) ¥ 365 days ¥ number of
years living in current household + 50 mg ¥ 365 days ¥ non-Jinzu River basin
where the daily mean rice intake, the mean daily intake of cadmium from foods
other than rice in the region that was polluted with cadmium and the mean daily
intake of cadmium in the region that was not polluted with cadmium were estimated to be 333.5 g, 34 mg and 50 mg, respectively. Logistic regression analysis
was performed using the prevalence of abnormal urinary findings (proteinuria, glucosuria or both) as the criterion variable and the total intake of cadmium and age
as explanatory variables. In people in groups A and B, the odds ratios became
higher as the total intake of cadmium increased. Odds ratios for group A were statistically significant, except for glucosuria in men and proteinuria in women. In
group B, the odds ratios were also significant for both proteinuria and glucosuria
in men and glucosuria in women. The authors concluded that the greater the
increase in total intake of cadmium, the greater the increase in abnormal urinary
findings for people having resided in a region contaminated with cadmium in the
Jinzu River basin (Kobayashi et al., 2002a).
Another paper on the same epidemiological study performed in 1967
(described above), reported on the relationship between renal dysfunction and
concentration of cadmium in rice produced by individual hamlets in the Jinzu River
basin, Japan. The authors suggested that people who had lived in the same hamlet
since birth, eating rice containing low concentrations of cadmium, did not develop
renal dysfunction until the period of residence was prolonged, while people who
ate rice containing high concentrations of cadmium developed renal dysfunction
even after a short period of residence in the hamlet. For people who had lived in
the same hamlet for more than 30 years and were aged >50 years, the prevalence
of urinary abnormalities in individual hamlets increased significantly with increases
in the mean concentration of cadmium in rice, demonstrating that a dose–response
relationship exists. The authors defined the allowable concentration of cadmium
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in rice as the concentration that does not exceed the reference values for prevalence of proteinuria, glucosuria or both. They calculated that the allowable concentration of cadmium in rice, as derived from the regression line, is estimated to
be in the range of 0.05 to 0.20 mg/kg (Osawa et al., 2001). The Committee noted
that this study was conducted nearly 30 years ago, that the participants were residing in areas that were polluted with cadmium nearly 20–30 years before the time
of the study, and that lifestyles (including intake of rice as well as physical characteristics reflecting nutritional status) have changed. For example, average daily
intake of rice in the region polluted with cadmium described above is estimated to
have been approximately 340 g per day in the late 1960s, but approximately
160 g per day in 1999, according to the National Nutritional Survey performed by
the Ministry of Health, Welfare and Labour (Osawa et al., 2001).
General population studies: normal levels of cadmium
in the environment
Several research groups have investigated the renal effects of exposure to
cadmium in people living in “cadmium-nonpolluted” areas.
A study of 1501 inhabitants (558 men and 743 women) aged >50 years was
conducted in the Boso peninsula in Chiba prefecture. The concentration of urinary
cadmium used as a surrogate for the internal dose was found to be 1.0 mg/l for
men and 0.9 mg/l for women. The authors adopted total urinary protein, b2microglobulin and NAG as indicators of renal dysfunction. Statistically significant
relationships between the amount of cadmium excreted in the urine and these indicators of renal dysfunction were found using multiple regression analysis and a
logistic regression analysis. The authors concluded that renal dysfunction was
induced by exposure to a normal level of cadmium in the environment (Yamanaka
et al., 1998).
Another epidemiological study was conducted by the same research group in
two cadmium-nonpolluted areas in the Noto peninsula. Target populations of
similar socioeconomic status were selected, comprising 875 people (346 men and
529 women) in area A and 635 people (222 men and 413 women) in area B, all
of whom were aged >50 years. The geometric mean concentrations of urinary
cadmium were 2.2 mg/l for men and 2.8 mg/l for women in area A, and 3.4 mg/l for
men and 3.9 mg/l for women in area B. In the two locations, multiple regression
analysis and logistic regression analysis showed that there was a significant association between concentration of urinary cadmium and the indicators of renal dysfunction. The authors concluded that renal dysfunction is significantly related to
exposure to cadmium in the environment in cadmium-nonpolluted areas (Oo et al.,
2000).
The target populations (1105 men and 1648 women, aged >50 years) in three
cadmium-nonpolluted areas were combined for statistical analysis, as these areas
are all rural and regarded as similar in terms of socioeconomic characteristics. The
urinary cadmium concentrations of people living in the two areas in the Noto peninsula appeared to be higher than those of people living in the Boso penisula. Multiple regression analysis showed a statistically significant relationship between
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concentrations of cadmium in blood and urine, and indicators of renal dysfunction,
while logistic regression analysis indicated that the probability that individual subjects would have abnormal values for the renal parameters was statistically significantly related to concentrations of cadmium in blood and urine (Suwazono et
al., 2000).
In contrast to the studies described above, in which positive correlations
between normal levels of cadmium in the environment and levels of urinary biomarkers were found, no association between environmental exposure to cadmium
and renal dysfunction was been reported. In 2000–2001, 10 753 women (mostly
aged 35–60 years), with no history of occupational exposure to cadmium, in 10
prefectures throughout Japan, were requested to provide morning urine specimens. The authors found that the geometric mean creatinine-corrected concentrations of urinary cadmium, a1-microglobulin and b2-microglobulin were 1.26 mg/g
creatinine (range, below limit of detection–20.9), 2.54 mg/g creatinine (range,
below limit of detection–45.0) and 115 mg/g creatinine (range, below limit of detection–3862), respectively. Both multiple regression analysis and logistic regression
analysis indicated that age was a confounding factor in evaluating the effect of
urinary cadmium on concentrations of a1-microglobulin and b2-microglobulin. While
the logistic regression analysis including participants of all ages showed a positive influence of log(concentration of urinary cadmium) on log(concentration of a1microglobulin) and log(concentration of b2-microglobulin), this effect disappeared
when logistic regression analysis was conducted for each age group separately
(ages 41–50 years and 51–60 years (analyses were restricted to these two age
goups in order to reduce the effect of age, according to the the authors). When
each age group was further divided into two subgroups according to concentrations of urinary cadmium, concentrations of a1-microglobulin and b2-microglobulin
were higher in the groups with a high concentration of urinary cadmium, but the
prevalence of a1-microglobulinuria and b2-microglobulinuria did not differ between
the two groups, depending on the cut-off values used. In the overall evaluation,
there was no clear-cut evidence to suggest that environmental exposure to
cadmium induced tubular dysfunction among women aged 41–60 years in the
general population in Japan (Ezaki et al., 2003).
In a subsequent analysis of the same target population, all women were classified into five groups according to concentration of urinary cadmium, and the geometric mean and its standard deviation for concentration of a1-microglobulin and
b2-microglobulin in the urine were calculated for each group. The largest geometric mean concentration of urinary cadmium among the 10 prefectures was 3.2 mg/g
creatinine, and the maximum concentration of urinary cadmium observed was
20.9 mg/g creatinine. The prevalence of cases for which the cut-off values for each
of a1-microglobulin and b2-microglobulin were exceeded was found to increase with
the amount of cadmium excreted in urine, without an apparent threshold. Since
concentrations of a1-microglobulin and b2-microglobulin were found to increase not
only with increasing concentration of urinary cadmium, but also with increases in
the concentration of other elements, such as magnesium and calcium, the authors
concluded that no causal relationship exists between urinary cadmium and the lowmolecular-mass protein biomarkers. Other contributing factors, such as age and
other disease conditions, were not included (Ezaki et al., 2003).
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In another epidemiological study, 44 men and 54 women were recruited from
a cadmium-polluted area, and 21 men and 49 women from a cadmium-unpolluted
area, or reference area. Diagnosis was carried out using biomarkers of exposure
to cadmium, such as blood cadmium, as well as biomarkers for renal dysfunction,
such as b2-microglobulin, a1-microglobulin, NAG, total protein, inorganic phosphorus, lysozyme and creatinine; no cases of severe renal dysfunction caused
by cadmium poisoning were observed. The geometric mean concentrations of
urinary and blood cadmium in the cadmium-polluted area were 2.69 mg/g creatinine (range, 0.24–11.3) and 0.38 mg/dl (range, 0.2–1.2) for men, and 4.68 mg/g creatinine (range, 0.51–22.2) and 0.41 mg/dl (range, 0.1–1.1) for women, respectively.
On the other hand, in the reference area the geometric means for these parameters were 1.08 mg/g creatinine (range, 0.20–3.92) and 0.21 mg/dl (range, 0.1–0.6)
for men, and 1.69 mg/g creatinine (range, 0.12–5.08) and 0.25 mg/dl (range,
0.1–0.5) for women, respectively. The concentrations of cadmium in both urine and
whole blood of the men and women living in the polluted area were significantly
higher than those of people living in the reference area, but no difference in concentrations of urinary b2-microglobulin was found between the two areas. For
women, urinary a1-microglobulin was significantly higher in the polluted area than
in the reference area. The correlation analysis, by either Pearson’s or Spearman’s
method, depending upon the distribution of data, showed that b2-microglobulin, a1microglobulin and NAG were positively correlated with concentrations of cadmium
in both urine and whole blood for men and women in the polluted area, with the
exception of urinary b2-microglobulin and urinary cadmium in men. The index of
estimated intake of cadmium from rice was expressed as the product of concentrations of cadmium in homegrown rice multiplied by daily frequency multiplied by
duration (years) of residence in the polluted area. In multiple regression analysis,
cadmium in whole blood was independently associated with the index of estimated
intake of cadmium from rice, and with age and sex. Variations in whole blood
cadmium accounted for a substantial portion of the variance in urinary cadmium;
this relationship was weaker in older individuals. The concentration of cadmium in
whole blood was the only independent variable that was related to variations in
urinary b2-microglobulin, suggesting that the consumption of homegrown rice polluted with low concentrations of cadmium resulted in an elevation of concentration
of cadmium in whole blood, and a consequent increase in urinary cadmium. On
the other hand, no clear-cut relationship between the slight elevation in cadmium
body burden and the increased excretion of urinary low-molecular-mass
microglobulins was observed (Nakadaira & Nishi, 2003).
The shape of the dose–response relationship between concentration of urinary
cadmium as a surrogate for the internal body burden of cadmium and concentration of urinary b2-microglobulin was analysed using the results of 12 research articles reporting on epidemiological studies carried out in Japanese populations (32
groups of men and 58 groups of women). The target study populations in these
papers comprised four areas that had been officially designated as cadmiumpolluted areas (the Jinzu River basin in Toyama prefecture, the Kakahashi River
basin in Ishikawa prefecture, Kosaka in Akita prefecture and Tsushima Island in
Nagasaki prefecture) and four cadmium-unpolluted areas. The relationship
between concentrations of urinary b2-microglobulin and urinary cadmium, was
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found to be not linear, but in the shape of a hockey-stick. When the results for
women who did not have elevated concentrations of urinary b2-microglobulin, or
who had a concentration of either >400 or >1000 mg were examined by regression
analysis, a threshold level for concentration of urinary cadmium in relation to an
increase in urinary b2-microglobulin concentration was apparently present at a
urinary cadmium concentration of approximately 11–12 mg/g creatinine. A similar
trend and threshold value were found for both men and women (Ikeda et al., 2003).
The threshold value estimated by Ikeda et al. (2003) is in agreement with that
reported other studies (Van Sittert et al., 1993; Lauwreys et al., 1994; Zhang
et al., 2002).
A total of 1482 adult women of various ages in six prefectures in Japan were
asked to provide peripheral blood and spot urine samples and to answer questionnaires on their social habits and health conditions. The women were classified
into groups of women with anaemia (40), with iron deficiency (526), and normal
controls (916), using ferritin (concentration of ferritin, <20 ng/ml) and haemoglobin
(concentration of haemoglobin, <10 g/100 ml) as classification indicators. Serum
iron was lower and total iron-binding capacity was higher in accordance with levels
in ferritin and haemoglobin in the groups of women with anaemia and with iron
deficiency, although red blood cells counts stayed either essentially unchanged or
only slightly reduced. In contrast, no increases in concentrations of urinary
cadmium, a1-microglobulin or b2-microglobulin were observed. The comparison of
concentrations of urinary cadmium, a1-microglobulin, and b2-microglobulin of the
cases compared with those of controls matched by age and prefecture of residence showed that there was no substantial difference between women with
anaemia and controls (40 pairs) and between women with iron deficiency and controls (391 pairs). For one case of clinical anaemia, however, concentration of
urinary cadmium was higher than that among women of the same age range and
from the same prefecture, although concentrations of a1-microglobulin and b2microglobulin remained unchanged. The authors concluded that the current level
of iron deficiency among women in the general population in Japan might not
cause any increase in absorption of cadmium or in tubular dysfunction induced by
cadmium (Tsukahara et al., 2002). The re-analysis of the same study population
led to the same conclusion (Tsukahara et al., 2003).
The possible confounding effects of age and correction for creatinine on the
detection of renal tubular dysfunction were studied using essentially the same data
as described above (Tsukahara et al., 2002, 2003), comprising a total of 817 neversmoking women aged 20–74 years. The geometric mean concentration of urinary
cadmium was 1.41 mg/l (range, 0.5–7.9) or 1.3 mg/g creatinine. Of the four biomarkers of renal dysfunction used in this study, simple regression analysis showed
that NAG had the most significant relationship to concentration of urinary cadmium,
followed by a1-microglobulin, b2-microglobulin, while urinary retinal-binding protein
had the least significant relationship. The authors reported that both concentration
and specific gravity (another correction parameter) of urinary creatinine were
inversely related to age, and recommended the use of uncorrected observed
values for biomarkers for renal dysfunction, rather than the traditionally-used creatinine correction, when a study population consists of a population with a wide
range of ages (Moriguchi et al., 2003).
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A total of 1381 female farmers living in five different locations around Japan
were asked to give samples of their polished rice and bean paste (miso) and were
asked what quantities they consumed daily, to determine the level of exposure to
cadmium from main food items. One district that had not been known to produce
rice that was highly contaminated with cadmium (>0.4 mg/g) was considered to be
the reference. The female farmers in the five target populations showed a sequential difference in their levels of exposure to cadmium in the diet, ranging from a
level as low as that of the general Japanese population to one close to the current
provisional tolerable weekly intake (PTWI) (7 mg/kg bw per day). Urinary excretion
of cadmium, an indicator of the accumulation of cadmium in the kidneys, increased
along the same sequential pattern as exposure to cadmium in the diet. However,
no differences were observed between the populations in the amounts of a1microglobulin and b2-microglobulin excreted in urine. According to multiple regression analysis, age rather than concentrations of cadmium in blood or urine showed
larger standard partial regression coefficients. The authors concluded that the
current PTWI is adequate to prevent renal dysfunction induced by cadmium in the
general population (Horiguchi et al., 2004a).
2.3.3

Calcium metabolism and osteoporosis

It has been established that excessive exposure to cadmium affects the metabolism of calcium, leading to osteomalacia subsequent to proximal tubular dysfunction in the damaged kidneys; in the most severe cases, patients develop
Itai-Itai disease, with osteomalacia as well as osteoporosis. Recently, it has been
reported that bone mineral loss and disruption of calcium homeostasis has
occurred in people in China, and that environmental levels of exposure to cadmium
may induce osteoporosis either following or preceding the manifestation of renal
dysfunction in China and Japan, as described below.
Urinary excretion of calcium was measured in residents of two villages in China,
in an effort to evaluate whether this is a more sensitive and stable biomarker of
renal damage associated with exposure to cadmium than b2-microglobulin or NAG.
One village was located near a smelter and was considered to be polluted with
cadmium, while the other village, of similar economic status, was not. Study participants aged >35 years were chosen randomly from village records: 252 residents from the polluted village and 246 residents from the control village. Urinary
concentrations of cadmium, calcium, zinc, b2-microglobulin, NAG, and creatinine
were measured. Most residents of the control village had concentrations of urinary
cadmium of <2 mg/g creatinine, while most residents of the polluted village had
concentrations of >5 mg/g creatinine. Concentrations of urinary calcium, b2microglobulin, and NAG were significantly higher in the polluted village than in the
control village, in both men and women. Using the distributions of values for the
control village, cut-off thresholds for identifying residents with abnormal levels of
urinary calcium, b2-microglobulin, and NAG were determined (calcium, >220 mg/g
creatinine; b2-microglobulin, >800 and >900 mg/g creatinine for men and women,
respectively; NAG, >120 mg/g creatinine). Significant dose–response relationships
were found for all three biomarkers. Using individuals with urinary cadmium concentrations of <2 mg/g creatinine as the reference group, the prevalence of
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hypercalciuria was significantly increased among residents with urinary cadmium
concentrations of between 2 and 5 mg/g creatinine. Linear models provided the best
fit for all biomarkers of effect. The authors concluded that because concentration
of urinary calcium increases in proportion to b2-microglobulin and NAG, it is a useful
biomarker of early nephrotoxicity at low levels of exposure to cadmium in the environment (Wu et al., 2001).
A sample of 53 women aged 65–76 years (mean, 70.0 ± 3.3 years), with renal
tubular dysfunction and living in cadmium-polluted areas in the Jinzu River basin
were found to excrete a large quantities of cadmium into urine (mean, 17.2 mg/g
creatinine). The women had severe renal dysfunction, characterized by fractional
excretion of b2-microglobulin (FEb2-microglobulin), with a mean value of 5.1 (range,
0.45–53%) compared to a reference range of 0.01–0.29%. At these high levels of
exposure to cadmium, bone metabolism was altered and correlated with markers
of renal tubular dysfunction, such as FEb2-microglobulin. The authors concluded
that postmenopausal women who had been exposed to cadmium in the environment for many years, and who had severe renal dysfunction, also showed altered
bone metabolism, potentially resulting in osteoporosis (Aoshima et al., 2003).
Concentrations of cadmium in blood and urine were measured in 734 individuals aged >36 years and living in one of two areas polluted with cadmium or in a
control area, in China. Mean concentration of blood cadmium was 1.7 mg/l in controls, and 4.6 and 12.1 mg/l in persons in the two polluted areas. Concentrations of
cadmium in urine were 2.4, 4.8, and 14.5 mg/g creatinine in persons in the three
areas, respectively. A concentration of urinary cadmium of 20 mg/g creatinine or a
blood cadmium concentration of 20 mg/l was considered to be high. Forearm bone
mineral density was significantly lower among postmenopausal women with high
concentrations of cadmium in blood or urine, and in men with high concentrations
of cadmium in blood. A dose–response analysis was also performed, in which a
forearm bone density of below the 10th percentile was the adverse outcome. Low
bone-mineral density was significantly more frequent among men with either high
concentrations of urinary cadmium or high concentrations of blood cadmium,
among premenopausal women with high concentrations of blood cadmium, and
among postmenopausal women with high concentrations of either blood or urinary
cadmium (Nordberg et al., 2002).
Three epidemiological studies have been reported on the possible change in
bone metabolism in persons who did not show signs of renal dysfunction. In the
OSCAR study, bone mineral density was included among the study protocols (the
design of which was described above in the section on renal toxicity). Bone mineral
density was measured at a distal site on an individual’s non-dominant forearm
while in the supine position. The degree of osteoporosis was expressed as an individual’s z-score, determined by comparing bone mineral density to age and sex
norms. The analyses were restricted to study participants aged >60 years, and
were adjusted for age, body weight, concentration of blood lead , and smoking.
Bone mineral density was negatively correlated with concentration of blood
cadmium for both women and men, although the association was statistically significant only for women. Dose–response analyses were conducted, in which the
adverse outcome was an age- and sex-adjusted z-score of <-1. The odds ratios,
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adjusted for age, body weight, and smoking, were 2.0 (95% CI, 1.1–3.9) for individuals with concentrations of blood cadmium of 0.16–1.12 mg/l, and 2.9 (95% CI,
1.4–5.8) for individuals with concentrations of >1.12 mg/l (Alfven et al., 2002).
For a total of 908 women aged 40–88 years living in a urban, cadmiumunpolluted area in Japan, concentration of urinary cadmium, NAG activity, concentration of b2-microglobulin, and the stiffness index (STIFF) of calcaneal bone
according to an ultrasound method were analysed. The concentration of urinary
cadmium in the women (mean, 2.87 mg/g creatinine; range, 0.25–11.4 mg/g creatinine) showed a significant correlation with NAG activity but not with concentration
of b2-microglobulin. STIFF was significantly inversely correlated with urinary
cadmium, and the association remained significant after adjusting for age, body
weight, and menstrual status, which suggests that cadmium has a significant effect
on bone loss in these women who are without signs of kidney damage induced by
cadmium. A two-fold increase in concentration of urinary cadmium was accompanied by a decrease in STIFF corresponding to an increase in age of 1.7 years.
The author concluded that these results emphasize the need for reassessment of
the significance of exposure to cadmium in the general Japanese population, and
the urgent need to study the possible underlying mechanism (Honda et al., 2003).
To examine the hypothesis that low-level environmental exposure to cadmium,
independent from renal dysfunction, increases the risk of osteoporosis and bone
demineralization, a cross-sectional epidemiological study was conducted in five
districts in Japan among a total of 1380 female farmers who had eaten rice contaminated by cadmium. Analysis of the data, grouped by urinary cadmium concentration and age-related menstrual status, suggested that cadmium accelerates
the increase in excretion of urinary calcium around the time of menopause and
the subsequent decrease in bone density after menopause. However, multivariate
analyses showed no significant contribution of cadmium to bone density or urinary
excretion of calcium, and the authors reported that the results described above
were confounded by other factors, and that exposure to cadmium at a level that
is insufficient to induce renal dysfunction does not increase the risk of osteoporosis (Horiguchi et al., 2004c).
2.3.4

Hypertension

Two new cross-sectional studies on exposure to cadmium, and blood pressure
were identified, both of which were conducted by a group from Croatia, and
included 267 nonsmoking women aged 40–85 years, with a mean blood cadmium
concentration of 0.6 mg/l (range, 0.2–4.5). Blood cadmium was a significant predictor of systolic blood pressure, after adjusting for age and body mass index, while
the association between blood cadmium and diastolic blood pressure was marginally significant, after adjusting for body mass index, age, area of residence, and
alcohol consumption (Pizent et al., 2001).
The associations between blood pressure and several elements (cadmium,
lead, copper, zinc and selenium) were studied in 154 men, aged 19–53 years,
without known occupational exposures to these elements. The study sample consisted of men randomly selected from those attending a clinic for couples with
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fertility difficulties or men making voluntary sperm donations. Exclusion criteria
included diabetes, coronary heart disease, cardiovascular or peripheral vascular
disease, renal disease, or other diseases known to affect either blood pressure or
the metabolism of metals. Men taking anti-hypertension medications were also
excluded. The median concentration of blood cadmium was 0.83 mg/l (range,
0.21–11.93) and was highest among smokers. Blood pressure was measured twice
in the sitting position. Blood cadmium was not significantly associated with either
systolic or diastolic blood pressure in unadjusted or multivariate analyses adjusted
for potential confounders. It is possible that when most of the exposure to cadmium
within a cohort is the result of smoking, an association between blood cadmium
and blood pressure is obscured if adjustment is made for factors, such as smoking,
that are risk factors both for higher exposure to cadmium and for the adverse health
outcome. If this were the case in this instance, however, it would be expected that
the bivariate correlation (i.e. unadjusted) between blood cadmium concentration
and blood pressure would have been expected to be significant, and it was not.
Therefore, the author concluded that this study provides little evidence that
increased blood cadmium concentration is associated with higher blood pressure
(Telisman et al., 2001).
2.3.5

Diabetes

Data from the national health and nutrition examination (NHANES) III survey
in the United States was used to evaluate the hypothesis, supported by some
animal studies, that the risk of type II diabetes is increased by exposure to
cadmium. Cadmium was measured in spot urine samples. On the basis of fasting
plasma glucose (FPG) (8–24 h), 8722 subjects were classified as normal, having
impaired fasting glucose (IFG, or prediabetes, concentration of FPG of 110–
126 mg/dl), or diabetes (FPG >125 mg/dl or use of insulin or oral medication for
hypoglycaemia). In order to exclude individuals with type I diabetes, analyses were
restricted to individuals aged ≥40 years. Urinary cadmium was modeled both as a
continuous variable and as categories (0.0–0.99, 1–1.99, >1.99 mg/g creatinine),
and analyses were adjusted for age, race, sex, and body mass index. For both
IFG and diabetes, prevalence increased with increasing urinary cadmium in a
dose-dependent manner, after adjusting for age, sex, ethnicity, and body mass
index. For IFG, the odds ratios were 1.5 (95% CI, 1.2–1.8) and 2.1 (95% CI,
1.4–3.0) for the groups with urinary cadmium concentrations of 1–1.99 and >1.99
mg/g creatinine, respectively (p for trend, <0.0001). For diabetes, the odds ratios
were 1.2 (95% CI, 1.1–1.5) and 1.5 (95% CI, 1.1–2.0), respectively (p for trend,
<0.0001). Excluding individuals with renal disease did not appreciably affect the
results, and similar relationships were seen in smokers and in nonsmokers. The
authors concluded that these analyses suggest an increased risk of type II diabetes associated with exposure to cadmium; the association between urinary
cadmium and IFG among individuals without renal disease suggests that the
increased urinary cadmium was not the result of the development of diabetes but
rather preceded it. The present reviewer concluded that the cross-sectional design
of this study, and the modest increase in risk noted across urinary cadmium categories, indicates that caution should be used in drawing any causal inferences
(Schwartz et al., 2003).
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Cancer

The evidence that exposure to cadmium also increases the risk of pancreatic
cancer was examined by meta-analysis. Several lines of evidence support the
plausibility of this hypothesis: smoking, an important route of exposure to cadmium,
is associated with an increased risk of pancreatic cancer; pancreatic function is
reduced in patients with Itai-Itai disease; rates of pancreatic cancer are higher in
areas with high levels of industrial activity, production of rice or consumption of
seafood, and among workers in industries that involve exposure to cadmium (e.g.
production of pesticides, manufacture of paint and pigment, metal-working, soldering). The meta-analysis involved the calculation of standardized mortality ratios
(SMR) for death from pancreatic cancer in four cohorts of occupationally-exposed
workers. Owing to a lack of heterogeneity in SMRs in the separate cohorts, a
summary SMR was calculated: 166 (95% CI, 98–280; p = 0.059). In the four
cohorts (total n = 1769), a total of 14 deaths from pancreatic cancer occurred, compared to the 8.5 expected (Schwartz & Reis, 2000).
In a large case–control study nested within a large, population-based prospective study conducted in the United States, concentration of cadmium in toenails,
determined before the diagnosis of prostate cancer, was not significantly higher
among 119 patients with pathologically-confirmed prostate cancer, identified from
county and state cancer registries, than in 227 controls matched by age, race, date
of blood collection, and size of toenail clipping. Adjustments were made for education, height, current body mass index, body mass index at age 21 years, family
history of prostate cancer, smoking, and use of multivitamins. No trend was apparent in the odds ratio of prostate cancer across toenail-cadmium categories. Concentrations of toenail-cadmium were higher, although non-significantly, in patients
with extraprostatic prostate cancer or cancer of a high histological grade at diagnosis. Exposures to cadmium were generally low in this sample of the general population, with toenail-cadmium below the limit of detection in 65% of participants.
The authors concluded that at exposures to cadmium typically found for the
general population living in areas without substantial environmental exposures, the
incidence of prostate cancer is unrelated to body burden of cadmium (Platz et al.,
2002).
2.3.7

Reproductive toxicity

Maternal blood cadmium concentration is not highly correlated with blood
cadmium concentration in the newborn, but it is correlated with cord-blood
cadmium concentration, with correlation coefficients of 0.5–0.6 (Galicia-Garcia et
al., 1997; Salpietro et al., 2002). Limited evidence suggests that neonatal outcomes are related to indices of prenatal exposure to cadmium (maternal urinary
cadmium, maternal blood cadmium), such as reduced birth weight (Galicia-Garcia
et al., 1997; Salpietro et al., 2002; Nishijo et al., 2002), and reduced length of gestation (Nishijo et al., 2002). The fact that, in the study by Nishijo et al., urinary
cadmium was not significantly associated with infant height and weight after adjustment was made for gestational age suggested that fetuses with higher prenatal
exposures to cadmium were of appropriate gestational age for date, but tended to
be born earlier. In this study, conducted among women living in the Jinzu River
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basin in Toyama, the area in which Itai-Itai disease was most common, most
adverse fetal outcomes were no longer significantly associated with urinary
cadmium after adjustment was made for maternal age. Because the study area
was known to have been contaminated with cadmium over a long period, maternal age is likely to have been a marker for duration of exposure and thus for body
burden of cadmium. Thus, controlling for maternal age might represent overcontrol, and alternative analytical approaches, such as stratification, might have
been preferable.
2.3.8

Neurotoxicity

In a case–control study in 22 patients with sporadic motor neuron disease, and
20 controls (partners of the patients with sporadic motor neuron disease), concentrations of cadmium in whole blood or in erythrocytes did not differ significantly
between cases and controls, although plasma concentrations of cadmium were
significantly higher in cases than controls. The authors questioned the biological
significance of this difference because the distributions of plasma concentrations
of cadmium for cases and controls overlapped considerably, and only for two cases
of sporadic motor neuron disease were plasma concentrations of cadmium higher
than the highest values of the controls. While the authors discounted a simple
causal relationship between exposure to cadmium and sporadic motor neuron
disease, they cautioned that, because metals enter motor neurons selectively, a
defect that interferes with the intraneuronal handling of metals could result
in damage to motor neurons, and they identified the need to explore gene–
metal interactions that might contribute to interindividual variability in susceptibility (Pamphlett et al., 2001).
It was speculated that cadmium might contribute to the development of
multiple sclerosis on the grounds that increased cadmium causes increased
production of superoxide, which combines with nitric oxide to form peroxynitrite,
a free radical that damages myelin. The present reviewer noted that no
empirical evidence to support this hypothesis has been published (Johnson,
2000).
As part of a study of exposure to fluoride and rates of bone fracture among
1016 elderly Chinese people, the association between concentrations of cadmium
in water and cognitive function was evaluated, as assessed by the community
screening interview for dementia. Concentrations of cadmium in water were generally low (median, 0.25 mg/l; maximum, 0.49 mg/l). No association was observed
between concentrations of cadmium in water and cognitive function, either before
or after adjustment for age, sex, education, and presence of other metals. A significant interaction with zinc was seen: at low concentrations of cadmium in water,
a higher concentration of zinc was associated with better cognition, while at high
concentrations of cadmium in water, a higher concentration of zinc was associated
with worse cognition (Emsley et al., 2000).
The distribution of cadmium in the brains of 11 patients with Alzheimer disease,
6 patients with senile involutive cortical changes (SICC), and 10 normal controls
was compared: no significant differences were found. However, regional variations
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in the distribution of cadmium in the brains of the normal controls were more pronounced than in the brains of the patients with Alzheimer disease. For example,
in the controls, the concentration of cadmium in the thalamus was significantly
higher than in the medial temporal gyrus and the hippocampus. In the patients with
Alzheimer disease, the concentration of cadmium in the thalamus was significantly
greater than in the superior frontal gyrus, the superior parietal gyrus, the medial
temporal gyrus, and the hippocampus. In addition, in both normal controls and
patients with Alzheimer disease, the concentration of cadmium was significantly
positively correlated with the number of neurofibrillary tangles. The Committee concluded that these findings, based on a small number of observations, are difficult
to interpret, and do not provide a basis for drawing any inferences about the contribution of exposure to cadmium to development of Alzheimer disease (Panayi et
al., 2002).
Previous studies had suggested that concentrations of cadmium were lower in
the brains of patients with Alzheimer disease, particularly in the frontal lobes
(Spyrou & Stedman, 1996, 1999).
2.3.9

Mortality

Several studies have investigated the association between concentration of
cadmium in rice and mortality among the general population living in rural areas
of the Jinzu River basin in Japan. A follow-up survey was conducted on 2101 inhabitants (1566 men and 535 women), who participated in a health survey in 1967
and had resided in their present rural community since birth. Communities were
divided into two groups: those eating rice contaminated with cadmium at a concentration of <0.30 mg/kg or of ≥0.30 mg/kg. The association between concentration of cadmium in rice and mortality was expressed as SMRs and hazard ratio on
the basis of a Cox proportional hazards model. In both sexes, SMRs tended to be
greater in the group eating higher concentrations of cadmium in rice. Cox hazard
ratios for men and women eating rice contaminated with cadmium at a concentration of ≥0.30 mg/kg were 1.42 and 1.10, respectively (significant in males) (Ishihara et al., 2001).
The conclusion that mortality is increased in locations in which the concentrations of cadmium in household rice are higher than normal was affirmed in an additional follow-up study of people living in the Jinzu River basin (Kobayashi et al.,
2002b).
In the same target population, mortality (as expressed by SMRs) was analysed
with regard to the severity of renal dysfunction characterized as proteinuria, glucosuria or both. The authors concluded that mortality was increased among both
men and women living in the cadmium-polluted area in Jinzu River basin (Matsuda
et al., 2002).
A possible contribution of employment in agriculture or number of pregnancies/births to mortality in these areas was assessed by dividing the target population by three different river/water basins, i.e. Jinzu River, non-Jinzu River and
mixed water system. No association was found between these parameters and
mortality (Kobayashi et al., 2002c).
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The authors of these studies concluded that the development of renal damage
induced by exposure to cadmium is likely to be responsible for the increased mortality, because the mean concentration of cadmium in rice produced in each rural
community was closely related to the development of renal injury, in regions with
high concentrations of cadmium in rice. The overall conclusion from these studies
is that persons having an exceedingly high concentration of cadmium in the diet
have an unfavourable life prognosis, although the contributions of socioeconomic
factors, lifestyle factors, including smoking and drinking, and the presence of other
diseases, must be taken into account.
2.4

Dose–response relationships

The critical and most sensitive effect of long-term exposure to cadmium is renal
tubular dysfunction, manifested as low-molecular-mass proteinuria. Studies in
animals indicate that histological changes in the renal tubules occur at a dose lower
than that reported to produce low-molecular-mass proteinuria. An estimate of the
range of dietary exposures that result in a renal concentration of cadmium at which
a small, but significant fraction of an exposed human population will show lowmolecular-mass proteinuria was provided in the report of the fifty-fifth meeting of
the Committee (Annex 1, reference 149). This estimate, 260–480 mg/day, was
derived on the basis of certain critical assumptions: kidneys account for onequarter to one-third of the body burden of cadmium; 5% gastrointestinal bioavailability of cadmium; a specified critical concentration of cadmium in the renal cortex;
and a single-compartment, metabolic toxicokinetic model.
In the report of the fifty-fifth meeting of the Committee, a synthesis of data from
several studies of workers and of general populations exposed environmentally
was presented. A model was used to estimate the prevalence of cadmium-induced
tubular proteinuria that would be expected to occur in individuals with specific concentrations of urinary cadmium and cadmium intake. These estimates suggested
that the risk of tubular dysfunction begins to increase when the urinary excretion
of cadmium exceeds 2.5 mg/g of creatinine. It is clear that the concentrations of
cadmium in the diet and in urine are empirically related and that age is a significant determinant of the relationship. Estimates of dietary intake were derived from
data from Japan, the United States, and Sweden. The mean dietary intake of
cadmium by nonsmoking women in many areas of Japan was 25.5 mg/day (range,
19–51 mg/day), and the mean urinary excretion of cadmium was 4.4 mg/g of creatinine (range, 3.6–7.0 mg/g). These results indicate that the ratio of dietary intake
of cadmium to urinary excretion of cadmium is 6 (range, 3–15). Using an estimate
of the mean dietary intake of cadmium of 5.5 mg/day, from the United States total
diet study, and an estimate of the mean urinary excretion of cadmium of 0.5 mg/g
of creatinine, obtained (independently) from the United States NHANES survey,
results in a cadmium intake:excretion ratio of 11. The data from Sweden indicate
that for female nonsmokers, urinary excretion of cadmium is 0.15 mg/g creatinine,
and median dietary intake is 10 mg/day (range, 5.7–26 mg/day). The estimated ratio
of dietary cadmium intake to urinary excretion of cadmium ranges from 40 to 175.
The predictions used for this calculation were based on several key assumptions regarding values for excretion of creatinine, bioavailability and the amount of
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absorbed cadmium that was excreted in the urine. Furthermore, the variability in
ratios of intake to excretion may partly be caused by the age of each study population. The confidence intervals for the point estimates used are unknown and
therefore, as indicated previously (WHO, 2001), these values are associated with
considerable uncertainty and might overestimate the risks associated with dietary
intakes of cadmium.

3.

DIETARY INTAKE

3.1

Introduction

In humans, the major route of exposure to cadmium is via food, particularly in
the nonsmoking population (Syers & Gochfeld, 2001). The presence of cadmium
in food results from contamination of soil and water. Crops differ with respect to
absorption of cadmium, and cadmium is known to accumulate in the tissues (particularly in the liver and kidney) of terrestrial animals (particularly in the liver and
kidney) and aquatic animals (particularly detritus feeders, such as molluscs). For
these reasons, concentrations of cadmium in food vary widely between foods and
between geographic regions.
Information on the dietary intake of cadmium was previously reported as part
of the safety assessment conducted by the fifty-fifth meeting of the Committee
(Annex 1, reference 149). For that assessment, national data on concentration of
cadmium in foods and estimates of cadmium intake were summarized. Regional
average concentrations were calculated and regional estimates of cadmium intake
were calculated using the WHO Global Environment Monitoring System-Food Contamination Monitoring and Assessment Programme (GEMS/Food) regional diets
(WHO, 1998). Additional data on concentrations in foods and national estimates
of dietary intake of cadmium have become available since the assessment in 2000.
These new data are described and summarized below.
3.2

Sources and concentrations in foods

3.2.1

National estimates of concentration of cadmium in food

Since the previous evaluation by the Committee, additional data on concentrations of cadmium in foods became available for nine countries and for the
European Union. A summary of these data follows.
Australia
For the previous evaluation of cadmium by the Committee, the results of four
Australian total diet studies conducted between 1992 and 1998 were submitted by
the Food Standards Australia New Zealand (FSANZ). Results for about 120 foods
from all four studies were aggregated and the median concentrations for commodity groups were reported. Results of the 20th Australian total diet study conducted in 2000–2001 were recently published (Food Standards Australia New
Zealand, 2003). Although it was not possible to combine the most recent data with
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the aggregated data reported previously, the concentrations found in the
2000–2001 Australian total diet study were comparable to those reported previously to the Committee.
Croatia
In a study of common fresh fish and shellfish from various areas of the Adriatic Sea, a total of 61 samples of fish and shellfish were analysed for mercury,
lead, arsenic and cadmium. Concentrations of cadmium were 0.002–0.020 mg/kg
for finfish, 0.130 mg/kg for shellfish, and 0.142 mg/kg for mussels (Juresa &
Blanusa, 2003).
European Union
In a paper submitted to the Committee at it present meeting (J.C. LeBlanc,
submitted to JECFA for evaluation at its current meeting), dietary exposure to
cadmium was estimated for the European Union and for France. For estimating
intake for the European Union, data on concentrations of cadmium were mainly
those included in a report of the Scientific Cooperation (European Commission,
1996a, b). These values represent the best estimates of levels of contamination
in 13 Member States of the European Union. Mean levels of contamination were
reported for 10 groups of commodities: milk, milk products, fats and oils, cereals,
fruit, leafy vegetables, other vegetables, meat/meat products, offal, and fish/fish
products. Values ranged from 0.002 mg/kg for milk to 2.8 mg/kg for offal.
France
Mean concentrations of cadmium were reported for 12 food categories (J.C.
LeBlanc, submitted to JECFA for evaluation at its current meeting). These values
were based on official surveys conducted by the French government and on data
from the food industry. Average concentrations ranged from 0.005 mg/kg in
milk/milk products to 0.114 mg/kg in offal.
Greece
Samples of 93 different foods and beverages were collected in 2000 and
analysed for cadmium content (Karavoltsos et al., 2002). The highest concentrations of cadmium were found in snails (0.642 mg/kg) and mussels (0.130 mg/kg).
The results of this study indicate lower concentrations for all food categories than
those included in the previous evaluation by the Committee (Tsoumbaris &
Tsoukali-Papadopoulou, 1994).
Japan
The government of Japan submitted the results of a number of surveillance
studies conducted between 1997 and 2001. Analytical results for 41 903 samples
representing 11 major food groups were reported. Of these samples, 37 250 were
husked rice, for which the mean concentration of cadmium was 0.061 mg/kg.
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Shimbo et al. (2001) reported concentrations of cadmium in foods analysed in
1998–2000. In this study, a total of 4113 samples of rice, bread, noodles and wheat
flour were collected in 63 cities throughout Japan. Kikuchi et al. (2002) summarized results for 519 samples of more than 200 different foods and beverages commonly consumed in Japan.
These three sources of data were combined in order to estimate the average
concentration of cadmium in Japanese foods. Concentrations submitted by the
Japanese government were used where possible because of the large number of
samples analysed. For wheat and wheat products, concentrations from the three
sources were averaged because sample sizes were comparable. For other foods
not reported by the Japanese government, data from Kikuchi et al. were used.
Lithuania
Results of analyses of cadmium in 13 foods, performed in Lithuania in 1999,
were reported to the GEMS/Food contaminants database. Highest concentrations
were for roots and tubers (0.014 mg/kg).
Nigeria
Samples of beverages (Onianwa et al., 1999) and other types of foods
(Onianwa et al., 2000) were analysed for cadmium. In the latter study, single
samples of 78 foods were analysed in duplicate. Concentrations for many foods
were higher than those reported for most countries. The highest average concentration of cadmium (0.375 mg/kg) was estimated for dairy products.
Slovakia
Data on 147 different foods and beverages were submitted by Slovakia to the
GEMS/Food contaminants database. These data summarized the results for more
than 8500 samples analysed for cadmium in 2000–2001.
Spain
Samples of rice and wheat products were collected in Madrid in 1997 for analysis of heavy metals (Cuadrado et al., 2000). Average concentrations of cadmium
ranged from 0.003 mg/kg in rice to 0.05 mg/kg in pasta. In another study conducted
in 2000, 108 samples of foods were collected in seven cities in Catalonia and
analysed for arsenic, cadmium, mercury and lead (Llobet et al., 2003). Concentrations of cadmium ranged from 0.002 mg/kg in milk to 0.036 mg/kg in fish and
seafood.
3.2.2

Regional average concentrations of cadmium in food

For the previous evaluation by the Committee, aggregated data on typical
(mean or median) concentrations in foods reported for each country were grouped
by commodity and by geographic region, paralleling the five GEMS/Food regional
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diets. For the current evaluation, new data were combined with data reported previously, and the average concentrations were recalculated for each of the five
GEMS/Food regions. In many cases, the regional average concentrations are
derived from data for a limited number of countries and for small sample sizes,
thus they may not be representative of the region as a whole. Additional uncertainty in the calculation of regional average concentrations is introduced by combining aggregated data that may have been derived from dissimilar groupings of
foods (e.g. all vegetables combined, rather than separating leafy and root vegetables) and food forms (raw and processed). As in the previous assessment, averages were not weighted for sample size, since that information was not always
available.
The updated regional average concentrations are presented in Table 4. On the
basis of the number of countries and commodities for which data were available
and the total number of samples represented, data for the European region were
the most robust. Other regions were more limited in terms of the number of countries represented, the number of commodities reported, and the total number of
samples analysed.
Middle Eastern region
Data on concentrations of cadmium in foods were available only from two
studies conducted in Greece, one of which was reported in the previous evaluation. In general, average concentrations reported in the more recent study were
lower than those reported previously. The highest concentrations of cadmium were
found in molluscs.
Far Eastern region
Average concentrations of cadmium in foods in the Far Eastern region are
based on data from Japan and China. Of particular note are those data reported
recently by the Japanese government (approximately 42 000 samples in all, of
which 37 250 were rice). Average concentrations were highest for molluscs, cattle
liver and kidney, and horsemeat.
African region
In the previous evaluation, no data were reported for countries in the African
region. For the current assessment, data were available for Nigeria; however, only
a single sample of each of 78 different foods was analysed. Owing to the limited
amount of data available for this region, average concentrations for the European
region were used for estimating dietary intakes.
Latin American region
For both the previous and current assessments, no data were available on concentrations of cadmium in foods for countries in the Latin American region.
Regional averages for Europe were used as surrogate data for estimating dietary
intakes.

Table 4. Average concentration of cadmium in foods, by GEMS/Food region
Commodity

Concentration of cadmium in regional dieta, mg/kg (number of samplesb)
Middle
Easternc

Far Eastern

Africand

Latin
American

European

Cereals
Rice
Wheat
Cereal—other

0.006 (10)
0.034 (53)
0.002 (8)

0.070 (37 250)
0.030 (410)
0.023 (74)

0.060 (1)
0.153 (3)
0.075 (2)

—
—
—

0.010 (108)
0.026 (752)
0.016 (769)

Roots and tubers

0.022 (12)

0.015 (460)

0.103 (4)

—

0.025 (448)

Pulses
Soya bean
Pulses—other

—
0.004 (27)

0.041 (508)
0.019 (17)

0.200 (1)
0.140 (1)

—
—

0.021 (29)
0.019 (150)

Sugars and honey

—

0.003 (14)

0.015 (2)

—

0.004 (123)

Nuts and oilseeds
Groundnuts—shelled
Sunflower seed
Oilseeds—other

—
—
—

—
—
0.021 (22)

0.370 (1)
—
0.100 (1)

—
—
—

0.050 (86)
0.220
0.119 (88)

Vegetable oils and fats
Oil of soya beans
Oil of sunflower seed
Vegetable oils—other

—
—
0.002 (8)

—
—
0.001 (24)

—
—
0.127 (3)

—
—
—

0.005 (2)
0.027 (14)
0.002 (77)

Stimulants
Cocoa beans
Stimulants—other

—
—

—
0.017 (94)

—
0.160 (3)

—
—

0.107 (303)
0.006 (242)

Spices

—

0.005 (14)

0.191 (7)

—

0.055 (361)

Vegetables
Leafy vegetables
Mushrooms
Vegetables—other

0.054 (29)
0.003 (9)
0.024 (143)

0.025 (706)
0.037 (9)
0.020 (1817)

0.155 (4)
—
0.343 (6)

—
—
—

0.034 (9721)
0.029 (34)
0.013 (8858)

0.250 (35)

0.204 (313)

0.105 (2)

—

0.637 (278)

—
0.034 (40)

0.213 (3)
0.035 (125)

—
0.207 (3)

—
—

0.962 (11)
0.014 (2721)

Eggs

0.001 (8)

0.003 (33)

0.500 (1)

—

0.003 (206)

Fruits

0.009 (118)

0.006 (393)

0.067 (11)

—

0.004 (9576)

Milk and milk products
Milks
Milk products

0.001 (25)
0.004 (32)

0.004 (52)
0.004 (74)

0.006 (1)
0.375 (2)

—
—

0.001 (1573)
0.005 (2699)

Fish and seafood
Molluscs excluding
Cephalopods, fresh
Molluscs, canned
Fish and other seafood
—other

Meat and offals
Cattle, kidney
Cattle liver
Horsemeat
Edible offals/cattle,
pigs, sheep
Offal, horse
Poultry meat
Poultry, edible offal of
Poultry, fats/skin
Meats—other

—
0.085 (8)
—

0.157
0.219 (3)
0.626

0.090 (1)
0.090 (1)
—

—
—
—

0.488 (2113)
0.106 (2111)
0.180 (6)

0.016 (8)
—
0.013 (18)
—
—
0.027 (88)

0.016
—
0.005
0.018
0.009
0.006

—
—
0.110 (2)
—
—
0.083 (3)

—
—
—
—
—
—

0.241
25.63
0.002
0.054
0.003
0.006

Animal oils and fats

0.003 (7)

0.001 (4)

—

—

0.002 (2)

a
b
c
d

(3)
(6)
(3)
(15)

Values for regional concentrations are the averages of aggregated data (means/medians)
Total number of samples represented by all aggregated means/medians where available
Averages for the Middle Eastern region are based on data from Greece only
Averages for the African region are based on data from Nigeria only

(9281)
(665)
(778)
(2047)
(7)
(2923)
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European region
The European region represents European countries as well as other countries with similar dietary patterns (Australia, Canada, New Zealand, and the United
States). The highest concentrations of cadmium were seen in molluscs and offal.
Particularly high values were reported for horse offal; average concentrations for
this commodity were calculated separately from other offal to avoid overestimating the mean concentration in offal as a whole.
3.3

Assessment of intake

3.3.1

Intake estimates based on GEMS/Food regional diets

Intakes of cadmium were estimated for each of the five GEMS/Food regions
by multiplying the updated regional average concentrations in a commodity by the
amount consumed of the commodity as specified in the GEMS/Food regional diets.
As in the previous assessment, if no data on concentrations were available on specific commodities in a region, surrogate data on similar foods within that region
were used when estimating dietary intakes. In the absence of data on similar foods,
the average concentrations in foods for Europe were used. Intakes from all commodities were summed to estimate the total intake of cadmium, by region. Updated
estimates of intake for each of the five regions are summarized in Table 5.
Total intakes ranged from 0.378 mg/kg bw per day for the Latin American region to
0.617 mg/kg bw per day for the Far Eastern region. These estimates are similar to
those reported by the Committee in its previous evaluation (0.352 to 0.632 mg/kg
bw per day).
Estimates of total intake of cadmium were also considered relative to the
current PTWI of 7 mg/kg bw per day. Estimated regional intakes were converted
from a per capita basis to a body-weight basis by dividing the total intake by standard body weights (55 kg for the Far Eastern region and 60 kg for the other
regions). The current PTWI was divided by seven to derive a tolerable daily intake
(1 mg/kg bw per day). Total intake of cadmium expressed as a percentage of the
daily tolerable intake ranged from approximately 40% for the Middle Eastern region
to approximately 60% for the Far Eastern region (Table 6).
The Committee also reviewed the contributions of specific commodities to the
provisional tolerable intake of cadmium (Table 7); several commodities were noteworthy in this regard. Rice contributed approximately 40% of the tolerable intake
of cadmium in the Far Eastern region. Wheat contributed approximately 20% of
the tolerable intake in the Middle Eastern region. In the African and European
regions, starchy roots and tubers contributed approximately 10% of the tolerable
intake. Vegetables (excluding leafy vegetables) contributed more than 5% of the
tolerable intake in the Middle Eastern and European regions. Molluscs contributed
approximately 10% of the tolerable intake in the European region.
3.3.2

National estimates of intake

Since the previous assessment by the Committee, estimates of dietary intake
of cadmium have been reported for the European Union, France, Japan, and
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Table 5. Estimates of dietary intake of cadmium, by GEMS/Food region (mg/kg
bw per day)
Commodity

GEMS/Food regiona
Middle
Eastern

Far
Easternd

Africanb

Latin
Americanc

European

0.005
0.188
0.002
0.194

0.356
0.062
0.024
0.442

0.018
0.012
0.049
0.213

0.015
0.050
0.013
0.078

0.002
0.076
0.010
0.088

0.023

0.030

0.132

0.065

0.099

Pulses
Soybeans
Pulses—other
Total pulses

0.002
0.001
0.003

0.002
0.006
0.008

0.000
0.005
0.005

0.000
0.007
0.007

0.000
0.004
0.004

Cereals
Rice
Wheat
Cereal—other
Total cereals
Total starchy roots and
tubers

Sugar and honey

0.007

0.002

0.003

0.008

0.008

Nuts and oilseeds
Groundnuts shelled
Sunflower seed
Oilseeds—other
Total nuts/oilseeds

0.000
0.004
0.023
0.027

0.000
0.000
0.014
0.014

0.002
0.002
0.062
0.066

0.000
0.000
0.113
0.114

0.002
0.000
0.053
0.056

Vegetable oils and fats
Oil of soya beans
Oil of sunflower seed
Vegetable oils—other
Total vegetable oils/fats

0.000
0.004
0.001
0.006

0.000
0.000
0.000
0.000

0.000
0.000
0.001
0.002

0.001
0.000
0.000
0.002

0.000
0.004
0.001
0.005

Stimulants
Cocoa beans
Stimulants—other
Total stimulants

0.001
0.001
0.002

0.000
0.000
0.000

0.000
0.000
0.000

0.002
0.000
0.003

0.006
0.001
0.007

Total spices

0.005

0.000

0.002

0.000

0.000

Vegetables
Leafy vegetables
Mushrooms
Vegetables—other
Total vegetables

0.007
0.000
0.091
0.098

0.004
0.000
0.064
0.068

0.000
0.000
0.017
0.017

0.009
0.000
0.029
0.038

0.029
0.002
0.068
0.099

0.000

0.015

0.005

0.010

0.088

0.000
0.007
0.007

0.000
0.020
0.034

0.000
0.009
0.014

0.000
0.011
0.020

0.013
0.009
0.110

Total eggs

0.000

0.001

0.000

0.000

0.002

Total fruits

0.030

0.010

0.007

0.020

0.015

Milk and milk products
Milks
Milk products
Total milk/products

0.002
0.001
0.003

0.002
0.000
0.002

0.001
0.000
0.004

0.004
0.001
0.004

0.007
0.004
0.011

Fish and seafood
Molluscs excluding
cephalopods, fresh
Molluscs, canned
Fish and seafood—other
Total fish/seafood
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Table 5. (contd)
Commodity

Meat and offals
Cattle, kidney
Cattle liver
Horsemeat
Edible offals/ cattle,
pigs, sheep
Poultry meat
Poultry, edible offal of
Poultry, fats
Poultry skin
Meats—other
Total meat and offals

GEMS/Food regiona
Middle
Eastern

Far
Easternd

Africanb

Latin
Americanc

European

0.000
0.000
0.000
0.001

0.000
0.000
0.000
0.000

0.000
0.000
0.001
0.005

0.001
0.000
0.000
0.012

0.001
0.001
0.002
0.024

0.007
0.000
0.000
0.000
0.015
0.023

0.001
0.000
0.000
0.000
0.003
0.005

0.000
0.000
0.000
0.000
0.002
0.009

0.001
0.001
0.000
0.000
0.004
0.019

0.002
0.001
0.000
0.000
0.013
0.045

Total animal oils/fats

0.000

0.000

0.000

0.000

0.000

Total intake

0.428

0.617

0.473

0.378

0.548

a

b

c

d

Intakes are based on average concentrations of cadmium by GEMS/Food region (see
Table 4). Regarding commodities for which cadmium concentration data were not
available, European regional averages were used to calculate intake
Intakes for the African region are based on European average concentrations for all
commodities; sample sizes for African regional data were insufficient
Intakes for the Latin American region are based on European average concentrations for
all commodities; no data were available from Latin American countries
A body weight of 55 kg was used for estimating the intakes for the Far Eastern region; all
other regional intakes are based on a body weight of 60 kg

Spain. The more recent estimates of intake are described below. All national intake
estimates are summarized in Table 8.
Australia
Intakes of cadmium were calculated from concentrations of contaminants as
determined in the 2000–2001 Australian total diet study and estimates of consumption from the 1995 national nutrition survey (Food Standards Australia New
Zealand, 2003). Dietary intakes of cadmium were reported for six population
groups as a range of lower to upper bound estimates, which were based on two
average concentrations of cadmium (assuming values of zero and the limit of
detection for samples in which cadmium was not detected). At the lower bound,
intakes ranged from from 0.07 mg/kg bw per day for adults to 0.18 mg/kg bw
per day for children aged 2 years. The estimates are similar to those reported for
Australia in the previous evaluation by the Committee.

a

cereals
starchy roots and tubers
pulses
sugars and honey
nuts and oilseeds
vegetable oils and fats
stimulants
spices
vegetables
fish and seafood
eggs
fruits
milk and milk products
meat and offals
animal oils and fats
intake

0.194
0.023
0.003
0.007
0.027
0.006
0.002
0.005
0.098
0.007
0.000
0.030
0.003
0.023
0.000
0.428

20
2
<1
1
3
1
<1
<1
10
1
<1
3
<1
2
<1
40

0.442
0.030
0.008
0.002
0.014
0.000
0.000
0.000
0.068
0.034
0.001
0.010
0.002
0.005
0.000
0.617

Intake
(mg/kg bw
per day)

Intake
(mg/kg bw
per day)

% of
PTDI

Far Eastern

Middle Eastern

GEMS/Food region

40
3
1
<1
1
<1
<1
<1
7
4
<1
1
<1
<1
<1
60

% of
PTDI

0.213
0.132
0.005
0.003
0.066
0.002
0.000
0.002
0.017
0.015
0.000
0.007
0.004
0.009
0.000
0.472

Intake
(mg/kg bw
per day)

African

20
10
<1
<1
7
<1
<1
<1
2
2
<1
1
<1
1
<1
50

% of
PTDI

0.078
0.065
0.007
0.008
0.114
0.002
0.003
0.000
0.038
0.020
0.000
0.020
0.004
0.019
0.000
0.378

Intake
(mg/kg bw
per day)
8
6
1
1
11
<1
<1
<1
4
2
<1
2
<1
2
<1
40

% of
PTDI

Latin American

Provisional tolerable daily intake (PTDI) was calculated from provisional tolerable weekly intake (PTWI)

Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Commodity

0.088
0.099
0.004
0.008
0.056
0.005
0.007
0.000
0.099
0.124
0.002
0.015
0.011
0.045
0.000
0.548

Intake
(mg/kg bw
per day)

European

9
10
<1
1
6
<1
1
<1
10
10
<1
2
1
4
<1
50

% of
PTDI

Table 6. Intake and approximate contribution of major commodity groups to provisional tolerable daily intake, by GEMS/Food
regiona
CADMIUM
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a

0.005
0.188
0.023
0.007
0.091
<0.001

<1
20
2
1
9
<1

0.356
0.062
0.030
0.004
0.064
0.015

Intake
(mg/kg bw
per day)

Intake
(mg/kg bw
per day)

% of
PTDI

Far Eastern

Middle Eastern

GEMS/Food region

40
6
3
<1
6
2

% of
PTDI

0.018
0.012
0.132
<0.001
0.017
0.005

Intake
(mg/kg bw
per day)

African

2
1
10
<1
2
<1

% of
PTDI

0.015
0.050
0.065
0.009
0.029
0.008

Intake
(mg/kg bw
per day)
2
5
6
1
3
1

% of
PTDI

Latin American

0.002
0.076
0.099
0.029
0.068
0.101

Intake
(mg/kg bw
per day)

European

<1
8
10
3
7
10

% of
PTDI

Provisional tolerable daily intake (PTDI) of 1 mg/kg bw per day was calculated from provisional tolerable weekly intake (PTWI) of 7 mg/kg bw per
week

Rice
Wheat
Starchy Root/tubers
Leafy vegetables
Vegetables, other
Molluscs

Commodity

Table 7. Intake and approximate contribution to provisional tolerable daily intakea for specific commodities, by GEMS/Food
region
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0.28
0.16
0.22
0.18
0.19
0.16
0.74
0.94
0.33
0.36
0.31
0.33–0.40
0.31–0.38

National consumption survey
Not specified
Household consumption survey
Total diet study
National consumption survey

Total diet study

Not specified
National consumption survey
Duplicate diet study

National consumption survey

Denmark
Finland
France
Germany

Greece

Italy
Japan

Netherlands

0.22
0.21–0.51
0.13
0.26

0.39

0.15
0.1

Average dietary
intake of cadmium
(mg/kg bw per day)

Total diet study

Disappearance
National nutrition survey/total
diet study
Household purchases, 24-h
records, FAO food balance
sheets
Total diet study
Total diet studies

Type of consumption data/intake
study

Czech Republic

Canada
China

Belgium

Reported previously
Austria
Australia

Country

Table 8. National estimates of dietary intake of cadmium

Adult males
Adult females
Males aged 16–70 years
Females aged 16–70 years

Males
Females

Adult males
Adult females

Population groupa

Kreis et al. (1992)

Tsoumbaris & TsoukaliPapadopoulou (1994)
European Commission (1996b)
European Commission (1996b)
Watanabe et al. (1992)

Dabeka & McKenzie (1995)
Yang et al. (1994); Chen & Gao
(1993, 1997a, b)
National Institute of Public Health
Prague (1996)
European Commission (1996b)
European Commission (1996b)
European Commission (1996b)
Mueller et al. (1998)
European Commission (1996b)

European Commission (1996b)

European Commission (1996b)
Submitted by FSANZ

Reference/source

CADMIUM
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Not specified
National consumption survey,
household budget survey
Not specified
Not specified

Total diet study
National consumption survey
Total diet study

Norway
Portugal

United Kingdom

Recent estimates
Australia

United States

Total diet study, 2000–2001

Total diet study

New Zealand

Spain
Sweden

Type of consumption data/intake
study

Country

Table 8. (contd)

(ND = 0/ND = LOD)
0.08–0.24
0.07–0.22
0.11–0.29
0.09–0.22
0.18–0.57
0.13–0.68

0.30
0.12
0.13
0.17
0.20
0.14–0.15
0.13–0.14

0.40 / 0.24
0.33 / 0.19
0.33 / 0.16
0.24 / 0.24
(including/
excluding
oysters)
0.14
0.26

Average dietary
intake of cadmium
(mg/kg bw per day)

Males aged 25–34 years
Females aged 25–34 years
Males aged 12 years
Females aged 12 years
Children aged 2 years
Infants aged 9 months

Adult males
Adult females

Males
Females

Young males
Adult males
Females
Female vegetarians

Population groupa

Food Standards Australia New
Zealand (2003)

NAb
NA
United States Food & Drug
Administration

European Commission (1996b)
European Commission (1996b)

European Commission (1996b)
European Commission (1996b)

Vanoort et al. (2000)

Reference/source
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Adult males
Adult females

Population groupa

NA, Not available
ND, Non-detects (analyte not detected in sample, therefore value of zero or limit of detection was assigned)
LOD, limit of detection
a
Assume total population unless otherwise specified
b
Reference not available

0.52
0.26
0.20

Japan
Spain (Catalonia)

Total diet studies, 1997–2001
Total diet study

0.38

France

Average dietary
intake of cadmium
(mg/kg bw per day)
0.86

Type of consumption data/intake
study

European Union

Country

Table 8. (contd)

J.C. LeBlanc, submitted to
JECFA for evaluation at its
current meeting
J.C. LeBlanc, submitted to
JECFA for evaluation at its
current meeting
Submitted by Japan
Llobet et al. (2003)

Reference/source

CADMIUM
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European Union
Intake estimates for the European Union were derived from data representing
its Member States. Food consumption in each country as reported for SCOOP task
4.1 (European Commission, 1996a) was supplemented with information from the
GEMS/Food regional diets (J.C. LeBlanc, submitted to JECFA for evaluation at its
current meeting). For concentrations of cadmium, those reported by the European
Commission (1996b) were considered to be the best estimates in 13 Member
States of the European Union. Average intake of cadmium was estimated to be
0.86 mg/kg bw per day for the European Union as a whole.
France
Intakes of cadmium were estimated from the contamination data described
above and from data on national food consumption collected in 1993–1994 (Association Sucre/Produits Sucrés, Communication, Consommation (ASPCC); JeanLuc Volatier, 1994, personal communication). Risk analysis software1 was used to
model the probability distribution of intake (J.C. LeBlanc, submitted to JECFA for
evaluation at its current meeting).
Japan
The government of Japan provided estimates of intake of cadmium from the
Japanese total diet studies conducted between 1981 and 2001. Average intake
over the five-year period of 1997–2001 was 0.52 mg/kg bw per day (assuming a
body weight of 60 kg).
Spain
Llobet et al. (2003) reported intakes of cadmium as determined by the total diet
study conducted in Catalonia in 2000. Daily intakes were estimated to be 0.020
and 0.026 mg/kg bw per day for adult men and women, respectively.
Overall, national estimates of intake of cadmium ranged from 0.1 to 0.9 mg/kg
bw per day (0.7 to 6.3 mg/kg bw per week). These estimates are similar to those
calculated from GEMS/Food regional diets and regional average concentrations
(0.4–0.6 mg/kg bw per day). Most of the intakes reported in this evaluation are
based on average intakes by the population as a whole or by adults. Australia is
the only country for which intakes by children were reported. For infants aged 9
months, intakes were estimated to be between 0.13 and 0.68 mg/kg bw per day at
the lower and upper bounds, respectively. For children aged 2 years, a similar
range of intakes was reported (0.18–0.57 mg/kg bw per day).

1

@RISK, Version 4.5 (2000), Palisade Corporation, Newfield, NY, USA.
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3.3.3
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High intakes of cadmium

The intake estimates presented above reflect average intakes, using estimates
of average food consumption and average concentration of cadmium. Data
reported for France also took into account estimates at the upper percentiles of
intake for the population as a whole (Table 9).
Although the intakes reported by GEMS/Food region (Tables 5 and 6) and by
individual countries (Table 8) are estimates of average intake, intakes by high consumers can be approximated from these values. In general, total food consumption at the upper percentiles is approximately twice the mean (WHO, 1985), and
high consumption of individual commodities is approximately three times the mean.
Based on the range of average intakes reported by GEMS/Food region (0.4–
0.6 mg/kg bw per day or 2.8–4.2 mg/kg bw per week) and by individual countries
(0.1–0.9 mg/kg bw per day or 0.7–6.3 mg/kg bw per week), it is possible that for
some individuals intake of cadmium may exceed the PTWI of 7 mg/kg bw.
3.4

Effects of processing on concentrations of cadmium in foods

Results of studies of processing of rice, wheat and soya beans were submitted by Japan. A study of the effects of cooking on concentrations of cadmium in
rice was also carried out. A study of changes in the cadmium content of rice during
the polishing process showed that the concentration of cadmium decreased only
slightly during milling. Six samples of polished rice were prepared from each of six
varieties of brown rice, using a commercial-scale rice mill. The cadmium content
of the samples of brown rice ranged from 0.016 to 0.121 mg/kg. The cadmium
content of polished rice was reduced by only 3%, regardless of the concentration
in the unprocessed samples. Another study measured the effects of cooking
(including washing and soaking in water) on the cadmium content of rice. Only
slight decreases (average, 5%) in the cadmium content were shown to occur after
cooking. In another study on the effect of milling on wheat, the cadmium content
of flours was about half that of wheat grain. Concentrations of cadmium in bran
were about twice that in wheat grain. In studies of processed soya bean products,
concentrations of cadmium in tofu, miso, and soya sauce were about 65%, 80%
and 50%, respectively, that of unprocessed soya beans.2

2

Annex 3-1; Moriyama, T., Shindo, K., Taguchi, Y., Watanabe, H., Yasui, A. & Teruo JOH,
T. (2003), Changes in the cadmium content of rice during the milling process (in
Japanese), The Journal of the Food Hygienic Society of Japan, 41, 145–149.
Annex 3-3; Moriyama, T., Taguchi, Y., Watanabe, H. & Joh, T. (2002) Changes in the
cadmium content of wheat during the milling process (in Japanese). In: Report on Risk
Evaluation of Cadmium in Food, Research on Environmental Health, Health Sciences
Research Program, Ministry of Health, Labour and Welfare, pp. 153–162.
Annex 3-2 and Annex 3-4; Shindo, K. & Yasui, A. (2002) The Changes in cadmium
content during cooking and processing (in Japanese). In: Report on Risk Evaluation of
Cadmium in Food, Research on Environmental Health, Health Sciences Research
Program, Ministry of Health, Labour and Welfare, pp. 163–169.

32.9

8.1

23.2 (1902)

49.3 (309)

26.6 (760)

16.1 (98)
5.3 (1391)

Cereals & cereals
products
Leafy vegetables

Other vegetables

Fruits
Milk & milk products

3.6

8.3

1.3

114.2 (750)

31.2 (676)

80 (276)

3.3 (181)

36.4 (26)

—

Meat

Cocoa & cocoa
products
Fruit juices

Spices & grass

Total intake

42.5

0.6

2.3

14.1

10.3

8.5

4.7
17.1

10.9
6.1

15.8

9.3

13.9

SD

211.0

1.1

5.5

31.8

31.8

20.6

13.5
41.6

30.9
20.8

59.8

26.6

58.6

95th
percentile

0.07

0.36

0.20

0.16

0.09
0.33

0.23
0.26

0.35

0.16

0.38

2.65

1.3

0.005 0.011

0.03

0.19

0.28

0.07

0.09
0.14

0.24
0.23

0.59

0.14

0.65

Mean SD

5.5

0.021

0.13

0.81

0.62

0.40

0.26
0.73

0.63
0.71

1.27

0.48

1.42

95th
percentile

100.0%

0.2

1.1

7.3

10.6

2.6

3.3
5.3

9.1
8.5

22.2

5.3

24.5

Relative
contribution
of the
category

Intake of cadmium
(mg/week per kg bw)

2.1

4.2

4.3

4.3

2.2

5.7

2.9
5.2

2.6
3.1

2.2

3.4

2.2

P95/M

SD, standard deviation; P95/M, the ratio between the 95th percentile and the mean of the distribution
a
Number of samples in parentheses
b
Consumption based on Nutritional survey ASPCC, CRÉDOC Observatoire des Consommations Alimentaires, 1999

134.6

0.3

14.8

4.7
7.9

26.5 (68)
104 (144)

Fish
Molluscs &
crustaceans
Offals

12.5
9.7

30.6

Mean

Consumption of
cadmiumb (mg per week
per person)

Mean
concentration
of cadmium
in fooda
(mg/kg)

Food category

Table 9. Estimated intake of cadmium by the total population in France

Ministry of Economy
DGCCRF, 1990/1995
Ministry of Economy
DGCCRF 1990/1995
Ministry of Economy
DGCCRF 1990/1995
Ministry of Health DGS 1995
Ministry of Agriculture
DGAL 1993/1998
Ministry of Health DGS 1995
Ministry of Agriculture
DGAL 1993/1998
Ministry of Agriculture
DGAL 1993/1998
Ministry of Agriculture
DGAL 1993/1998
Ministry of Economy
DGCCRF 1990/1995
Ministry of Economy
DGCCRF 1990/1995
Ministry of Economy
DGCCRF 1990/1995

Source of data on intake
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4.

COMMENTS

4.1

Observations in animals

553

In the animal species tested, the oral bioavailability of cadmium ranged from
0.5 to 3.0%, on average. Experimental studies also identified various factors that
can significantly influence the extent of absorption and retention of cadmium from
the diet, including sex, developmental stage, and nutritional status. Low dietary
concentrations of protein and of essential minerals such as zinc, calcium, copper,
and iron have been shown to promote the absorption of cadmium, while, in contrast, high or adequate dietary concentrations reduce absorption and retention.
After absorption, cadmium is distributed mainly to the liver, with subsequent redistribution to the kidney in conjugated forms such as cadmium–metallothionein and
cadmium–albumin.
Long-term oral exposure to cadmium resulted in a variety of progressive
histopathological changes in the kidney, including proximal tubule epithelial cell
damage, interstitial fibrosis, and glomerular basal cell damage with limited tubular
cell regeneration. Biochemical indications of renal damage were seen in the form
of low molecular mass proteinuria, glucosuria and aminoaciduria. Tubular dysfunction also caused the urinary excretion of cadmium to increase. Decreases in
bone calcium concentrations and increased urinary excretion of calcium have also
been associated with exposure to cadmium. Cadmium induced the malignant
transformation of animal and human cells in vitro.
Investigations into the ability of cadmium compounds to induce developmental effects in experimental animals have shown that decreased fetal weight, skeletal malformations and increased fetal mortality are common findings, usually in
combination with indices of maternal toxicity. However, developmental neurobehavioural effects, including decreased locomotor and exploratory activity and
certain electrophysiological changes, have been seen in the absence of any
overt symptoms of maternal toxicity and appear to be a more sensitive indicator
of toxicity.
A variety of effects on the immune system have been observed in experimental animals exposed to cadmium, including increased virus-induced mortality in
mice co-exposed to non-lethal doses of cadmium and RNA viruses.
4.2

Observations in humans

A number of new epidemiological studies published since the fifty-fifth meeting
have evaluated the relationship between exposure to cadmium and various health
effects, particularly renal dysfunction, mortality, and calcium/bone metabolism.
Cadmium accumulates in the kidney and, because of its long half-life in
humans, steady-state concentrations in the renal cortex are reached only after
about 40 years.
Recent studies conducted in Japan, Europe, China, and the United States have
attempted to refine estimates of the dose–effect/dose–response relationship
between environmental exposure to cadmium and renal dysfunction. In a Swedish
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study (the OSCAR study) involving >1000 individuals aged 16–80 years, an
increase of nearly three-fold in the prevalence of tubular proteinuria was observed
in the group with urinary cadmium concentrations of 0.5–1 mg/g creatinine, compared to the group with a urinary cadmium concentration of <0.3 mg/g creatinine.
Above a urinary cadmium concentration of 5 mg/g creatinine, the prevalence of
tubular proteinuria was increased five fold. Two studies of populations with low
concentrations of urinary cadmium (mean concentrations of 0.23 mg/g creatinine
and 0.26 mg/g creatinine) found associations between markers of early kidney
damage and urinary cadmium concentration. However, the findings of these two
studies were inconsistent; although urinary b2-microglobulin and NAG were measured as indices of tubular dysfunction in both studies, in one study, only b2microglobulin was associated with urinary cadmium concentration while in the
other study, only NAG was associated with urinary cadmium concentration. In an
environmental study, the prevalence of end-stage renal disease was found to be
significantly, although modestly, related to the extent of environmental exposure to
cadmium, as determined by area of residence. However, individual biomarkers of
exposure were not measured in this study. In aggregate, the new data are consistent with the hypothesis that low-level environmental exposure to cadmium is
associated with an increased prevalence of renal proximal tubular dysfunction, as
assessed by biomarkers.
The epidemiological studies conducted in regions of Japan where levels of
environmental cadmium vary identified several issues that complicate the interpretation of studies of renal function and low environmental exposure to cadmium.
In some studies, a crude association between urinary cadmium and a biomarker
of effect disappeared after adjusting for age. Simple adjustment for creatinine might
be misleading if comparisons involve people differing in physique, physical activity, sex, age, and race. The appropriate concentrations of urinary biomarkers to
use as cut-off values for identifying tubular proteinuria might also vary depending
upon physiological or disease conditions. Finally, the long-term health implications
of the changes in renal function observed at low concentrations of urinary cadmium
are uncertain.
It is well-established that cadmium-induced low molecular mass proteinuria can
progress to an acquired Fanconi syndrome (the continuous loss of calcium and
phosphorus into urine) and/or the disturbance of vitamin D metabolism in the
damaged kidneys. The latter may eventually progress to Itai-Itai disease, characterized by osteomalacia.
Some recent reports suggest that environmental exposure to cadmium, even
at low concentrations, might alter calcium metabolism in bone tissue independently of renal effects, and might increase the risk of osteoporosis and bone
demineralization. According to the results of the OSCAR study, the age- and sexadjusted risk of having a reduced bone mineral density was increased two-fold
among individuals with blood-cadmium concentrations of 0.6–1.1 mg/l and threefold among individuals with blood-cadmium concentrations >1.1 mg/l. This association was corroborated by the results of two earlier studies, one in Belgium and
one in Japan, although bone mineral density was correlated with age and body
weight, and only weakly with urinary cadmium concentration. Two studies in Japan,
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one in which environmental exposure to cadmium was moderate and one in which
it was high, showed no correlation between exposure to cadmium and bone
mineral density or calcium excretion, after adjustment for age, body mass index,
and menstrual status. The excretion of calcium was not correlated with exposure
to cadmium, but with deterioration of renal tubular function, which was due mainly
to ageing.
Bone metabolism is influenced by many factors, including age, estrogen status,
physique, physical activity, nutritional status, ethnic group, and environmental
factors such as sunlight. None of the studies adjusted for possible confounding by
all of these factors. These studies were therefore considered by the Committee to
be preliminary.
The Committee reviewed additional studies of the associations between exposure to cadmium and other non-renal health effects, including diabetes, hypertension, carcinogenicity, reproductive outcomes, and neurotoxicity. The Committee
found the results of these studies to be too preliminary to serve as the basis for
its evaluation. The Committee took note, however, of a study that indicated that
the prevalence of type 2 diabetes was significantly increased at urinary cadmium
concentrations exceeding 1 mg/g creatinine among individuals without evidence of
renal disease. Further work is needed to clarify the contribution of exposure to
cadmium to this disease.
4.3

Estimated dietary intake

At its fifty-fifth meeting, the Committee evaluated the dietary intake of cadmium
using data from a number of countries. At its present meeting, the Committee
updated its review by adding new information from Australia, Croatia, France,
Greece, Japan, Lithuania, Nigeria, Slovakia, Spain, and the European Union. The
combined data showed that concentrations of cadmium range from about
0.01–0.05 mg/kg in most foods, although higher concentrations were found in nuts
and oil seeds, molluscs, and offal (especially liver and kidney). Estimates of the
mean national intake of cadmium ranged from 0.7–6.3 mg/kg bw per week. Mean
dietary intakes derived from GEMS/Food regional diets (average per capita food
consumption based on food balance sheets) and average concentrations of
cadmium in these regions range from 2.8–4.2 mg/kg bw per week. These estimates
constitute approximately 40–60% of the current PTWI of 7 mg/kg bw. For some individuals, the total intake of cadmium might exceed the PTWI because total food
consumption for high consumers is estimated to be about twice the mean. Regarding the major dietary sources of cadmium, the following foods contributed 10% or
more to the PTWI in at least one of the GEMS/Food regions: rice, wheat, starchy
roots/tubers, and molluscs. Vegetables (excluding leafy vegetables) contribute
>5% to the PTWI in two regions.

5.

EVALUATION

The Committee considered an extensive amount of new information, particularly from a series of Japanese environmental epidemiological studies, that
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addressed issues identified as research needs at its fifty-fifth meeting. The
Committee reaffirmed its conclusion that renal tubular dysfunction is the critical
health outcome with regard to the toxicity of cadmium. Although the sensitive biomarkers used by some recent studies conducted in Japan, Europe and the USA
indicated that changes in renal function and bone/calcium metabolism are
observed at urinary cadmium concentrations of <2.5 mg/g creatinine, the Committee noted that appreciable uncertainty remains regarding the long-term health significance of these changes. In addition, the Committee noted inconsistencies
between studies regarding the specific biomarkers of renal function that were most
commonly associated with urinary cadmium concentrations. Although recent
studies suggested that increased concentrations of cadmium biomarkers are associated with health effects such as diabetes, hypertension, pancreatic cancer, fetal
growth, and neurotoxicity, the Committee concluded that these data were not, at
this time, sufficiently robust to serve as a basis for the evaluation. The Committee
reaffirmed its conclusion that an excess prevalence of renal tubular dysfunction
would not be expected to occur if urinary cadmium concentration remains <2.5
mg/g creatinine, even under a range of plausible assumptions about the relationship between the amount of bioavailable cadmium in the diet and the urinary excretion of cadmium. Uncertainty remains about how these assumptions affect the
predicted excess prevalence of renal tubular dysfunction at concentrations of
urinary cadmium of >2.5 mg/g creatinine. The Committee concluded that the new
data which became available since its fifty-fifth meeting do not provide a sufficient
basis for revising the PTWI, and therefore maintained the current PTWI of 7 mg/kg
body weight. No excess prevalence of renal tubular dysfunction would be predicted
to occur at the current PTWI under the most appropriate assumptions about the
fractional bioavailability of cadmium and the percentage of the absorbed cadmium
that is excreted in urine. The Committee noted that two issues being considered
by the Joint FAO/WHO Project to Update the Principles and Methods for the Risk
Assessment of Chemicals in Food were of particular relevance to the present evaluation: the dose–response assessment of biomarkers of effect and their relationship to disease outcome, and the possible specification of longer tolerable intake
periods (e.g. PTMI) for contaminants with longer biological half-lives. The Committee recommended that the evaluation of cadmium should be revisited when this
project has been completed.

6.
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EXPLANATION

Methylmercury was evaluated by the Committee at its sixteenth, twentysecond, thirty-third and fifty-third meetings (Annex 1, references 30, 47, 83, 144).
At the last meeting, the Committee reaffirmed the previously established provisional tolerable weekly intake (PTWI) of 200 mg of methylmercury (3.3 mg/kg bw)
for the general population, but noted that fetuses and infants might be more sensitive than adults to its toxic effects. The Committee concluded that data from
studies undertaken in the Seychelles and the Faroe Islands, which were evaluated
at its fifty-third meeting, did not provide consistent evidence concerning neurodevelopmental effects in children of women whose methylmercury intakes had
resulted in burdens of mercury in hair of 20 mg/kg and below. Adverse effects on
neurodevelopment were reported in the study in the Faroe Islands, but not in that
in the Seychelles; however, different methods for assessing neurobehavioural
effects had been used in the two cohorts. The Committee recommended that
methylmercury be re-evaluated at a subsequent meeting when the results of
the analysis of neurodevelopmental effects in the Seychelles cohort after 8 years
and other relevant data had become available. The Committee noted that fish
make an important nutritional contribution to the diet, especially in certain regions,
and recommended that nutritional benefits be weighed against the possibility of
adverse effects when limits were being considered for concentrations of
methylmercury in fish or for fish consumption, nutritional benefits should be
weighed against the possibility of adverse effects. Studies published since the fiftythird meeting were considered at the present meeting.

2.

BIOLOGICAL DATA

2.1

Biochemical aspects

2.1.1

Absorption, distribution and excretion

Details regarding the absorption and distribution of methylmercury in various
species of experimental animals have been provided previously (Annex 1, refer-
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ence 144). Briefly, methylmercury is effectively absorbed from the gastrointestinal
tract and readily crosses both the blood–brain barrier and the placenta.
(a)

Transfer from mother to offspring
Transport across the placenta

Methylmercury passes readily through the placenta to the fetus, with concentrations in the fetal blood and brain being generally greater than the corresponding maternal concentrations at parturition.
The distribution of methylmercury during early neurogenesis was examined in
groups of two or three pregnant Sprague-Dawley rats that were treated subcutaneously with methylmercury hydroxide at doses of 5–22 mg/kg bw on day 11 of
gestation. The animals were sacrificed on day 12, 13, or 14 of gestation. Total
mercury reached maximum concentrations in most tissues/organs (including the
embryo) within 48 h after dosing, except for the maternal blood and kidney, in which
concentrations peaked by 24 h after dosing and then declined over the next 2 days.
Concentrations in embryonic brain and body were similar on day 14 of gestation,
indicating that there had been no functional impairment of transfer by the fetal
blood–brain barrier. At 5 mg/kg bw, partitioning coefficients for mercury were generally similar to those found in previously-reviewed toxicokinetic studies at later
gestational times. Concentrations of total and inorganic mercury in the embryo did
not increase when the administered dose of mercury was >12 mg/kg bw. However,
concentrations of inorganic mercury in the placenta did increase super-linearly with
dose, indicating the possible presence of a sink preventing exposure of the
embryo. In maternal liver, total mercury increased as inorganic mercury decreased
with dose administered (Lewandowski et al., 2002).
Lactation
The transport of methylmercury from blood to milk is less efficient than transport across the blood–brain and blood–placenta barriers. Exposure of offspring to
methylmercury via lactation is lower than exposure in utero, with rodent milk : blood
ratios usually being 0.03–0.2 (Annex 1, reference 144).
Female Long-Evans rats were given drinking-water containing methylmercury
chloride at a concentration of 0, 0.5 or 6 mg/l, 28 or 49 days before mating and
during gestation and lactation until postnatal day 16. The duration of dosing prior
to mating had no effect on concentrations of mercury in brain or blood of the offspring. Measurements at birth and at weaning showed brain : blood ratios of 0.14
and 0.24, respectively. Concentrations of total mercury in blood and brain showed
a linear relationship to cumulative exposure only after exposure was terminated
after weaning. Exposure via lactation was minimal; brain concentrations decreased
by 10–20-fold between birth and weaning (Newland & Reile, 1999).
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(b)

Clearance

Mercury is predominantly cleared in faeces and, to a lesser extent, in urine. In
rat offspring, clearance is slow and increases with time as the ability to excrete
bile develops, usually by 2–4 weeks after birth.
Groups of five or six male Wistar rats given boiled whale blubber in a single
oral dose of 2 g/kg bw, equivalent to a dose of total mercury of 3.96 mg/kg bw
(methylmercury, 0.047 mg/kg bw), excreted almost 95% of the administered dose
in faeces and <0.05% in urine within 72 h after dosing. The maximum concentration of mercury in kidney was approximately 0.18 mg/g compared with only
0.07 mg/g in liver. Most of the mercury in liver was thought to exist as insoluble
mercury selenide, with the pattern of absorption and distribution being similar to
that of inorganic mercury (Endo et al., 2003).
(c)

Pharmacokinetics

Groups of 10 female B6C3F1/HSD mice were given drinking-water containing
methylmercury chloride at a concentration of 0, 1 or 3 mg/l, 4 weeks before mating
(with CBA/J HSD males) and during mating and gestation. Offspring were exposed
to the same doses as the mothers from birth until postnatal day 13 (perinatal
groups), or for 26 months (lifetime groups). Concentrations of total mercury in
blood and brain decreased substantially between birth (postnatal day 4) and
weaning (postnatal day 21), and to a greater degree in the perinatal groups, owing
to the diminished importance of lactation as a source of exposure and to the higher
body weights of the pups. The ratio of total mercury in brain : blood at both doses
in the perinatal groups averaged 1.64 at birth and 1.54 at weaning. Brain : blood
ratios at both doses in the lifetime groups remained comparable at weaning and
at 26 months, averaging 0.63. Between 14 and 26 months, concentrations of
mercury in both blood and brain increased substantially in the group exposed to
the higher dose. In the group exposed to the lower dose, concentrations of mercury
in the blood remained constant while those in the brain increased slightly. The
authors concluded that these results suggest a possible toxicokinetic interaction
between ageing and level of exposure (Stern et al., 2001).
Young et al. (2001) developed a physiologically-based pharmacokinetics model
for methylmercury, incorporating pharmacokinetic data from 12 animal species
(mouse, hamster, rat, guinea-pig, cat, rabbit, monkey, sheep, pig, goat, cow, and
human). The resulting model for humans was consistent with those for animals
and was supported by data from human autopsies, with regard to fate and distribution of mercury and methylmercury. The model predicts high concentrations of
inorganic mercury in the kidneys after the elimination of methylmercury from the
blood.
2.1.2

Effects on enzymes and other biochemical parameters
(a)

Cleavage of the carbon–mercury bond

Of the organic mercury chemicals (methyl, dimethyl, phenyl, mercuric acetate),
methylmercury is considered to be chemically the most stable. Bacterial demethy-
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lation of methylmercury can take place in the intestinal tract, and involves the generation of both enzymatic and reactive oxygen species, resulting in decreased
absorption of methylmercury (National Academy of Sciences/National Research
Council, 2000).
The reaction by which methylmercury is demethylated was investigated using
several reactive oxygen modulators in a model using rat liver slices in vitro. The
rate of conversion of methylmercury to inorganic mercury in vitro is similar to experiments in rats in vivo, indicating that the model is suitable for reproducing the biotransformation of methylmercury. Results with various reagents suggest that the
demethylation of methylmercury may be aided by superoxide anions produced by
the electron transfer system in the inner mitochondrial membrane (Yasutake &
Hirayama, 2001).
(b)

Complexes with thiol radicals

Methylmercury forms complexes with thiol ligands, including glutathione and
L-cysteine, facilitating its extracellular transport and ability to bind to intracellular
proteins, targeting sulfhydryl enzymes. Complexing with L-cysteine increases the
concentration of methylmercury in brain, liver, and kidney while a decrease in renal
g-glutamyl transpeptidase activity results in a decrease in renal methylmercury and
increased urinary excretion.
(c)

Interaction with selenium

Any potential effect of selenium on the toxicity and tissue deposition of
methylmercury depends on dose, chemical form, and route of administration
(National Academy of Sciences/National Research Council, 2000). Under certain
experimental conditions, the simultaneous administration of equal doses of selenium and methylmercury is known to result in decreased toxicity of both compounds. The possible mechanisms for the protective role of selenium may involve
the formation of a mercury–selenium complex (Agency for Toxic Substances and
Disease Registry, 1999).
ICR mice were fed diets containing selenium at a low (<0.02 ppm), marginal
(0.05 ppm) or adequate (0.4 ppm) concentration for 4 weeks before breeding, and
subsequently were given methylmercury at a dose of 5 mg/kg bw on day 12 of gestation, or 3 mg/kg bw on days 12–14 of gestation. Decreased dietary selenium, both
alone and in combination with treatment with methylmercury, caused a decrease
in the activity of glutathione peroxidase in the neonatal brain at postnatal day 3. A
reduction in glutathione peroxidase activity in the brain has been associated with
deficits in neurobehavioural function (retarded development of walking ability,
greater preference for warmer environments in a thermogrid) (Watanabe & Satoh,
1994). Neurobehavioural outcomes (reflex and motor development) were most
affected in the group given the diet that was deficient in selenium together with the
highest total dose of mercury (three doses of 3 mg/kg bw or 9 mg/kg bw total) of
methylmercury (Watanabe et al., 1999b).
In a study with a similar experimental design (but no diets deficient in selenium), there was a decrease in the activity of 5¢-iodothyronine deiodinase (5¢-DI)
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and an increase in the activity of 5-iodothyronine deiodinase (5-DI) selenoenzymes
in the fetal brain at the high dose, while there was an increase in the activity of 5DI in the placenta at both high and low doses. The activity of glutathione peroxidase was inhibited in fetal brain and placenta, but not in maternal brain. Dietary
intake of selenium did not influence concentrations of methylmercury in fetal brain
or placenta, indicating that the effect of mercury on these selenoenzymes could
not be explained by a reduction in the availability of selenium (Watanabe et al.,
1999a).
Offspring from groups of 10 female Sprague-Dawley rats, who had been maintained on a diet supplemented with sodium selenite at a concentration of 1.3 mg/kg
for 8 weeks before breeding and then treated by gavage with methylmercury at a
dose of 0, 2 or 6 mg/kg bw on days 6–9 of gestation, were assessed for behavioural effects at age 2 months. At postnatal day 2, the pups whose mothers had
been maintained on a diet containing sodium selenite had increased concentrations of blood mercury (1.4 and 2.8-fold at 2 and 6 mg/kg bw, respectively) compared with controls, but no increase in brain mercury (Fredriksson et al., 1993).
Partial attenuation by selenite was seen in the behavioural alterations induced in
the group receiving the highest dose of methylmercury. Although the selenium
found in foods appears to have a protective effect in experimental animals, no
association has been confirmed in humans (National Academy of Sciences/
National Research Council, 2000).
2.2

Toxicological studies

2.2.1

Acute toxicity

The LD50 of methylmercury in rodents treated orally is usually 10–40 mg/kg bw.
Methylmercury is also considered to be corrosive at high doses (Annex 1,
reference 144).
Alterations in various serum and urine biochemical parameters within 72 h after
dosing were observed in male rats given mercury as a single oral dose (total
mercury, 3.96 mg/kg bw; methylmercury, 0.047 mg/kg bw) in boiled whale blubber.
The activity of serum lactate dehydrogenase was increased two-fold and
there were significant increases in urinary volume, activity of N-acetyl-b-Dglucosaminidase and albumin compared with the control group, which received
total mercury in a single dose of 0.4 mg/kg bw (Endo et al., 2003).
2.2.2

Long-term studies of toxicity and carcinogenicity

Long-term exposure to methylmercury has induced renal tumours in mice, but
only at doses at which significant nephropathy was also evident. No significant
increase in any tumour type, including renal tumours, has been reported in rats
(Annex 1, reference 144).
2.2.3

Reproductive toxicity

In mice and rats, methylmercury induces abortions, increases resorption and
malformations, and reduces offspring viability.
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(a)

Single-generation studies
Mice

Groups of six pregnant CD-1 mice were given a single intraperitoneal dose of
methylmercury chloride of either 0 or 10 mg/kg bw on day 9 of gestation, and litters
were examined for teratological effects on day 17 of gestation. Co-exposure to
methylmercury chloride and PK11195 (4 mg/kg), a ligand for the mitochondrial
peripheral-type benzodiazepine receptor, reduced the overall incidence of fetal
malformation by approximately 2.5-fold (47.0% versus 19.2%, respectively)
(O’Hara et al., 2002). In embryos collected from dams 3 h after treatment with
methylmercury chloride at 5 mg/kg bw on day 9 of gestation, expression of mitochondrial 16S rRNA was decreased approximately three-fold compared with controls, while co-treatment with PK11195 (4 mg/kg) prevented any decrease.
Rats
Groups of three to four male Wistar rats received methylmercury chloride by subcutaneous injection at a dose of 0 or 10 mg/kg bw per day for 8 days, and were sacrificed 3, 6, 9 or 14 days after the first dose. Sperm production was suppressed (by
27%), testicular (by 28%) and prostatic lobe weights (by 52–65%) were decreased,
and plasma testosterone was reduced (by 13–29%) compared with control animals.
The development of spermatocytes and spermatids was affected at stages VII–VIII
and IX–XI, respectively. Loss of spermatids was reported to occur at stages I and
XII–XIV. Methylmercury impaired spermatogenesis as a result of germ cell deletion
via cell- and stage-specific apoptosis (Homma-Takeda et al., 2001).
(b)

Developmental toxicity
(i)

In vitro

A 2 h exposure of primary cultures of chick forebrain neurons to methylmercury
at a sublethal concentration of 0.25 or 0.5 mmol/l (62.7 or 125.5 mg/l) inhibited
axonal morphogenesis in vitro. A similar treatment with methylmercury at 1.0 mmol/l
(251 mg/l) resulted in substantial cell death by day 3, while treatment with 0.1 mmol/l
(25.1 mg/l) had little effect on axonal morphogenesis. This effect was thought to be
associated with the developmental neurotoxicity of methylmercury (Heidemann
et al., 2001).
The effect of methylmercury on the proliferation of neuroepithelial cells was
studied in primary rat embryo cells of the central nervous sytem. At a concentration of 1–6 mmol/l (0.25–1.51 mg/l), methylmercury affected signalling pathways
involved in regulation of the cell cycle, contributing to reduced cell proliferation and
cell death. The authors suggested that inhibition of cell cycle progression might be
linked to the neuronal hypoplasia observed in vivo after exposure to methylmercury during gestation and the enhanced susceptibility to methylmercury of the fetus
relative to that of the adult (Faustman et al., 2002).
Prolonged exposure (6 days) to nanomolar concentrations of methylmercury
(0.1–30 nmol/l or 0.025–7.53 mg/l) impaired cationic channel function in differenti-
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ating pheochromocytoma cells. The lack of morphological changes suggests that
ion channels are sensitive targets for neurotoxicity caused by methylmercury
(Shafer et al., 2002).
Developing cortical neurons from rat pups (aged 4 weeks) treated in utero and
during lactation with methylmercury at a maternal dose of 0.375 mg/kg bw per day,
from mating to end of lactation, were found by microelectrophysiological assessment to be more excitable in vitro (Vilagi et al., 2000).
Methylmercury can facilitate the formation of reactive oxygen species and has
been shown to decrease intracellular concentrations of glutathione. Adequate
uptake of cysteine is essential for maintaining proper intracellular concentrations
of glutathione. Methylmercury at a concentration of 5 or 10 mmol/l (1.25 or 2.51
mg/l) inhibited cortical uptake of cysteine in vitro via inhibition of specific cysteine
transport systems in astrocytes isolated from newborn Sprague-Dawley rats, but
no effect was seen in hippocampal neurons (Shanker et al., 2001).
(ii)

In utero

Groups of 8–11 pregnant mice of each of three strains (BALB/c, C57BL/6J,
C57BL/6Cr) received methylmercury chloride at a dose of 3 mg/kg bw per day by
gavage on days 12–14 of gestation. Strain-specific neurobehavioural changes
were investigated in male offspring only. In comparison to their respective controls,
BALB/c and C57BL/6Cr mice, but not C57BL/6J, showed decreased open-field
activity. BALB/c mice also showed a change in emotional status in open field activity and a disturbance in nocturnal rhythm of spontaneous activity in the home cage.
In the Morris water maze, prolonged latency in locating a submerged platform was
observed in strains C57BL/6J and C57BL/6Cr, but not in BALB/c (Kim et al.,
2000b).
Methylmercury chloride was administered by gavage to groups of 10 pregnant
female CD1 mice in a single dose of 12.5 mg/kg bw on day 10 of gestation and the
animals were sacrificed on day 18 of gestation. Maternal toxicity was not significant. Fetuses examined for malformations on day 18 of gestation showed cleft
palate and decreased fetal weight. Other groups received binary and tertiary mixtures of lead and arsenic. At the doses tested (lead nitrate, 25 mg/kg bw; sodium
arsenite, 6.0 mg/kg bw), the interactive effects of lead and arsenic on developmental toxicity induced by methylmercury were not greater than additive (Belles
et al., 2002).
Groups of 20 pregnant Sprague-Dawley rats were given methylmercury chloride in a single oral dose of 0 or 8 mg/kg bw on day 8 of gestation. Mothers were
asymptomatic, while the offspring showed deficits in learning and memory (passive
avoidance, object recognition, water maze) on day 60. Methylmercury also caused
altered gene expression of N-methyl-D-aspartate (NMDA) receptors in the hippocampus (Baraldi et al., 2002). In the same experiment, the hippocampus of offspring at postnatal days 21 and 60 showed an increase in tryptophan, while
concentrations of anthranilic acid were reduced, and concentrations of quinolinic
acid were increased at postnatal day 21 but not at postnatal day 60. The authors
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suggest that methylmercury-induced changes in the kynurenine pathway could
contribute to alterations in brain development (Zanoli et al., 2001).
Groups of five pregnant Wistar rats were given methylmercury chloride in a
single oral dose of 20 mg/kg bw on day 11, 13, 16, or 21 of gestation. One hour
later, 5-bromo-2-deoxyuridine (BrDU) was given intraperitoneally at a dose of 20
mg/kg. The offspring had no symptoms of neurological impairment (observations
not stated). At postnatal day 21, the central nervous system of offspring exposed
during the neurogenesis (days 16–21 of gestation) showed that labelled cells were
abnormally located in cortical layers II–IV when compared with the normal insideout pattern of neuronal migration. The cells from day 16 of gestation appeared to
have over-migrated while the cells from day 21 of gestation appeared to have
ceased migration before reaching their normal position. Abnormal cell migration
was not observed on days 11 or 13 of gestation. No cytoarchitectural abnormalities were apparent. The authors concluded that the results indicate a disruption
in neuronal migration caused by the administration of methylmercury during the
neurogenic period (Kakita et al., 2002).
Groups of six female Wistar rats were given methylmercury chloride at an oral
dose of 0, 1, 2, or 3 mg/kg bw per day for 5 days, and 0, 1 or 2 mg/kg bw per day
for 12 days before pregnancy, and up to day 19 of gestation (total periods of exposure, 24 or 31 days). Body-weight gain was decreased, and unsteadyness and
flexion of hindlimbs appeared on days 15 and 16 of gestation in the group receiving the highest dose for 24 days. A slight decrease in body-weight gain and slow
movement were reported in the group receiving the highest dose for 31 days. On
day 22 of gestation, fetal brains showed neuronal degeneration in the brain stem,
cingulate cortex, thalamus, and the cerebral basal area, including the hypothalamus. From dams monitored after parturition, only offspring from the group receiving a dose of 1 mg/kg bw per day for 24 days survived to postnatal day 3 and
developed, albeit with mild lesions of the brain. The distribution of brain lesions in
rats exposed in utero was different from those in rats exposed postnatally and in
adulthood (Kakita et al., 2000a).
Groups of six female Wistar rats were given methylmercury chloride by gavage
at a dose of 1 mg/kg bw per day for 5 days before mating, and during days 1–19
of gestation. On postnatal day 2, offspring from treated dams were cross-fostered
with untreated females who had delivered litters on the same day. On postnatal
days 1 and 3, degenerative neurons were observed in the brain stem and limbic
system, including hippocampus and amygdala, of the offspring. On postnatal days
7 and 14, degenerative neurons were indiscernible but reactive astrocytosis
remained in the brain stem. By postnatal days 70 and 180, brains appeared
normal; however, at age 6 months, rats showed a learning disability in the passive
avoidance response. Also, fewer neurons were present in the hippocampus and
amygdala (Kakita et al., 2000b).
Fourteen offspring of female rats exposed to drinking-water containing
methylmercury chloride during mating, gestation, and lactation (0 or 0.375 mg/kg
bw per day) were tested for the maintenance and spread of induced (3-aminopyridine) epileptiform activity. Seizure duration was increased in offspring at age 3
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months, while epileptic discharges were reduced in pups at age 1 month (28 days)
(Szasz et al., 2000).
Leptomeningeal glioneurol heteropia (LGH), a developmental malformation of
the brain was induced experimentally for the first time in the offspring of pregnant
Wistar rats treated orally with methylmercury chloride at a dose of with 20 mg/kg
bw on day 8, 11, 13, 16, 18, or 21 of gestation. The brains of offspring were examined on postnatal day 7 and 28. LGH was almost exclusively restricted to rats
treated on day 13 of gestation, at the early stage of neurogenesis. The authors
noted that LGH has been reported in Iraqi children exposed to methylmercury
during the second and third months of gestation, as a result of maternal consumption of bread and cereals treated with a fungicide containing alkyl-mercury
(Kakita et al., 2001).
Groups of three offspring of female squirrel monkeys with blood methylmercury concentrations of 0.7–0.9 mg/l showed reduced sensitivity to changes in the
source of reinforcement, indicating learning impairment at age 5–6 years. Maternal dosing (by gavage) to obtain the required blood mercury concentration was
initiated between weeks 11–14.5 of gestation, while offspring were removed
from their mothers at birth to prevent lacational transfer (Newland et al., 1994).
(iii)

Exposure in utero and postnatal exposure

Rats
Groups of seven to nine pregnant Long-Evans rats were given drinking-water
containing methylmercury at a concentration of 0, 0.5 mg/l (equivalent to
40–50 mg/kg bw per day) or 6.4 mg/l (equivalent to 500–700 mg/kg bw per day) for
4 or 7 weeks before mating, and up to postnatal day 16. Brain concentrations of
mercury in offspring of rats receiving low and high doses were 0.5 and 9.1 mg/g at
birth and 0.04 and 0.52 mg/g at weaning, respectively. The F1 adults were trained
to respond under differential reinforcement of high rate (DRH) 9 : 4 extinction
schedule of food reinforcement (DRH 9 : 4; 9 responses within 4 s delivers the food
reinforcement). Behaviour was monitored until rats were aged >912 days. All rats
displayed increases in delayed responses with age. While most control animals
showed a 50% decline in the reinforcement rate by age 950 days, rats receiving
the lower and higher doses reached this level of decline at about age 800 and 500
days, respectively. Birth weight and rates of growth and survival were normal
(Newland & Rasmussen, 2000).
In the same experiment, various drugs (d-amphetamine, 0.3–10 mg/kg bw;
scopolamine, 0.1–3.0 mg/kg bw; pentobarbital, 1–20 mg/kg bw; haloperidol,
0.03–1.00 mg/kg bw; and dizocilpine, 0.01–0.30 mg/kg bw) were administered to
females aged 13–15 months, for 7 months. The groups receiving methylmercury
at a dose of 0.5 or 6.4 mg/kg were sensitive to behavioural disruption by amphetamine under the DRH 9 : 4 schedule, while the group receiving 6.4 mg/kg was
relatively insensitive to pentobarbital. No interaction between methylmercury and
the other drugs was noted. The results suggested an involvement of catecholaminergic activity and g-aminobutyric acid (GABA) systems in neurotoxicity
caused by methylmercury (Rasmussen & Newland, 2001).
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Groups of 10 female Wistar rats were given a diet containing methylmercury
at a concentration of 5 mg/kg (approximately equivalent to 0.32 mg/kg bw) before
mating and during gestation and lactation. Offspring were provided with the same
diet after weaning. All offspring matured, normal body-weight gain included, without
physical signs of poisoning. Blood and brain mercury concentrations in the
newborn were 33 and 4.5 ng/g, respectively, and approximately 1.5-fold higher than
those of their mothers. Exposure through lactation was less than during gestation.
Eight offspring at age 5 and 6 weeks showed a significant deficit in motor coordination in the rotarod test and a learning disability in the test for passive avoidance
response. Histopathological abnormalities (focal cerebellar dysplasia and heterotopic location of Purkinje and granule cells) were observed (Sakamoto et al., 2002).
Groups of eight pregnant rats were fed a diet containing a normal (20%) or low
(3.5%) percentage of protein during gestation and lactation. Weaned pups were
given the same diets as their mothers and given methylmercury chloride by gavage
at a daily dose of 0 or 7.5 mg/kg bw for 10 days, starting on postnatal day 21 or
60. Offspring (both weanings and young adults) treated with methylmercury on the
low-protein diet developed hind-limb crossing earlier and more severely than rats
on a diet containing sufficient protein. For example, 100% of rat pups on the lowprotein diet exhibited hind-limb crossing 1 day after the last dose of methylmercury compared with 5 days for the pups fed the diet containing sufficient protein.
Rats fed the low-protein diet accumulated more mercury in different brain regions.
The rate of protein synthesis in liver, kidney and various brain regions was reduced
in animals exposed to methylmercury and receiving either a normal or a low-protein
diet, although the reduction was greater in the latter group (Chakrabarti & Bai,
2000).
(iv)

Exposure after parturition

Rats
Groups of five Sprague-Dawley rat pups received a subcutaneous dose of
methylmercury chloride of 0 or 7 mg/kg bw per day on alternate days from postnatal day 3 to 13 (six doses) and were killed on postnatal day 15, 30, or 60. Compared with controls, body weights were decreased by 20% in the rats treated with
methylmercury at postnatal day 15 and 30, but were normal at postnatal day 60.
No additional signs of toxicity were observed. Neural cell adhesion molecule
(NCAM) protein expression in cerebellar homogenates was elevated on postnatal
day 30 but returned to control levels by postnatal day 60, while Golgi sialyltransferase activity was reduced on postnatal day 15 but not at later times. The precise
temporal and spatial expression of NCAM is considered necessary for normal brain
morphogenesis (Dey et al., 1999).
In the same experiment, cerebellar Golgi fractions obtained from untreated
animals at postnatal day 15, 30, and 60 were incubated in vitro with methylmercury at a concentration of 0, 1, 2.5, or 7.5 mg/l for 2 h. While NCAM sialyltransferase activity decreases naturally as the developmental age of the rat increases,
increasing concentrations of methylmercury further depressed sialyltransferase
activity in fractions from postnatal day 15, but not later time-points. The authors
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concluded that alterations in expression of NCAM molecules during brain development might contribute to neurotoxicity caused by methylmercury (Dey et al.,
1999).
The involvement of NMDA receptors in neurotoxicity caused by methylmercury
was investigated in groups of seven Wistar rats, aged 2, 16, or 60 days, that were
given condensed milk containing methylmercury at an oral dose of 0 or 10 mg/kg
bw per day for 7 days and sacrificed 4 days after the last dose. The most severe
neuronal degeneration was observed in the occipital cortex on postnatal day 16.
Co-exposure to methylmercury and MK-801 (0.1 mg/kg), a non-competitive antagonist of NMDA, resulted in substantially less neuronal damage. Treatment of rats
with methylmercury on postnatal day 16 resulted in an accumulation of nitrotyrosine in the occipital cortex brain region compared with controls (not detected);
co-treatment with MK-801 significantly reduced the amount detected. Generation
of oxygen radicals through stimulation of NMDA receptors may be an important
factor in neurotoxicity caused by methylmercury in developing cortical neurons
(Miyamoto et al., 2001).
Non-human primates
Five macaque monkeys were given methylmercury at an oral dose of
0.05 mg/kg bw per day from birth to age 7 years and were examined for visual function at age 3–4 and 20 years. Blood concentrations peaked at 1.2 to 1.4 mg/l and
declined after weaning from infant formula to 0.7 to 1.0 mg/l. Two monkeys exhibited a slight constriction of visual fields at age 18–20 years, an effect that was not
present at age 3–4 years. A treatment-related decline in spatial contrast sensitivity was observed in one monkey during young adulthood but not in middle age.
There was a lack of evidence for a combined treatment-age-related decrement in
visual function (Rice & Hayward, 1999).
2.2.4

Special studies
(a)

Neurotoxicity

Typical symptoms of methylmercury-induced neurotoxicity in rodents include
degenerative nerve changes (peripheral and central), ataxia, coordination disorders and decreases in motor activity.
Mice
Groups of 10 mice were given methylmercury chloride at a concentration of
40 mg/g of diet, with or without melatonin at a concentration of 20 mg/ml in drinking-water, for 5 weeks. Greater numbers of animals treated with methylmercury
alone showed signs of neurotoxicity (abnormal righting reflex, staggering gait,
fallen posture) and a higher rate of mortality after 35 days of treatment than the
group receiving methylmercury plus melatonin. It was suggested that the antioxidative capacity of melatonin reduces the toxicity of methylmercury (Kim et al.,
2000a).
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Groups of eight adult male mice (strain not specified) were treated orally with
methylmercury at a dose of 0, 0.2, 2, or 10 mg/kg bw per day for 7 days. All doses
caused elevation of the hearing threshold. All mice receiving the highest dose died.
Eleven weeks after treatment, hearing loss persisted in the group receiving a dose
of 2 mg/kg bw, while effects were reversed in the group receiving the lowest dose.
Results also showed an increase in the production of nitric oxide and significant
inhibition of the activity of Na+/K+-ATPase within the brainstem, indicating a possible pathway for the altered brainstem response induced by exposure to methylmercury (Chuu et al., 2001a).
Rats
Methylmercury, with and without various drugs affecting dopamine uptake, was
applied locally in the striatum of female Sprague-Dawley rats in order to investigate the mechanism of dopamine release. A dose of methylmercury of 400 mmol/l
(a 60 min perfusion at 2 ml/min) induced the extracellular release of dopamine
via a mechanism described as transporter-dependent but calcium- and vesicularindependent (Faro et al., 2002).
Groups of adult male Sprague-Dawley rats were given methylmercury intraperitoneally at a dose of 0 or 2 mg/kg bw per day for 13 days. Treatment with
methylmercury significantly decreased body weight and produced hypoactivity.
Treated rats also showed an impaired active-avoidance response immediately and
33 weeks after treatment. Na+/K+-ATPase activity in the cerebral cortex was significantly inhibited immediately and 8 weeks after treatment (Chuu et al., 2001b).
Groups of six to eight adult female Wistar rats were given a solution of
methylmercury at 0, 10 or 100 mmol/l through a microdialysis probe in the frontal
cortex of awake animals at a perfusion rate of 2 ml/min for 90 min. The perfusion
caused significant elevations in concentrations of extracellular glutamate (Juarez
et al., 2002).
Non-human primates
Neurotoxicological effects induced by methylmercury in non-human primates
resemble those seen in humans and support the concept that the developing fetus
is more sensitive than adults. Typical effects involve neurological, sensory and
motor functions with no-observed-adverse-effect levels/lowest-observed adverseeffect levels (NOAELs/LOAELs) in the range of 10–50 mg/kg bw per day (Annex 1,
reference 144; National Academy of Sciences/National Research Council, 2000).
Groups of two adult male marmosets were given drinking-water containing
methylmercury at a concentration of 0 or 5 mg/ml for 24–90 days. An additional
group was treated for 21 days and then maintained for 2.5 years without exposure. By day 70–90 of treatment (blood mercury concentration, 8–10 mg/ml), the
animals showed physical signs of intoxication (weight loss, ataxia) as well as, at
necropsy, severe neuronal loss and spongy degeneration. In the animals treated
for 24 and 31 days without clinical signs of poisoning (blood mercury concentration, 5–8 mg/ml), mild neuronal loss was evident along with gliosis of the calcarine
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cortex. Axonal degeneration of the sciatic nerve was also seen in both of these
treatment groups. Brain (cerebrum, cerebellum) mercury concentrations ranged
from approximately 13 to 30 mg/g). After acute poisoning with methylmercury, white
matter oedema may compress sulcal arteries and produce focal vascular insufficiency in the calcarine cortex (Eto et al., 2001, 2002).
(b)

Renal and hepatic toxicity

In long-term experiments, renal damage in male mice and rats usually occurs
at lower doses of methylmercury and with greater severity than in females.
(c)

Immunomodulation

Groups of 8–11 female mice of strains SJL/N, A.SW, B10.S, BALB/C, DBA/2,
A.TL, or B10.TL were given subcutaneous injections of methylmercury chloride
at a dose of 0 or 1 mg/kg bw every third day for 27 days. Methylmercury induced
systemic autoimmunity, manifest as antinucleolar antibodies (ANoA) targeting
nucleolar fibrillarin (AFA), and anti-ssDNA (single stranded DNA) and anti-DNP
(deoxyribonucleoprotein) antibodies, but the effects on the immune system differed
qualitatively and quantitatively from those observed with inorganic mercury
(Hultman & Hansson-Georgiadis, 1999).
In groups of five to nine female CBA/J mice infected with Toxoplasma gondii,
methylmercury at a single oral dose of 20 mg/kg bw increased the mean numbers
of brain cysts by four-fold compared with controls. Cell viability in both the spleen
and thymus was decreased (60% compared with controls), but to a similar extent
for either the separate or combined treatments (King et al., 2003).
Female Sprague-Dawley rats were given drinking-water containing methylmercury at a concentration of 0, 2.5 or 10 mg/l for 16 days (average dose, 0, 0.45 and
1.8 mg/kg bw per day, respectively). Muscarinic cholinergic receptors (mAChRs)
were assessed in various brain regions and in splenic lymphocytes either immediately or 2 weeks after cessation of treatment. The density of MAChRs (as
assessed by quinuclidinyl binding) was increased, without affecting receptor affinity, in the hippocampus and cerebellum, suggesting upregulation of mAChRs,
but only 14 days after exposure to methylmercury had ended. No effects were
observed in the cerebral cortex. There was a marked increase in the density of
mAChRs in splenic lymphocytes both immediately and 14 days after exposure to
methylmercury (Coccini et al., 2000).
Groups of three to five male Wistar rats were given methylmercury chloride
orally at a dose of 0 or 10 mg/kg bw per day for 5 days and sacrificed 8, 12, and
15 days after treatment, while another group was given methylmercury at a single
oral dose of 20 mg/kg bw and sacrificed 24 and 72 h after exposure. Peritoneal
mast cells were isolated from all rats at the time of sacrifice. Compared with controls, methylmercury modified mast cell function in vitro, as observed by the inhibition of histamine release after stimulation with compound 48/80 (0.125 mg/ml)
or with calcium ionophore A23187 (0.125 mg/ml). With the latter chemical, methyl-
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mercury progressively decreased the stimulation of histamine release for the three
time-points (Graevskaya et al., 2003).
(d)

Other effects

In mitotic Chinese hamster fibroblast cells, methylmercury chloride at a concentration of as low as 2.5 mmol/l (0.62 mg/l) affected centrosome integrity in vitro
by inducing multiple foci of tubulin and producing multipolar spindles and multinucleated cells, while inorganic mercury did not (Ochi, 2002).
The time sequence of morpho-functional changes induced by methylmercury
hydroxide at concentrations of 10-8–10-5 mol/l in C6 rat glioma cells revealed initially measurable reactive oxygen species, followed by oxidative DNA damage and
mitochondrial depolarization, leading to apoptosis (Belletti et al., 2002). The lowest
concentration of methylmercury hydroxide that effectively generated reactive
oxygen species and 8-hydroxy-2¢-deoxyguanosine DNA adducts was 10-7 mol/l
(25 mg/l).
2.3

Observations in humans

2.3.1

Study in the Seychelles
(a)

Pilot cohort neurodevelopmental evaluations at age 8 years

In the Seychelles child development study, a subset (11%, 87 infants) of the
cohort used as a pilot sample for the neurodevelopmental evaluations of infants
aged 5.5 years was used as a pilot cohort for the evaluations at age 8 years. Selection appears to have been based on birth date only (children who were aged 8
years ±6 months between 1 June 1997 and 30 October 1997). Median concentration of mercury in maternal hair in this subset was 7.8 mg/kg (range, 0.6–35.4;
interquartile range, 12.1 mg/kg; 41 children had a concentration of >9 mg/kg). The
battery of tests was constructed to include some of the same tests given to the
Faroese children at age 7 years: several subtests of the Wechsler intelligence
scale for children-III (WISC-III), the California verbal learning test, the Boston
naming test, the developmental test of visual-motor integration, the design memory
subtest of the wide-range assessment of memory and learning, the grooved pegboard, the trail-making test, and the finger-tapping test. The statistical methods
used were modelled on those applied to data collected at previous evaluations.
A significant interaction between prenatal exposure to methylmercury and sex
was seen on the Boston naming test, such that in males, the number of correct
responses increased with increasing concentration of methylmercury. On the
grooved pegboard test, boys’ performance for both the dominant and nondominant hands improved with increasing prenatal exposure to methylmercury. On the
developmental test of visual-motor integration, boys’ scores also improved with
increasing prenatal exposure to methylmercury. In girls, for the preferred hand,
time to complete the grooved pegboard increased with increasing prenatal exposure to methylmercury. Two negative associations were found between postnatal
exposure to methylmercury (hair mercury concentration at age 8 years), for short-
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delay and long-delay scores on the California verbal learning test (Davidson et al.,
2000).
(b)

Neurodevelopmental evaluations of the full cohort at age 8 years

At age 8 years, 643 children underwent an additional evaluation. This number
represents 90% of the 717 children (of the original cohort of 779) who were considered eligible. As in the pilot study for the evaluations of 8-year-old children,
the test battery included both global and domain-specific tests. In addition to the
tests given in the pilot study, the following tests were administered: the letter-word
identification and applied problems subtests of the Woodcock-Johnson tests of
achievement, several subtests of the Bruininks-Oseretsky test of motor proficiency,
a test of haptic matching, the Connors continuous performance test, and the
Connors teacher rating scale. The mean concentration of mercury in hair at the
time the children were tested was 6.1 mg/kg (standard deviation (SD), 3.5). A total
of 21 end-points were examined. Children with higher prenatal exposure to
methylmercury took significantly longer to complete the grooved pegboard with the
nondominant hand, and had significantly better scores on the hyperactivity index
of the Connors teacher rating scale. The authors commented that the distribution
of p values for the 21 end-points was as would be expected under the null hypothesis of no association between prenatal exposure to methylmercury and child
outcome. Analyses involving postnatal exposure to methylmercury and child
outcome were not reported, although it was noted that significant adverse associations in females were found in “a few tests” and that additional analysis of these
findings was ongoing. The authors conclude that they continue to find: “. . . no
detectable adverse effects in a population consuming a wide variety of ocean fish”
(Myers et al., 2003).
Several additional analyses of the results of follow-up examinations of children
aged 5.5 years have been reported. These have consisted of efforts to respond to
issues raised by peer reviewers and to explore alternative explanations for the
apparent discrepancies between the findings of this study and those of the study
in the Faroe Islands. These studies are summarized below.
In the analyses reported by Davidson et al. (1998), both prenatal exposure to
methylmercury (as reflected in concentration of methylmercury in maternal hair
during pregnancy) and postnatal exposure to methylmercury (concentration of
mercury in the child’s hair, at age 5.5 years) were included in the regression
models. Although these two indices of exposure to methylmercury were only modestly correlated (correlation coefficient, 0.15), a concern was raised that including
both indices in the same model might attenuate any association either one might
have with neurodevelopment. Therefore, separate regressions on the six primary
end-points of the evaluation at age 5.5 years were carried out, considering each
exposure index separately. The results were essentially unchanged from those
initially reported (Cox et al., 1999).
Because three different examiners were used to collect data on neurodevelopment at age 5.5 years, regressions adjusting for examiner were run. Again the
results were unchanged (Davidson et al., 2001).
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In the original study reported by Davidson et al. (1998), analyses were
conducted on children’s age-standardized scores. In the Faroe Islands, in contrast,
many analyses were done on children’s raw neurodevelopmental scores,
adjusting for age at examination. Therefore, an evaluation was performed to determine whether using the latter approach changed the results obtained: it did not
(Davidson et al., 2001).
Generalized additive models were applied to the data acquired during the
examinations of 5-year-old children in order to identify possible nonlinearities in
the association between methylmercury and the six primary end-points. Unlike the
regression approach applied in the analyses reported by Davidson et al. (1998),
generalized additive models make no assumption about the functional form of the
association. Minor nonlinearities were identified for three of the six end-points. On
the preschool language scale (for which a higher score is better), children’s scores
declined 0.8 points between concentrations of mercury in maternal hair of 0 and
10 mg/kg, then increased 1.3 points for concentrations of >10 mg/kg. Total score
on the child behaviour checklist (for which a higher score is worse) increased by
1.0 point between concentrations of mercury in maternal hair of 0 and 15 mg/kg,
and declined 4 points with an increase in concentration of 15 to 20 mg/kg. For the
general cognitive index on the McCarthy scales of children’s abilities, the score
increased 1.8 points for concentrations of mercury in the child’s hair of up to
10 mg/kg, then declined 3.2 points for concentrations of between 10 and 20 mg/kg.
Thus, overall there was no clear evidence for consistent adverse effects across
the entire range of exposures represented in this sample. Two of the three trends
suggested a beneficial effect of increasing prenatal exposure to mercury (Axtell
et al., 2000).
The fact that in the study in the Faroe Islands the neurodevelopmental tests
administered were “domain-specific” while they were “global” in the study in the
Seychelles has been cited by some as a possible reason for their discordant findings. To address this issue, a re-analysis was performed on scores obtained on
the McCarthy scales of children’s abilities, a global test of ability, applying a neuropsychologically-based conceptual framework to recombine subscale scores into
discrete domains: attention, executive functions, expressive language, receptive
language, nonverbal memory, verbal memory, visual-spatial organization, visualmotor organization, and gross motor skills. As in the original analyses, however,
no evidence of any adverse associations between domain scores and prenatal
exposure to methylmercury was found. For many domains, the mean performance
was best in the stratum with the highest prenatal exposure to methylmercury.
Higher concentrations of hair mercury in children aged 5.5 years were significantly
associated with higher memory scores (Palumbo et al., 2000).
Analyses of data from the evaluations of neurodevelopment at age 6.5, 19, or
29 months (0.5, 1.6, or 2.4 years, respectively) were conducted to determine
whether an adverse association between prenatal exposure to methylmercury and
children’s scores could be identified among subgroups of the study sample. Specifically, potential effect modification by sex, birth weight, maternal age, family
income, intelligence of the caregiver, and the amount of stimulation available in
early home environment were evaluated. Although a few significant interactions
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were noted, the slopes of the dose—effect relationship varied across strata of
covariates in ways that are hard to interpret (Davidson et al., 1999).
Analyses of the children’s scores on the separate scales of the child behaviour checklist, a parent rating scale, were reported. No consistent trends related
to mercury in maternal hair or in the child’s hair were found. The T-scores of the
Seychellois children were consistently higher than those in the United States
standardization sample, but scores showed the expected associations with
other covariates (Myers et al., 2000).
2.3.2

Study in the Faroe Islands

Neuropsychological, neurophysiological, and neurological evaluations of the
Faroe Islands study cohort at age 14 years were completed in mid-2001, but no
findings have yet been published. However, Grandjean and colleagues have
recently reported additional analyses of the data collected when the children were
aged 7 years. In an effort to identify age-dependent variation in susceptibility, they
compared the associations between outcomes at age 7 years and five sets of biomarkers of exposure to methylmercury: concentrations of mercury in cord blood,
maternal hair, child’s hair at age 1 and 7 years, and child’s blood at age 7 years
(Grandjean et al., 1999). As expected, given the previously reported findings, the
regression coefficients for mercury in cord blood were generally larger, and associated with lower p values, than were those for the other biomarkers, particularly
on tests assessing language, attention, and memory, and less so for visuospatial
memory and motor function. For finger tapping (a test of motor function), mercury
in maternal hair was the better predictor, and was presumed to reflect exposure
to mercury in the second trimester of pregnancy. Higher concentrations of mercury
in hair of children at age 1 year were associated with slower finger tapping and
with slower reaction time. Higher concentrations of mercury in children’s hair and
in blood at age 7 years were associated with worse recall on the Bender Gestalt
test of visual-motor function. This pattern led the authors to conclude that, in
general, the period of greatest susceptibility to neurotoxicity caused by methylmercury occurs during late gestation, but that, to some extent, it probably differs for
different brain functions (Grandjean et al., 1999).
The possibility of spikes in exposure to methylmercury of pregnant Faroese
women who consume meals of whale meat has been cited as a possible explanation for discrepancies in the findings of studies in the Seychelles and the Faroe
Islands. To evaluate this hypothesis, samples of maternal hair collected at parturition were used to compare the concentration of mercury in full-length hair
segments (reflecting average exposure to mercury during pregnancy) to the concentration of mercury in the segment closest to the scale (reflecting exposure
closer to parturition). Although the correlation between concentrations of mercury
in these two samples was high (0.93), for 10% of the children, the smaller concentration was less than 60% of the higher concentration, suggesting that exposure had been variable between early and late pregnancy. Excluding these children
from analyses of the associations between mercury in cord blood and neuropsychological outcomes at age 7 years had little impact on the regression coefficients
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estimated for mercury in cord blood. In fact, the coefficients increased from 3% to
43% after exclusion of children with greatest variation in exposure to methylmercury in utero. The authors concluded that the associations seen in the study undertaken in the Faroe Islands were not caused by peaks in exposure to methylmercury
resulting from the periodic consumption of whale meals (Grandjean et al., 2003b).
Considerable concern has been expressed that adverse outcomes associated
with prenatal exposure to methylmercury in the study in the Faroe Islands might
be caused by residual confounding by high exposure to polychlorinated biphenyls
(PCB) in this population. The investigators addressed this issue by stratifying
analyses by PCB tertile. Those analyses provided little evidence that the magnitude of the association between methylmercury and neuropsychological outcomes
differed in the three PCB strata. In fact, the association appeared to be somewhat
stronger in the tertile with lowest exposure to PCBs (Budtz-Jorgensen et al.,
1999b).
In additional analyses, the four neuropsychological tests that measure parameters most strongly related to exposure to PCBs in this cohort were examined,
stratifying by methylmercury tertile. For all four outcomes, the strongest effects of
PCB were seen among children in the highest methylmercury tertile. The confidence intervals were quite wide, however, so the cross-product interaction terms
did not reach statistical significance for any outcome. The authors concluded that
these analyses do, however, suggest that increased exposure to methylmercury
might augment the neurotoxicity of PCB, but not the converse (Grandjean et al.,
2001b).
In the Oswego newborn and infant development project, it was reported that
in 212 consumers of fish from Lake Ontario, for whom maternal concentrations of
mercury in hair during pregnancy averaged 0.5 mg/kg, exposure to methylmercury
was not significantly associated with children’s scores on the McCarthy scales of
children’s abilities at age 3.2 years, except among women with detectable levels
of PCBs. However, this apparent enhancement of the neurotoxicity of methylmercury at higher concentrations of PCB was not apparent when the children were
re-tested at age 4.5 years. The authors observed that the highest quartile of exposure to PCB in the Oswego study was still lower than the lowest quartile of exposure to PCB in the Faroe Islands cohort, suggesting that it is important to bear in
mind that the effects of methylmercury were observed in a cohort that, by comparison with most other cohorts, has high levels of exposure to PCB (Stewart
et al., 2003).
The hypothesis that visual dysfunction associated with exposure to mercury
was responsible for the deficits noted in children aged ≥7 years, in scores for neuropsychological tests, some of which depend on the processing of visual information, was reconsidered. Although the score for a test of visual contrast sensitivity
(functional acuity contrast test) was associated with children’s scores on several
other tests, visual contrast sensitivity did not operate as a significant confounder
of the association between mercury in cord blood and these tests, as adjustment
had little appreciable impact on the regression coefficients for mercury in cord
blood (Grandjean et al., 2001a).
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A second, smaller cohort was recruited in the Faroe Islands. This cohort
included 182 infants, 64% of consecutive spontaneous full-term births during 1
year, using a catchment area that included villages with greatest access to fish
and whales. Concentrations of mercury were measured in maternal hair (mean,
4.08 mg/kg; range, 0.36–16.3), cord blood (mean, 20.4 mg/l; range, 1.90–102), and
cord serum (mean, 2.54 mg/l; range, 0.70–8.74). In addition, 18 pesticides or pesticide metabolites and 28 PCB congeners (lipid-adjusted) were measured in maternal serum and breast milk, selenium was measured in cord blood, and fatty acids
(arachidonic acid, eicopentanoic acid (EPA), docosahexaenoic acid (DHA), total
omega-3 fatty acids) were measured in cord serum. The primary outcome, measured at age 2 weeks, was the neurological optimality score (NOS). This test
assesses an infant’s functional abilities, reflexes, and muscle tone. In addition,
several indices of thyroid function were measured in maternal and cord serum. A
significant inverse relationship was found between NOS score and mercury in cord
blood. A ten-fold increase in concentration of mercury was associated with a deficit
in NOS score that was equivalent to a 3-week reduction in gestational age. Adjustments for total PCBs or fatty acid concentrations did not appreciably affect
the results, and selenium did not appear to modify the effect of methylmercury
(Steuerwald et al., 2000).
The prenatal and postnatal growth of this second cohort was examined in
relation to fatty acid intake and exposures to environmental contaminants. It was
found that increased intake of fatty acids (particularly DHA) prolongs length of
gestation, but does not result in higher birth weight. Furthermore, birth weight
adjusted for gestational age appeared to decrease at higher fatty acid intakes (of
EPA, in particular), an effect that was independent of concentrations of methylmercury and PCBs. Mercury in cord blood, in particular, was not significantly associated with length of gestation, birth weight, or placental weight (Grandjean et al.,
2001b).
The postnatal growth of children in the second cohort was assessed in relation to their prenatal and lactational exposures to PCBs and methylmercury, in an
attempt to explain the “weanling’s dilemma”, that is, that the growth of infants who
are breastfed for longer than a few months is attenuated. Body weight and standing height were measured at age 1.5 and 3.5 years. The slower postnatal growth
of children who were exclusively breastfed was confirmed. In multiple regression
analyses, after adjusting for PCBs and several other factors, higher concentration
of mercury in cord blood was negatively associated with both height and weight
at age 1.5 years. A doubling of concentration of mercury in cord blood was associated with a decrease of 0.19 kg in weight and a decrease of 0.26 cm in height.
Similar associations were seen at age 3.5 years, although they were not significant if adjustment was made for height and weight at age 1.5 years. The negative
relationship between breastfeeding and weight was reduced to non-significance
after adjustment for lactational exposure to mercury. Lipid-adjusted concentration
of PCBs in serum at age 4.5 years was negatively associated with weight and
height at age 4.5 years. The authors concluded that contaminants of seafood in
the maternal diet might adversely impact the infants’ postnatal growth, and that
this might help to account for the decreased growth observed in children who are
exclusively breastfed (Grandjean et al., 2003a).
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Other studies in children with a high intake of fish

A small group of Inuit children who had been exposed to relatively high levels
of methylmercury were recruited. Twenty-one out of 40 children aged 6–12 years
for whom concentrations of mercury in cord blood had been measured were compared with 22 Inuit children aged 7–12 years residing in the same community. Hair
samples from all children and their mothers were also analysed for mercury. The
mean concentration of mercury in cord blood of the 21 children for whom it was
available was 181 mg/l (range, 28–777); the mean concentration of mercury in
maternal hair for the 43 children was 5.5 mg/kg, ranging up to 18.4 mg/kg; and the
mean concentration of mercury in maternal hair was 15.5 mg/kg, ranging up to 32.9
mg/kg. The only significant association found was a positive association between
concentration of mercury in maternal hair and error score in a test of hand–
eye coordination. On several tests, higher concentrations of mercury were associated with worse performance, but results were not significance, presumably
at least in part because of the small sample size. Even the covariates that generally predict neurobehavioural test scores also tended not to be significantly
associated with children’s performance in this limited sample. Other factors of possible relevance include the need to rely on an interpreter in administering the tests,
and the wide age range of the children. Visual evoked potentials were also
recorded but were not significantly related to concentrations of mercury (Weihe
et al., 2002).
A study in children exposed to relatively high levels of methylmercury via fish
consumption was conducted in French Guiana. Children from three American
Indian communities with different levels of exposure were studied: high exposure
(n = 153), medium exposure (n = 69), and low exposure (n = 153). A standard neurological examination was carried out on all children aged 9 months to 6 years
from the group with a high level of exposure to methylmercury (n = 97) and on a
random sample of children (n = 69), matched for age and sex, from the groups
exposed to medium and low levels of methylmercury. In the groups with high and
low exposure, children aged 5–12 years underwent a battery of neuropsychological tests modified in light of the cultural and linguistic settings: finger tapping, leg
coordination, Stanford-Binet copying and bead memory subtests, and digit span.
It was frequently necessary to use an interpreter. Hair samples were collected from
the child and his or her mother, with the concentration of mercury in maternal hair
interpreted as a proxy for the child’s level of prenatal exposure. Mean concentration of mercury in maternal hair in the groups exposed to high, medium and low
levels of methylmercury, respectively, were 10.2 mg/kg, 6.5 mg/kg and 1.4 mg/kg.
Mean concentrations of mercury in maternal hair were 12.7 mg/kg, 6.7 mg/kg, and
2.8 mg/kg, respectively. Women in the three groups differed in many respects,
including language spoken, education, income, consumption of alcohol, prenatal
care, illness during pregnancy, and intelligence quotient (IQ). No major neurologic
signs were observed in the children. The prevalence of increased tendon reflexes
increased across mercury categories, although the trend was significant only for
boys (<5 mg/kg, 2.6%; 5–10 mg/kg, 13.2%; ≥10 mg/kg, 27.9%). After adjusting for
age, sex, and place of birth, the odds ratio (OR) for increased reflexes in boys was
5.2 (95% CI, 1.1–2.2). For girls, the OR was close to 1. After 9 months, only 3 out
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of 10 children who had been found to have slower tendon reflexes at the initial
examination were found to have slower reflexes upon re-examination. For the
neuropsychological tests, after adjusting for age, sex, examiner, and (for some
end-points) parity and place of birth, children with higher concentrations of mercury
in maternal hair had significantly lower scores on the copying test (both sexes). In
the group exposed at a high level only, higher concentration of mercury in maternal hair was significantly associated with poorer scores on bead memory and leg
coordination (boys only) and copying test (girls only). In general, concentration of
mercury in maternal hair was more strongly associated with child outcomes than
was concentration of mercury in the child’s hair. Thus, children’s scores for
selected neuropsychological tests were associated with higher current maternal
exposures to mercury, although some associations were sex-specific and many
test scores were not associated with any index of exposure to mercury. In order
to link the neurobehavioral deficits of the children to their prenatal exposures to
mercury, it is necessary to assume that the mother’s diet and the concentrations
of mercury in fish had not changed appreciably since the birth of her child (Cordier
et al., 2002).
Children from several areas of Ecuador, including gold-mining settlements in
which elemental mercury was used in the extraction process, were studied. Neurootological examinations were carried out on 114 children (32 from a remote
gold-mining settlement, 37 from a gold-mining town, and 15 from a control, nongold-mining community). The method by which the children were selected, and the
size of the population from which they were sampled, is unclear. The mean concentrations of blood mercury in the three groups, in which the mean age was 9–11
years (range, 0.5–15), were 18.2 mg/l (range, 2–89), 4.9 (range, 1–10), and 2.4
(range, 1–6), respectively. The frequency of neurological complaints (e.g.
headache, dizziness, memory loss, attention deficits) was high, although it is not
clear how these symptoms were elicited for the very young children, nor were the
reports obtained in an unblended fashion. No statistical analyses of the frequency
of neuro-otological symptoms as a function of concentrations of mercury were
reported. The authors could not determine whether the children’s exposures to
mercury were primarily from elemental mercury vapour liberated during burning of
amalgam or from seafood contaminated with methylmercury. In addition, the
effects of many other neurological risk factors, including poor nutrition, intestinal
parasites, or other neurotoxic exposures such as sodium cyanide, were not considered (Counter et al., 2002).
2.3.4

Reproductive toxicity

In a case—control study, the blood mercury concentrations of couples with and
without fertility problems were compared. The group of couples with fertility problems comprised 155 male and female partners of married couples undergoing in
vitro fertilization. Two subgroups within this group were identified: males with
abnormal sperm (on the basis of concentration, motility, and morphology) and
females with “unexplained infertility” (i.e. partners with normal semen, women
without anovulation, endometriosis, tubal malfunction or peritoneal adhesions).
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The group of 26 controls comprised members of couples recruited in the second
trimester of pregnancy. Exclusion criteria included known occupational exposure
to mercury or a known etiology for semen abnormality. Blood mercury at a concentration of >50 mg/l was considered to be elevated. The participation rate was
90% in the group with fertility problems but only 20% in the control group. Overall,
higher concentrations of mercury in blood and higher frequencies of elevated concentrations of mercury were found in both males and females in the former group
than in males and females in the control group (males with fertility problems,
40.6 mg/l, 35% elevated; control males, 31.2 mg/l, 15% elevated; females with fertility problems, 33.2 mg/l, elevated 23%, control females: 17.5 mg/l, 4% elevated).
In logistic regression analyses adjusting for age, concentration of mercury in blood
was a significant predictor of fertility status. The difference in rates of elevated concentration of mercury in blood was significant only for females, however. Mercury
was not speciated in this study, although self-reported consumption of seafood
was significantly (but modestly) correlated with concentration of mercury in blood
(correlation coefficent, 0.21), and consumption of seafood was the only source of
exposure that differed between the couples with fertility problems with high and
low concentrations of blood mercury (Choy et al., 2002).
Changes in the sex ratio of births in Minamata City between 1950 and 1969
were evaluated. This was the period spanning the most severe episode of
methylmercury poisoning in the region. For the period 1955–1959, the presumed
height of the episode, the percentage of male births declined in a manner than
appears to be dose-dependent. The control ratio, based on Japanese population
data was 0.515. In Minamata City, the overall rate was 0.492; in mountainous areas
of Minamata City, it was 0.501; in urban areas, 0.488; in seashore areas, 0.475;
in the area in which cases of Minamata disease were most prevalent, 0.459;
among female patients with Minamata disease, 0.393; among fishermen’s families, 0.382. This pattern was not seen for births during 1960–1964 or 1965–1969,
or among fishermen who lived in surrounding cities during the same period. Similarly, the number of male stillbirths was 1.7 times higher than that of female stillbirths in the period 1955–1959, versus 1.2 times among controls. This was not
true for the periods 1952–1955 or 1060–1964. The authors concluded that the fact
that fewer males were born to female, but not to male, patients with Minamata
disease indicates that this represents a direct effect on fetuses via maternal exposure. The fact that the sex ratio returned to control levels after the period of most
severe pollution suggests that methylmercury affected the fetuses themselves
rather than maternal reproductive organs (Sakamoto et al., 2001).
2.3.5

Neurotoxicity in adults

Quantitative measurements of touch thresholds were determined in three
patients with Minamata disease, 32 residents of a fishing village (Ooura) experiencing long-term exposure to low doses of methylmercury, and 63 residents
of a control village. The mean ages in each group were 66–68 years. Current concentrations of mercury in hair were not measured. In 1960, the mean concentration of mercury in hair of patients with Minamata disease was 54.0 mg/kg and
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36.95 mg/kg among 16 residents of Ooura. Two-point discrimination thresholds,
measured in 26 regions, were approximately two-fold higher in both patients with
Minamata disease and Ooura residents than in residents of the control village.
Thresholds were increased in proximal extremities and trunk as well as in distal
extremities. The authors concluded that the distal extremity paresthaesias associated with exposure to methylmercury (glove-and-stocking type) are not caused
solely by damage to peripheral nerves, but also involve diffuse damage to the
somatosensory cortex (Ninomiya et al., submitted).
A cross-sectional study in 129 adults aged 17–81 years (mean, 35 years) was
conducted in Brazil in six fishing villages downstream from an area of gold mining
in which mercury was used in the amalgamation process. Using a complete
census, individuals were randomly selected, proportionally by village and age
group. Recent immigrants to the area were excluded, as were individuals who
reported working in the gold mining-related activities. Mean concentration of
mercury in hair was 4.2 mg/kg (range, 0.56–13.6). Tests of attention, memory,
learning, manual speed and dexterity, graphomotor speed, and mood were administered. Adjusting for sex, age, educational level, smoking, and alcohol intake,
higher concentrations of mercury in hair were significantly associated with memory,
attention, learning, and manual dexterity. Dose-dependent decrements in test
scores were noted. Stratifying test scores at their respective medians, the adjusted
ORs associated with having hair containing mercury at a concentration of >6 mg/kg
were significant, ranging from 1.6 to 3.5. The authors concluded that these findings suggest that adult cognitive function might be as sensitive to methylmercury
as children’s cognitive function. As the authors acknowledged, the cross-sectional
design of this study limits the conclusions that can be drawn about the critical
dose—effect relationships. The current concentrations of mercury in hair might not
accurately represent concentrations in the past, which might have been responsible for the neuropsychological deficits observed at the time the study was
conducted (Yokoo et al., 2003).
The question of whether methylmercury accelerates ageing was evaluated in
the context of a prospective cohort study of dementia in Sweden. The study population consisted of all persons born in 1912 and before (2368 participants), living
in the Kungsholmen district of Stockholm in October 1987. In this phase of the
study, 106 subjects were selected for additional follow-up, although it is not clear
on what basis the selection was made. Follow-up assessments included measurement of concentrations of mercury in blood and blood pressure, and administration of the mini mental status examination (MMSE). The mean concentration
of total mercury in blood in this group was 3.4 mg/l (range, 0.4–16), or 17 nmol
(range, 2–80). Concentration of mercury in blood was not significantly related to
either systolic or diastolic blood pressure, or to MMSE score. The authors concluded that because blood mercury is a relatively short-term index of exposure to
mercury, it most likely did not reflect the appropriate period from the standpoint of
neurotoxicity. In addition, it was surprising that MMSE scores were not related significantly to age in this cohort (range, 81–94 years, well above average life
expectancies for both men and women in Sweden), perhaps indicating that the
study sample was an exceptionally healthy subsample of the Swedish population
(Johansson et al., 2002).
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Immunotoxicity

In order to explore the potential immunotoxicity of methylmercury, exposure to
mercury and host resistance to parasitic disease were evaluated in a cross-sectional study of 205 people aged >2 years, living in randomly-selected households
in a town located downstream from a region of intensive gold-mining activity in
which mercury is used in amalgamation. The sample represented 10% of the total
population. Hair concentration of mercury was used as the biomarker of exposure,
and the mean was 8.6 mg/kg (range, 0.3–83.2). The prevalence of malaria was
determined from blood smears. All individuals were negative for malaria, although
66% reported a history of malaria within the previous 5 years. Controlling for age,
sex, duration of residence in the town, and income, the OR for past infection with
malaria was 4.2 for those with a history of working with mercury (16 persons). Concentration of mercury in hair was not, however, associated with a self-reported past
infection with malaria. Because of the remote site, studies that would have provided useful data (studies of immune function, or measurement of plasma cytokine
levels) could not be carried out. Without any active malaria infections, the association between concentration of mercury in blood and levels of parasitaemia could
not be investigated. The present reviewer noted that the association between the
risk of past infection with malaria and a history of working with mercury, but not
hair concentration of mercury, raises the possibility that it was occupational exposure to mercury vapour, rather than to methylmercury, that was responsible for
increasing an individual’s risk of malaria (Crompton et al., 2002).
2.3.7

Cardiotoxicity

Cardiovascular autonomic activity in nine patients with congenital Minamata
disease was compared with that in 13 age-matched healthy control volunteers.
Blood pressures and heart-rate variability (time and frequency domain analyses)
were recorded for 5 min during spontaneous breathing after subjects had rested in
a supine position for 10 min. The critical end-points were the mean, standard deviation, and coefficient of variability of the R-R intervals. Mean R-R interval was significantly lower (i.e. increased heart rate) in the group of patients with congenital
Minamata disease. The other two end-points were also lower in this group, but not
significantly so. The frequency domain analysis indicated that the high-frequency
component, an index of parasympathetic activity, was also significantly lower in
this group. The low-frequency component (sympathetic activity) was lower but not
significantly so. Groups did not differ in systolic or diastolic blood pressures,
although pulse pressure was significantly lower in the group of patients with congenital Minamata disease (Oka et al., 2003).
In a 7-year follow-up study of 1833 Finnish men aged 42–60 years who, upon
enrollment, were free of clinical heart disease, stroke, claudication, or cancer, the
mean concentration of mercury in hair was 1.92 mg/kg (range, 0–15.67). The main
end-points were acute myocardial infarction, death from coronary heart disease,
or cardiovascular disease. Adjusting for age, examination year, ischaemic exercise electrocardiogram (ECG), and maximal oxygen uptake, men in the tertile with
the highest concentration of mercury in hair (>2 mg/kg) had a two-fold higher risk
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of acute myocardial infarction (95% CI, 1.2–3.1). A fish intake of >30 g/day doubled
the risk of acute myocardial infarction, and each additional increase in fish intake
of 10 g/day was associated with a 5% increase in the 5 year risk (Salonen et al.,
1995).
An additional follow-up examination of 1104 of the men was conducted after 4
years. Both at baseline and follow-up, each man underwent an ultrasound examination of the carotid arteries to assess the extent and severity of atherosclerosis,
operationalized as the change in intima-media thickness. The increase in intimamedia thickness was 32% greater in men in the quintile with the highest concentration of mercury in hair (>2.81 mg/kg) than among men in the other four quintiles.
The increase appeared to be similar in the four lower quintiles. The authors speculated that the atherogenic effect of methylmercury results from its enhancement
of lipid perioxidation (Salonen et al., 2000).
A case–control study was conducted in 684 men aged £ 70 years with a first
diagnosis of myocardial infarction, living in any of eight European countries or
Israel, and 724 controls frequency matched on age from the same areas. The biomarker of exposure used was mercury in toenail clippings. The OR for myocardial
infarction associated with the highest quintile of mercury in toenails was 2.16 (95%
CI, 1.09–4.29), after adjustment for age, centre, DHA, body mass index (BMI),
smoking, alcohol, high density lipoprotein (HDL), diabetes, hypertension, parental
myocardial infarction, a-tocopherol, b-carotene, selenium, and weight of toenail,
(Guilar et al., 2002).
A case–control study nested within the health professionals follow-up study
involved 33 737 male health professionals aged 40–75 years. The cases comprised 470 men with coronary heart disease (including surgery on coronary arteries, nonfatal myocardial infarction, fatal coronary heart disease). Controls were
matched on age and smoking. The biomarker of exposure, mercury in toenails,
was not associated with risk of coronary heart disease. The adjusted OR in the
highest quintile was 0.97 (95% CI, 0.63–1.50). A potentially important aspect of
this study, however, is that 58% of the study participants were dentists, and their
mean concentration of toenail mercury was twice as high as that among non-dentists. This suggests that exposure to mercury vapour (metallic mercury) contributes
significantly to concentration of mercury in toenails. How informative this study is
regarding exposure to methylmercury and cardiovascular risk is thus open to question (Yoshizawa et al., 2002).
In a population-based case–control study, 440 incident cases of stroke were
identified among individuals aged 40–85 years. After controlling for confounders,
the OR for individuals in the highest quintile of fish consumption (>46 g/day) was
1.95 (95% CI, 1.14–3.33), compared with that for individuals in the lowest intake
quintile (11 g/day). The OR associated with omega-3 fatty acid intake was somewhat lower and not statistically significant. The author speculated that low doses
of omega-3 fatty acids protect against atherosclerotic thrombotic disease via
several mechanisms but that high doses increase the risk of haemorrhage. Exposure to methylmercury was not measured in this study. The present reviewer noted
that the possibility that contaminants of seafood, rather than omega-3 fatty acids,
might play a role was not considered (Caicoya, 2002).
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General health of residents of the Minamata City area

Annual follow-up health examinations have been conducted since 1984 on
approximately 1500 persons aged >40 years in a town in which the prevalence of
Minamata disease is higher (36.9 cases/1000 population) than it is in Minamata
City. In a series of case–control analyses, it was determined whether patients with
diagnoses of liver disease, renal disease, or diabetes mellitus were more likely to
reside in fishing villages and could thus be assumed to have a history of higher
exposure to methylmercury in the past. For none of the three classes of disease
was the OR elevated for residents of fishing villages (Futatsuka et al., 2000).
Regional differences in the prevalence of 65 subjective complaints were evaluated. A comparison was made between older residents (aged >40 years) of two
towns: town A (1304 participants) on the Yatsushiro Sea, where pollution with
methylmercury was severe, and a similar town (town B, 446 participants) on the
Ariake Sea, where no cases of Minamata disease had been recorded. Town A was
divided into two areas: fishing villages and an internal control area. The rate of
participation was only about 30% in both towns, and it is not stated whether the
public health nurses conducting the interviews were blinded to the location of a
respondent’s residence. Residents of fishing villages in town A reported a higher
prevalence of complaints than did other residents of town A or residents of town
B. For many symptoms, the rate was two to three-fold higher (up to 14-fold). Among
males, significant regional differences were noted for stiffness, dysesthaesia, hand
tremor, dizziness, loss of pain sensation, cramp, atrophy of the upper arm muscle,
arthralgia, insomnia, and lumbago. Among females, significant differences were
noted for leg tremor, tinnitus, loss of touch sensation, atrophy of the leg muscle,
and muscular weakness (Fukuda et al., 1999).
2.3.9

Safety assessments: analyses of levels of exposure and
corresponding responses

The identification of a “practical threshold” for developmental effects, particularly in regard to the fetus, can serve as a basis for an assessment of the safety
of exposure to methylmercury. The end result of such an assessment is the identification of a safe level of exposure for adverse developmental consequences that
is three- to five-fold lower than a similar safe dose based on the end-point for
adults. The following is a summary of various assessments of the adverse consequences on fetal development using human environmental epidemiological
studies conducted in the Faroe Islands, Iraq, the Seychelles and New Zealand.
In considering such a safety assessment, one approach is to use the classical
no-effect level/no-observed-adverse-effect level/lowest-observed-adverse-effect
level (NEL/NOAEL/LOAEL) approach in which a level of exposure is identified and
judged to be without appreciable risk (WHO, 1987; Lu & Sielken, 1991; Beck et
al., 1993). While this approach is certainly viable when considering animal studies
in which discrete numbers of animals are assigned to a number of groups receiving different doses, it does become somewhat problematic when considering
environmental epidemiological studies, such as those that are available for
methylmercury, and which serve as the primary basis for any consideration of
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safety or risk (Beck et al., 1993; Barnes et al., 1995). In these types of studies,
population exposures do not comprise a few discrete values, as is normally the
case in a bioassay in animals, but are continuous. When an effect is noted in such
a study, a mean exposure is often assumed to be the LOAEL, but such an assessment can only determine that an effect may have occurred within a range of levels
of exposure, and may very well span several orders of magnitude. A similar uncertainty would also apply to the identification of a NOAEL where mean exposure may
not be a good determinant of a NEL/NOAEL. An alternative to the classical
approach in which a NOAEL/LOAEL is identified in an environmental epidemiological study is that of the benchmark dose (BMD), the dose that corresponds to
a specified level of additional response above background (e.g. 1, 5 or 10%) called
the benchmark response (BMR). A lower statistical confidence bound (95%) on the
BMD is then used as a replacement for the NOAEL. It is generally defined as a
calculated NOAEL. It has been proposed that the BMD approach is superior to the
use of “average” or “grouped” exposure estimates when dose–response information is available, as are used in epidemiological studies on methylmercury. The
BMD approach has several advantages over the NOAEL approach, including
making use of the entire exposure–response range and reflecting sample size
more appropriately. Another advantage, and this applies specifically to the study
in the Seychelles, is that negative data can be used to estimate the lower limit of
the 95% confidence interval of the benchmark-dose level (BMDL). With negative
data, the point estimate for the dose–response trend can be zero, or in a positive
or negative direction. If the estimate of trend is negative or zero then the BMD will
be undefined or infinite, while if it is positive it will be finite. When a study gives
negative results and it is possible that there is no cause–effect relationship, the
statistical constraints of the study design determine the BMDL. The BMDL represents a conservative value (an overestimation) and with negative data it represents the lowest estimate of a NEL/NOAEL. The value of the BMDL reflects the
potential magnitude of any small effect of methylmercury that might have gone
undetected in a study (Crump, 1984; Beck et al., 1993; Lu & Sielken, 1991; Barnes
et al., 1995; National Academy of Sciences/National Research Council, 2000).
Study in the Faroe Islands
Several BMD analyses have been conducted by the study investigators in order
to identify doses of methylmercury that result in an increased probability of an
abnormal response in the study population (Budtz-Jorgensen et al., 1999a, 2000,
2001, 2002). In these assessments, the background occurrence of an adverse
effect in the population is generally fixed at 5%, while the BMR varies from 2% to
10%. For each of five major cognitive functions assessed in the study in the Faroe
Islands, one neuropsychological test was selected. Benchmark doses were calculated using each of these variables as the response variable. The tests selected
were: neurobehavioural evaluation system (NES2) finger tapping, preferred hand
(representing motor ability); NES2 continued performance, reaction time (representing attention); the Bender test (representing visuospatial ability); the Boston
naming test, with cues (representing language ability); and the California verbal
learning test, long delay (representing memory ability).
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The BMD analysis was performed using concentration of mercury in both
maternal hair and cord blood as the exposure variable, and a uniform set of confounding variables was identified. The higher the BMR, the higher the BMD. Using
concentration of mercury in maternal hair as the exposure variable for all five
response variables, there is almost no difference in the fit between the three
dose–response functions (linear, logarithmic and square root function) used in the
analysis. However, some variation is seen in the calculated BMDL values. For a
10% BMR, the highest variation is seen for the continuous performance test (CPT)
of reaction time, where the BMDLs vary by a factor of 2.6. As anticipated, the
lowest BMDLs are seen for the response variables where the effect of mercury is
strongest, i.e., the CPT reaction-time test (BMDL = 6–13 mg/g) and the Boston
naming test (BMDL = 9.14 mg/g).
For the concentration of mercury in cord blood, the results depend more on
the assumed dose–response function. Again, the highest variation in BMDL for a
BMR of 10% is seen for the reaction-time test. For this response variable, the fit
of the linear dose–response function is significantly worse than the fit of the logarithmic function. The difference in fit between the logarithmic and the square root
function is not significant for any of the response variables, although the variation
in the corresponding BMDL values is considerable. Again, the lowest BMDLs were
seen for the CPT reaction-time test (BMDL = 3–96 mg/l) and the Boston naming
test (BMDL = 9.66 mg/).
An ad hoc committee of the United States National Academy of Sciences/
National Research Council concluded that the study in the Faroe Islands was the
most appropriate study to use for the derivation of a reference dose (RfD) for
methylmercury. This recommendation was in turn adopted by the United States
Environmental Protection Agency (Rice et al., 2003). The Committee concluded
that it was best to identify what it called a “point of departure” (POD) and recommended the use of the 95% BMDL as the POD. The Committee did caution that
the type of statistical analysis used could have a substantial effect on the estimated BMDL. The Committee also recommended that the K-power model with a
constraint of K >1 be used to make such an estimation (see Table 1). On the basis
of the analyses of cord blood, the lowest BMDL for a neurobehavorial end-point
considered by the Committee to be sufficiently reliable is the Boston naming test.
The Committee’s preferred BMDL estimate is 58 ppb for mercury in cord blood.
With regard to the size of the uncertainty factor to apply to the BMDL, the Committee concluded that a factor of 10 would account for biological variability in dose
estimation and for insufficiencies in the database (i.e. possible sequelae after low
doses and latent effects, and immunotoxicity and cardiovascular effects).
Iraq
Several safety assessments have relied on the data acquired in the study of
the episode of poisoning with methylmercury that occurred in Iraq in 1971–1972
as a result of the consumption of bread and cereals made from grain treated with
fungicides containing alkyl-mercury (WHO, 1976; Crump et al., 1995: Dourson
et al., 2001). There are limitations in this study that warrant caution in its use in
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Table 1. K-power model for calculations of
benchmark dose (mercury in cord blood, ppb),
study in the Faroe Islands
End-point

BMD

BMDL

Finger tapping
CPT reaction
Bender copying errors
Boston naming test
California verbal learning test:
delayed recall

140
72
242
85
246

79
46
104
58
103

CPT, continuous performance test
BMD, benchmark dose
BMDL, benchmark dose level
BMDs were calculated on the assumption that 5% of the
responses would be abnormal in unexposed subjects,
assuming a 5% excess risk (BMR = 0.05)

such an assessment (Clewell et al., 1999). The number of mother–infant pairs (83)
in the study is fairly small, and most of the mothers whose offspring were observed
to have decrements in nervous system function had body burdens that exceeded
the LEL for an adult, namely paresthaesia at a hair concentration of mercury of 50
ppm. Other limitations include uncertainties surrounding the similarity of the toxicokinetics of methylmercury in grain versus in fish, different nutrient interactions
in grain versus in fish and differences in type and duration of exposure, namely
short-term versus long-term exposure. The level of the background occurrence of
either delayed walking or of symptoms affecting the central nervous system in a
population has a considerable impact on the estimated “practical threshold” for
methylmercury-induced effects on either response. The concentration of mercury
in hair at a hypothetical NOAEL for developmental effects was determined by application of a BMD approach. The analysis used the combined incidence of all neurological effects in children exposed in utero.
The continuous data for the Iraqi population were grouped according to five
doses, and incidence rates were provided for delayed onset of walking, delayed
onset of talking, mental symptoms, seizures, neurological scores of > 3, and neurological scores of > 4 for affected children. Neurological scores were determined
by clinical evaluation for cranial nerve signs, speech, involuntary movement, limbtone strength, deep tendon reflexes, plantar responses, coordination, dexterity,
primitive reflexes, sensation, posture, and ability to sit, stand and run. The effects
of late walking, late talking, and neurologic scores of > 3 were also combined for
additional analysis.
In order to adjust for background rates of effects, the estimates of BMD for
methylmercury were calculated to estimate the dose associated with “extra risk”.
Conceptually, extra risk is the additional incidence at which an effect is observed
above the background rate of incidence, relative to the proportion of the population of interest that is not expected to exhibit such an effect. Extra risk is then more
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easily interpreted than additional risk, because it applies the additional risk only to
the proportion of the population that is not represented by the background rate.
Estimates of benchmark dose were made by calculating the 95% BMDL on doses
corresponding to the 1%, 5% and 10% extra risk levels, using a quantal Weibull
model.
For each end-point and for the combined end-points, the incidence of response
was regressed on the dose. A c2 test of goodness-of-fit was used to test the null
hypothesis that the predicted incidence was equal to the observed incidence, so
that the null hypothesis would be rejected for p values of < 0.05. Results for individual effects and for all effects combined for children exposed in utero are given
in Table 2.
Seychelles
In the derivation of the minimal risk level (MRL), the United States Agency for
Toxic Substances and Disease Registry/Centers for Disease Control and Prevention used results of the Seychelles child development study for children aged 5.5
years (Davidson et al., 1998). As was noted above, children were exposed preand postnatally via the consumption of fish. The NOAEL was considered to be the
mean concentration of total mercury, 15.3 ppm, in maternal hair in the group of
children with the highest exposure in the test cohort at age 5.5 years, and was
used as the basis for derivation of an oral MRL. It was assumed that the concentration of mercury in hair is 250 times that in blood, and that the corresponding
concentration of mercury in blood would therefore be:
1/250 ¥ 15.3 mg/g ¥ 1 mg/1000 mg ¥ 1000 g/l = 0.061 mg/l
The concentration of mercury in blood was then related to steady-state ingestion using the following equation:
Table 2. Estimates of benchmark dose for methylmercury (ppm in hair):
maximum likelihood estimates and 95% lower confidence limits from a Weibull
model, based on incidence of effects in children exposed in utero
Effect

Late walking
Late talking
Mental symptoms
Seizures
Neurological score >3
Neurological score >4
All end-points

5% BMR

10% BMR

Goodness-of-fit

MLE

95% CL

MLE

95% CL

p value

16.7
22.1
61.0
60.4
28.8
41.4
8.3

10.9
12.3
32.8
34.3
17.0
23.7
5.4

34.3
43.8
125.4
124.2
59.1
84.9
17.1

22.4
25.3
67.5
70.5
34.9
48.7
11.1

0.16
0.79
0.63
0.86
0.58
0.4
0.94

BMR, benchmark response
MLE, maximum likelihood estimates
95% CL, 95% lower confidence limit
Goodness-of-fit, p value for testing the null hypothesis
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C = f ¥ d/b ¥ V = AD ¥ Ab ¥ d/b ¥ V
where:
C = concentration in blood, 0.95 mg/l
F = fraction of daily dose taken into blood, 0.05
d = daily intake (mg/day)
b = elimination constant, 0.014
V = volume of blood in a 60 kg woman, 4.2 litres
AD = percentage of mercury that is absorbed from the diet
Ab = percentage of absorbed amount of mercury that enters the blood
Using a body weight of 60 kg for women, the estimated dose that would result
in a mean concentration of mercury in hair of 15.3 ppm is 0.075/60 kg = 0.0013
mg/kg per day and was defined as the NOAEL from the most heavily exposed
group (95 children) at age 5.5 years.
An uncertainty factor of 4.5 was identified on the basis of the following issues.
—An uncertainty factor of 1.5 was used to address the toxicokinetic variation in
hair : blood ratios among women and fetuses in the population of the United
States;
—A second uncertainty factor of 1.5 was applied to address any remaining
interindividual variability (i.e. toxicodynamics) in the population of the United
States;
—A third uncertainty factor of 1.5 was employed to account for the possibility that
the domain-specific tests, as employed extensively in the study in the Faroe
Islands, but not in the Seychelles (in which primarily neurobehavioural tests of
global function were used), might be able to detect very subtle neurological
effects not tested for in the Seychelles cohort at age 5.5 years.
An alternative considered by the Agency for Toxic Substances and Disease
Registry was a physiologically-based toxicokinetic approach using the mean concentration of total mercury of 6.8 ppm in maternal hair for the entire Seychellois
cohort. Using the same formula for the hair : blood ratio as cited above, the corresponding steady-state ingestion is 0.6 mg/kg bw per day. Several uncertainty factors
were then applied. An uncertainty factor of 1.5 was used to account for the toxicokinetically-based variability of hair : blood ratios in pregnant women and fetuses
in the population of the United States (Clewell et al., 1999). The size of the study
population in combination with an uncertainty factor of 1.5 was considered adequate to encompass the full range of kinetic and dynamic variability within the
human population. An independent modifying factor of 1.5 was also used to take
into consideration the positive results of the domain-specific tests administered in
the study in the Faroe Islands. The uncertainty factor of 1.5, multiplied by the modifying factor of 1.5, yields a total aggregate value of 2.25. Applying the factor of
2.25 to the daily intake of 0.0006 mg/kg per day derived from the NOAEL yields
an oral MRL value of 0.0003 mg/kg per day.
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An assessment of BMD was used by Crump et al. (2000) to model the data
from the tests on children aged 0.5, 1.6, 2.4, and 5.5 years in the Seychellois
population. Developmental milestones, including age of walking and talking, were
also used in this assessment. A number of dose–response models were considered, together with sets of covariates and definitions of background responses.
Responses were modelled as continuous or quantal data. The 95% lower bound
on the 10% benchmark-dose level (BMDL) was deemed to represent a conservative estimate of the traditional NOAEL. The modelling of the benchmark dose using
a variety of BMD analysis methods yielded a range for BMDL10 of 21.6 to 26.6 ppm
for methylmercury in maternal hair. This BMDL was converted to an expected distribution of daily ingestion rates across a population of women of child-bearing age
in the United States, by using a Monte-Carlo analysis with a physiologically-based
pharmacokinetics model for methylmercury. This analysis addresses the impact
of interindividual pharmacokinetic variability on the relationship between ingestion rate and concentration of methylmercury in hair. The resulting distribution
had a geometric mean value of 0.00160 mg/kg per day (SD, 0.00133). The first,
fifth, and tenth percentiles of that distribution were 0.00086, 0.00104, and
0.00115 mg/kg per day, respectively. The authors concluded that the fifth percentile
of 0.00104 mg/kg per day provides a scientifically sound and conservative basis

Table 3. Benchmark (BMDLa) concentrations of mercury in maternal hair (ppm),
study in the Seychelles
Type of
data

Definition of
abnormal

Covariates

Model

No. of BMDLs
calculated
under each
set of
assumptions

Average

Range

Continuous

Response >
SDs from
the mean
response

None

Weibull

12

26.6

25.3–29.0

Logistic
K-power

12
12

26.7
26.1

25.3–29.1
24.7–27.8

Weibull

12

25.0

23.1–27.2

Logistic
K-power
Weibull
Logistic
K-power
Weibull
Logistic
K-power

12
12
12
12
12
12
12
12

25.0
24.4
25.4
25.4
24.5
24.8
24.7
24.9

23.0–27.3
20.0–26.7
23.5–30.1
23.3–30.3
19.4–26.8
23.4–27.2
23.2–27.2
23.2–26.9

Weibull

17

21.6

15.8–23.7

Lowest 5% of
responses

Quantal
a

95% statistical lower bound on concentration of mercury in maternal hair associated with
an increase of 0.1 in the probability of an adverse effect
SD, standard deviation
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for an intake limit, that it incorporates the pharmacokinetic variability across the
population of women of child-bearing age in the United States, and that no other
uncertainty factor for interindividual variability is needed.
New Zealand
Calculations of BMD and additional regression analyses of data from the study
in New Zealand in which scores from 26 scholastic and psychological tests administered to 237 children aged 6 and 7 years were correlated with prenatal exposure
to mercury as measured by concentration of mercury in maternal hair. The original analyses of five test scores found an association between high prenatal exposure to mercury and decreased test performance, using categorical variables for
exposure to mercury. Regression analyses, which used the actual concentration
of mercury in hair, did not find significant associations between mercury and children’s test scores. However, this finding was highly influenced by the results for
a single child whose mother had the highest concentration of mercury in hair

Table 4. Benchmark levels of mercury in maternal hair (mg/kg), New Zealand
Neurological test

All children
BMDa

BMDLb

Omitting child with
highest concentration of
mercury in maternal hair
BMDa

BMDLb

Abnormal outcome defined so that lowest 5% of test scores in unexposed children are
abnormal (p0 = 0.05)
TOLD-SL
45
20
15
9.5
WISC-RP
73
24
15
10
WISC-RF
51
21
15
10
MCC-PP
32
17
13
7.4
MCC-MOT
55
21
21
9.8
Abnormal outcome (xo) defined as test score of two SD below the mean in standard
reference population
TOLD-SL
22
9.4
7.1
4.0
WISC-RP
110
31
WISC-RF
MCC-PP
MCC-MOT
a

Average concentration of mercury (mg/kg) in maternal hair during pregnancy predicted
to cause an additional 10% of children to have an abnormal test score
b
95% lower bound on BMD
c
In order to achieve normally distributed residuals, -Ln [10] test score was used as the
independent variable
TOLD-SL, test of language development—spoken language
WISC-RP, Wechsler intelligence scale for children—revised performance IQ
WISC-RF, Wechsler intelligence scale for children—revised full-scale IQ
MCC-PP, McCarthy scales of children’s abilities perceptual—performance scale
MCC-MOT, McCarthy scales of children’s abilities—motor scale
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(86 mg/kg) in the cohort. When this child was excluded, the results were more
indicative of an effect of mercury and scores for six tests were significantly associated with the concentration of mercury in the mother’s hair. BMDs for mercury
in maternal hair, calculated from results of five tests, ranged from 32 to 73 mg/kg,
and corresponding BMDLs (lower 95% confidence limits on BMDs) ranged from
17 to 24 mg/kg. When the child with the highest concentration of mercury in maternal hair was omitted, BMDs ranged from 13 to 21 mg/kg and the corresponding
BMDLs ranged from 7.4 to 10 mg/kg (Crump et al., 1998). The corresponding
ingestion rates for the average BMDLs, with and without results for this child, are
about 1.4 and 1.2 mg/kg bw per day, respectively.

3.

ESTIMATED DIETARY INTAKE

3.1

Environmental sources of mercury and methylmercury

Methylmercury is produced from inorganic mercury by bacteria found at the
bottom of lakes and seas. It is taken up into the flesh of living organisms in the
aquatic environment and is known to bioaccumulate in piscivorous species.
Numerous studies have shown that older and larger predatory fish species, such
as shark and swordfish, contain the highest concentrations of methylmercury,
occasionally surpassing 5 mg/kg of flesh, wet weight. Consumption of fish is the
predominant route of exposure to methylmercury. Mercury in foods other than
seafood is predominantly found as inorganic mercury.
The estimated intake of methylmercury from all sources is 2.41 mg/day (WHO,
1990). Mercury is found in air at concentrations of <10 ng/m3, with mono- and
dimethylmercury comprising approximately 20% of the total. The resulting intake
from air is <0.04 mg/day, an insignificant contribution to total intake of methylmercury. In water, concentrations of total mercury range from 10 to 50 ng/l, however,
any methylmercury produced in water is rapidly removed by biota; in unpolluted
waters, the concentration of mercury is <1 ng/l. The intake of methylmercury resulting from drinking 2 l of water would be <0.002 ng/day, also an insignificant contribution to total intake.
3.2

Biomarkers of exposure

The two most-studied biomarkers of exposure to methylmercury are hair and
blood. Numerous studies have examined the relationship between intake of
mercury and methylmercury, and consequent concentrations in hair, blood, urine,
and faeces over time (Pesch et al., 2002; Sanzo et al., 2001; Pellizzari et al., 1999;
Batista et al., 1996). The analysis of urine is more suited to examining total exposure to mercury, especially that resulting from the use of mercury in dental amalgams (Pesch et al., 2002). Analysis of faeces has not been useful for examining
exposure to methylmercury.
During the course of a survey of current hair concentrations of mercury in five
districts in Japan, it was found that thioglycolate contained in the lotion frequently
used for artificial waving removes mercury from hair. The concentration of mercury
in unwaved hair is relatively constant as a function of distance from the hair root,
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while the concentration of mercury in waved hair declines steadily with distance
from the root. Such treatment reduced mercury content by as much as 50%.
Failure to take into account the use of such lotion and the distance of a hair
segment from the root could introduce error into the dose–response/dose–effect
relationship estimated in studies that rely on concentration of mercury in hair as
the biomarker of exposure (Yasutake et al., 2003).
The ratio of mercury in blood : hair has been explored and modelled. Assuming steady dietary conditions, the concentration of mercury in a hair when it forms
is approximately 250 times higher than that in blood (WHO, 1990). Thus, analyses of either blood or hair strands could provide an estimate of recent exposure
to methylmercury. Analysis of hair is the preferred method because it is noninvasive and represents a time course of exposure to methylmercury as the
strand grows approximately one centimetre per month.
Numerous investigations in populations that eat large quantities of fish, such
as native populations living by subsistence in the Great Lakes region and the
Pacific Northwest of the United States, Inuit women in Northern Quebec, Canada,
and in Munduruku Indians of the Tapajos River basin in Brazil, have revealed that
hair and blood concentrations of methylmercury are elevated in these populations
relative to those in populations that eat a more varied diet (Gerstenberger et al.,
1997; Marien & Patrick, 2001; Muckle et al., 2001; Oliveira Santos et al., 2002).
In a study published in 2003, investigators following medical patients in an urban
setting in a California clinic noted that 89% had blood concentrations of methylmercury that were above the maximum of 5.0 mg/l (corresponding to a reference dose
of 0.1 mg/kg bw per day) recommended by the United States Environmental Protection Agency. Self-reported intakes of fish for this group as a whole were high
compared with the average in the United States. High intakes of large predatory
fish, such as swordfish, were significantly associated with elevated concentrations of mercury in blood. These findings are in agreement with those of other
researchers (Hightower & Moore, 2003).
In studies of biomarkers of exposure to methylmercury, when participants are
asked to stop consuming seafood, significant reductions in measured concentrations of methylmercury in hair and blood are observed. Table 5 gives an overview
on reports published since 1996.
3.3

Concentrations of methylmercury in seafood

Fish and shellfish consume aquatic organisms that contain methylmercury. It
has been estimated that methylmercury comprises 75–100% of the total mercury
in seafood. The concentration of methylmercury in a given species of fish is
dependent on the animal’s diet, size, and age. Piscivorous fish are known to
contain the highest concentrations of methylmercury in their flesh. Generally, concentrations are <0.4 mg/kg, but fish at the highest trophic levels may contain
methylmercury at concentrations of >5 mg/kg. Reported concentrations of
methylmercury in fish (WHO, 1990) are listed in Table 6.
Since 1997, a number of papers have been published concerning concentrations of mercury and methylmercury in seafood caught in specific regions of the

Representative

Total Hg, urineb

Total Hg, hair

Total and MeHg, blood

Total Hg, hair
Total Hg, blood

Total, MeHg, blood,
hair

Total Hg, hair

Total Hg, hair
Total Hg, hair, blood

Germany

Japan

Portugal

Spain

Sweden

UK

USA

Total Hg, hair, blood
Total Hg, blood

Pregnant
women
Representative
Women aged
16–49 years
Women aged
15–45 years
Indigenous
Representative

Pregnant
women

Children
Representative

Yes
Yes

No

No
No

No

Yes

No
Yes

Yes

Yes

No

No

Yes

Yes

Elevated
consumption
of fish?

0.83 mg/g
14.5 mg/l

0.4 mg/g

0.3 mg/g
1.2 mg/l

0.19 mg/g

0.35 mg/g (hair)
1.3 mg/l (cord blood)

0.8 mg/g
11–22 ng/g

2.7 ng/kg

1.76–3.37 mg/g

0.4–2.0 mg/l

0.42 mg/g (China)
0.78 mg/g (Indonesia)
2.1–4.9 mg/g (Japan)

4.4 mg/g

14.45 mg/g (aged 7–12 years)
15.7 mg/g (aged 14–44 years,
female)
14.1 mg/g (others)

Concentration of mercury
(mean, or range of means,
as noted)

b

Italic typeface serves to differentiate the form(s) of mercury analysed and the biomarker reported in the table
Inorganic mercury
Hg, mercury
MeHg, methylmercury

a

Representative

Total and MeHg, hair

China
Indonesia
Japan

MeHg, hair

Indigenous

Representative

Total Hg, hair, blood

Canada

Children

Indigenous

Total Hg, hair, blood

Brazil

Population

Biomarker

Country

Table 5. Studies of biomarkers of exposure to mercury and methylmercury

Gerstenberger et al. (1997)
Hightower & Moore (2003)

Smith et al. (1997)

Pellizzari et al. (1999)
NHANES (2001)

Lindlow et al. (2003)

Bjornberg et al. (2003)

Batista et al. (1996)
Sanzo et al. (2001)

Evens et al. (2001)

Yasutake et al. (2003)

Becker et al. (2003)

Feng et al. (1998)

Muckle et al. (2001)

Oliveira Santos et al. (2002)

Reference
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Table 6. Estimated concentrations of mercury in
fish
Fish species

Concentration of mercury (mg/kg of fish)

Mackerel
Sardine
Tuna
Swordfish
Shark
Other

0.07–0.25
0.02–0.3
0.03–1.2
0.06–0.8
0.004–1.8
0.03–0.3

From WHO, 1990

ocean or in local waters. In Japan, 360 samples from 28 species of seafood available at a Tokyo fish market were analysed as part of an overall assessment of
mercury intake. Concentrations of methylmercury were not measured; for the
assessment of exposure, it was assumed that 75% of the total mercury was
methylmercury. Large fish, such as tuna and swordfish, were found to contain
the highest concentrations of total mercury, as much as 5.2 mg/kg for tuna, and
3.01 mg/kg for swordfish. Most species contained mercury at a concentration of
<1 mg/kg, with salmon, prawn, and smelt containing 1–1.5 mg/kg (based on 32, 22,
and 8 samples, respectively). The authors concluded that, on the basis of comparison with data obtained in 1975, concentrations of mercury in commercially
available seafood in Tokyo have risen, particularly in predatory species (Nakagawa
et al., 1997).
Four papers concerning concentrations of mercury and methylmercury in fish
caught off the Italian coasts of the Adriatic and Mediterranean Seas were published between 2000 and 2002. In the first paper, total mercury in megrim (112
samples), common sole (100 samples), striped mullet (312 samples), anglerfish
(120 samples), and black-bellied angler (156 samples) caught in the South Adriatic Sea was measured. These species represent a mix of benthic (bottom-feeding)
and pelagic (open sea-feeding) fish. The pelagic species (megrim, sole, and mullet)
contained mercury at a concentration of 0.4, 0.2 and 0.3 mg/kg, respectively, with
all samples containing <1 mg/kg. The benthic anglerfish species contained concentrations of mercury as high as 2.22 mg/kg, with means of 1.3 mg/kg for anglerfish and 0.7 mg/kg for black-bellied angler. The authors suggest that these results
can be ascribed to feeding behaviours. A correlation between size of fish and concentration of mercury was also observed in each species (Storelli & Marcotrigiano,
2000).
The second paper was concerned with swordfish and bluefin tuna caught in
the Mediterranean Sea. Higher concentrations of mercury were observed in bluefin
tuna (169 samples) than in swordfish (162 samples), with a mean of 1.02 mg/kg
for tuna (range, 0.07–4.26 mg/kg) as opposed to a mean of 0.49 mg/kg (range,
0.15–1.05 mg/kg) for swordfish. In a given weight range, concentrations of mercury
in tuna were approximately four times higher than those in swordfish. The authors
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again attributed these results to feeding behaviours, as well as the fact that as
tuna has a slower rate of growth than swordfish, and takes a longer time to reach
a given weight. A correlation between size and mercury concentration was
observed. In light of overall intake of tuna and regulatory limits in place in the European Community, the authors suggest that limits on the size of tuna might be necessary to control exposure to mercury (Storelli & Marcotrigiano, 2001).
The third paper concerned mercury and methylmercury in tuna and sharks
taken in the Adriatic Sea. The average concentration of mercury in spiked dogfish
(Squalus acanthias) was 6.5 mg/kg, an extremely high level. This species of shark
is long-lived, slow to grow and reproduce, and additionally frequently feeds on or
near the sea bottom. Bullet tuna and blue shark had much lower concentrations
of mercury. Methylmercury content ranged from 69% to 100% of the total mercury
(Storelli et al., 2001).
The fourth paper was concerned with mercury and methylmercury residues in
bluefin and albacore tuna, two species of great commercial importance caught in
the Mediterranean Sea off the coast of Italy. The average concentration of mercury
in each species exceeded 1 mg/kg, ranging from 0.84 to 1.45 mg/kg for albacore
(127 samples; average, 1.17 mg/kg) and from 0.16 to 2.59 mg/kg for bluefin (161
samples; average, 1.18 mg/kg). Methylmercury comprised >90% of the total
mercury for each species (range, 75–100%; average, 91%). Age and body weight
were again positively correlated with mercury concentrations in the fish. The
authors note that the concentrations observed were higher than those reported in
the literature for tuna species, but suggest that direct comparison is difficult owing
to lack of information on fish age and size and insufficient sample sizes in the
reports in the literature (Storelli et al., 2002).
Mercury concentrations in commonly consumed fish in Croatia were examined
in 2003. Hake (three samples) was found to contain mercury at an average concentration of 0.375 mg/kg. Anchovies, sardines, bogue, mackerel, and mussels all
contained mercury at an average concentration of <0.28 mg/kg (Juresa & Blanusa,
2003)
In 2001, the United States Food & Drug Administration released the results of
a survey of concentrations of mercury in a large variety of fish and shellfish. Four
species, (tilefish, swordfish, king mackerel, and shark) were found to contain
the highest average concentrations of mercury (1.45, 1.00, 0.73, and 0.96 mg/
kg, respectively). Only three of the remaining 34 species examined contained
mercury at average concentrations >0.5 mg/kg (red snapper, moonfish, and orange
roughy). Tinned tuna, the most commonly consumed fish in the United States, was
found to contain mercury at an average concentration of 0.17 mg/kg (248 samples),
while the average concentration in fresh tuna was 0.32 mg/kg, thus in agreement
with the observation cited above that concentrations of mercury in tuna caught in
the Mediterranean and Adriatic Seas are higher than those in tuna taken in other
waters (Food & Drug Administration, 2001)
Typical concentrations of mercury found in seafood, which have been published
since 1997, are summarized in Table 7. The Committee noted that no information
has been published suggesting that concentrations of methylmercury in seafood
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Table 7. Reported concentrations of mercury in seafood
Country

Common name of fish
(where available)

Concentration
of mercury
(mean, or
range
reported,
mg/kg)

No. of
samples

Reference

Bangladesh

Three species

0.013–0.101

105

Joiris et al. (2000)

Brazil

Carnivorous and
detritivorous fish, filterfeeding bivalves

0.01–0.19

291

Kehrig et al. (2001)

Croatia

Hake, sardine, mussel,
bogue mackerel,
anchovy

0.134–0.373

61

Juresa & Blanusa
(2003)

Italy

Skates, rays, bonito,
mackerel

0.07–1.56

1310

Storelli et al. (1998)

Italy

Swordfish, tuna

0.15–4.26

331

Storelli &
Marcotrigiano (2001)

Italy

Megrim, sole, mullet,
anglerfish

0.19–0.68

600

Storelli &
Marcotrigiano (2000)

Italy

Tuna

1.17

288

Storelli et al. (2002)

Italy

Tuna, shark

0.38–6.5

NA

Storelli et al. (2001)

Kuwait

Seven species

0.073–3.27

330

Al-Majed & Preston
(2000)

New Zealand

Marine fish
Tuna

0.45
0.21

34
10

GEMS/Food

Slovakia

Shark
Catfish
Mackerel

0.48
0.25
0.29

15
8
36

GEMS/Food

Tunisia

Sardines

0.19–0.42

271

Joiris et al. (1999)

USA

40 species

0.04–1.45

2663

Food & Drug
Administration
(2001)

NA, not applicable

are changing systematically. When fish have been serially collected in waters
where pollution has increased, elevated concentrations of methylmercury have
been observed. Conversely, cleaner waters have yielded seafood with lower concentrations of methylmercury. This suggests that knowledge of environmental conditions in the waters where fish are harvested is a paramount consideration for
estimating exposure to methylmercury from consumption of seafood, and subsequent development of advisories concerning the potential health impacts of such
consumption.
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3.4

Intake assessment

3.4.1.

National estimates of intake
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The Committee received intake assessments from France, Australia, Japan
and New Zealand. Additionally, an assessment of exposure to methylmercury in
the United States was published in 2002.
(a)

France

The French assessment included concentrations of methylmercury for 92
seafood products. Concentrations below the limit of detection (9/2648 analyses)
were assumed to contain methylmercury at the limit of detection (not reported).
Data on fish consumption came from the 7-day French national food consumption
survey, INCA, in 1999. Only consumers of one or more of the 92 seafood products were considered. The highest concentrations of methylmercury were found in
dogfish (shark) (1.557 mg/kg). The median, mean, and 97.5th percentile intakes of
methylmercury were 0.38, 0.63, and 2.75 mg/kg bw per week, respectively; these
were calculated using a deterministic method, combining mean concentrations of
methylmercury in fish with intakes of fish. A probabilistic approach using all of the
available data yielded median, mean, and 97.5th percentile weekly intakes of 0.55,
1.34, and 7.54 mg/kg bw, respectively. When fish containing mercury at concentrations greater than the maximum national limits set (0.5 mg/kg for non-predatory
species and 1.0 mg/kg for predatory species) are excluded from the probabilistic
model, the resulting estimated exposures are reduced to 0.44, 0.93, and 4.8 mg/kg
bw, respectively. The results from the probabilistic model suggest that intake for
high consumers in France is at or above the PTWI, while the deterministic model
does not result in exposures above the PTWI. The report concludes that the probabilistic method, which allows high concentrations of methylmercury to be combined with high intakes of fish, is more realistic than the deterministic method
(INCA, 2003).
(b)

New Zealand

The assessment by New Zealand combined concentrations of total mercury in
foods surveyed for the New Zealand Total Diet studies (1990/1991 and 1997/1998)
with data on food consumption taken from the 24-h recall New Zealand national
nutrition survey (1997). More than 100 food classes were analysed for mercury.
No differentiation between concentrations of total and methylmercury was
reported. Consequently, it is not possible to directly calculate intake of methylmercury from the data submitted. Nonetheless, the report notes that marine fish was
the major food contributing to intake of total mercury for the population aged ≥ 15
years (76%), and for women aged 16–44 years (75.8%). If it is assumed that
all of the mercury in marine fish is methylmercury and that all of the mercury in
other foods is inorganic, the estimated mean intake of methylmercury would be
4 mg/person per day, with that at the 95th percentile being 14 mg/person per day
(for persons aged ≥ 15 years). The report notes that these are overestimates owing
to the use of 1-day recall data on food intakes. The 95th percentile intake would
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be approximately 50% of the PTWI (Food Standards Australia New Zealand,
2003).
(c)

Australia

The assessment by Australia was conducted in a manner parallel to that of
New Zealand. Data on food intake were taken from the 24-h recall Australian
national nutrition survey, in 1995. Mercury concentrations were determined for 90
food classes from the 1992 national residue survey, the “metals in meat” survey,
and the Australian government analytical laboratories. Median concentrations were
used “to represent the ‘most likely’ level of contamination in a positively skewed
distribution of concentration data”. As with the assessment from New Zealand, it
is not possible to directly calculate the exposure to methylmercury because no differentiation between total mercury and methylmercury was reported. The Australian report also notes that marine fish was the major food contributing to intake
of total mercury for the population aged ≥ 2 years (69%), as well for women aged
16–44 years (65.5%). Making similar assumptions to those used above for the
New Zealand assessment (that is, assuming that all of the mercury in marine fish
is methylmercury and that all of the mercury in other foods is inorganic), mean
intake of methylmercury for the population aged ≥ 2 years could be estimated to
be 6 mg/person per day, with that at the 95th percentile being 17 mg/person per day.
The Australian report also notes that these are overestimates owing to the use of
1-day recall data on food intakes. The 95th percentile intake is approximately 60%
of the PTWI (Food Standards Australia New Zealand, 2003).
(d)

Japan

Results of a Japanese total diet study were submitted. For the most recent
year for which data are available, 1999, the daily intake of total mercury in the diet
was 9.7 mg/person per day. The daily dietary intake averaged over the years
1990–1999 was 8.6 mg/person per day (Japan, 2003).
(e)

United States

Modelled long-term intake of methylmercury from the consumption of seafood
was examined and compared with hair and blood biomarkers in the United States
population. Information from dietary records derived from a 2-day survey was modified to reflect consumption over a year, assuming a range of allowable meal sizes.
A range of concentrations of methylmercury in fish was combined with the modified daily intakes to arrive at an estimate of intake that was compared with modelderived estimates of intake using biomarkers. The mean, “eaters-only” estimated
intake was 0.04 mg/kg bw per day for all ages and 0.08 mg/kg bw per day for children aged 2–5 years. The estimates derived from biomarkers were consistent with
the estimates derived from modelled seafood intake for adults. The estimates
derived from biomarkers for children were lower than those derived from survey
data on seafood intake. Several possible model-related explanations were proposed to explain this difference in children, but it was not possible to determine
conclusively the source of the discrepancy. (Carrington & Bolger, 2002)
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Table 8. National estimates of intake of methylmercury
Median

Mean

95th percentile

97.5th percentile

Australia

ND

6 mg/person
per day
0.7 mg/kg bw
per week

17 mg/person
per day
1.95 mg/kg bw
per week

ND

France

0.55 mg/kg bw
per week
0.38 mg/kg bw
per week
(deterministic)

1.34 mg/kg bw
per week
0.63 mg/kg bw
per week
(deterministic)

ND

7.54 mg/kg bw per
weeka

Japan

ND

9.7 mg/person
per day

ND

ND

New
Zealand

ND

4 mg/person
per day
0.5 mg/kg bw
per week

14 mg/person
per day
1.63 mg/kg bw
per week

ND

2.75 mg/kg bw per week
(deterministic)

a

When fish containing mercury at higher concentrations than the maximum residues
levels for the European Union (0.5 ppm for non-predatory species, 1 ppm for predatory
species) are excluded from the probabilistic model, this figure is reduced to 4.8 mg/kg bw.
ND, not determined

The national estimates of exposure are summarized in Table 8.
In addition to these assessments, submitted by Member countries in response
to the call for data, the Committee also considered information on exposure to
methylmercury published since the re-evaluation made by the Committee at its
fifty-third meeting (Annex 1, references 143 and 144). In 2003, the results of the
20th Australian Total Diet Study were published. Intake of total mercury was
reported to be as high as 0.09 mg/kg bw per day for people aged > 2 years. Exposure to methylmercury was not considered separately from exposure to total
mercury, but it can be seen that using assumptions similar to those discussed for
the Australian national intake estimate above yields consistent estimates of exposure to methylmercury for the Australian population (Australia, 2002).
In 2001, investigators reported on exposure to methylmercury from fish consumption and dental amalgams in a population of school age, in Portugal. The children reported eating fish weekly. The concentrations of methylmercury in the fish
consumed, 14–24 mg/kg, were relatively low. Measures of blood and urine were
taken at baseline, after placement of dental amalgams, and at a 1-year follow-up.
The author concluded that dietary intake of methylmercury was not a significant
source of exposure to mercury in this population. They also noted that concentrations of methylmercury in blood and hair in these children were much lower than
those for the children followed in the Seychelles child development study or the
study in the Faroe Islands (Evens et al., 2001).
Exposure analyses for three native American populations and two groups of
recreational anglers were published in 2001. The participants’ intakes of fish were
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surveyed and levels of contamination with methylmercury were measured. More
than 90% of one of the populations of recreational angler surveyed (freshwater
fishermen) was found to eat fewer than 104 meals containing fish per year (<2 per
week). Concentrations of methylmercury in all fish species consumed by this population were <0.5 mg/kg. Estimated intakes of methylmercury were all <0.08 mg/kg
bw per day. Saltwater recreational anglers consumed fish species that generally
contained methylmercury at <0.03 mg/kg and were also found to be exposed to
methylmercury at <0.08 mg/kg bw per day. The three native American populations
ate much more fish than the recreational anglers (>100 g/person per day). Within
these populations, it was reported that consumption of chinook salmon resulted in
methylmercury intakes as high as 0.17 mg/kg bw per day. This intake is approximately one-third of the PTWI (Marien & Patrick, 2001).
Investigators reported estimates of mercury intake for a cohort of individuals in
the Basque Country in Spain, on the basis of data collected for the European
Prospective Investigation into Cancer (EPIC). This population has a high consumption of fish, with a mean intake estimated at 606 g/week (87 g/day) and a 95th
percentile consumption of fish of 1252 g/week (180 g/day). The average concentration of mercury in white and blue fish (504 samples) consumed by this population was 89.5 and 81.5 mg/kg, respectively. It was assumed that 90% of the mercury
would be present in fish as methylmercury. The reported average intake of
methylmercury for men was 48 mg/week (7 mg/day), which is approximately onequarter of the PTWI (Sanzo et al., 2001).
Intake of methylmercury, as reflected by concentrations of mercury in hair, was
examined in an indigenous population living in the Tapajos River basin in Brazil.
This area is contaminated with mercury residues from nearby gold-mining operations. Additionally, this population has a high rate of consumption of fish. The fish
eaten were found to contain mercury at mean concentrations ranging from 0.042
to 0.419 mg/kg. Although no acute intoxication with mercury was noted, the mean
hair concentration of mercury in children aged 7–12 years was 14.45 mg/g and 15.7
mg/g in adult women aged 14–44 years. The authors concluded that this population is at risk of toxicity caused by exposure to mercury (Oliveira Santos et al.,
2002).
A study of metal intakes, including mercury, in a population in Catalonia, Spain
was published in 2003. This study used a total diet study approach to estimating
intake of the metals. Diets were derived from food intake data gathered in the late
1990s. Analytical information on the levels of mercury in foods were used with the
diets to estimate mean intake of mercury for “average” individuals in Catalonia in
five population groups; children, adolescents, male and female adults, and older
people. Mercury intakes ranged from 16.57 mg/day for children to 21.22 mg/day
for adult males. No attempt to differentiate methylmercury from total mercury
was reported. If it is assumed that only fish contribute methylmercury, and that
100% of the mercury in fish is present as methylmercury, methylmercury intakes
would range from 5 mg/day for children to 9 mg/day for adult males. The estimate
of intake for adult males is approximately 30% of the PTWI. The authors note that
these levels are lower than previously reported for this population (Llobet et al.,
2003).
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International estimates of intake based on WHO GEMS/Food diets

The “Estimates of dietary intake” section of the monograph prepared by the
Committee at its fifty-third meeting (Annex 1, reference 144) contains numerous
analyses of methylmercury intake, using both national data and international data
in the form of GEMS/Food estimates of food intakes (range of weekly intake for a
60-kg person, 0.3–1.5 mg/kg bw) as well as theoretical evaluations of intake scenarios. The data analysed by the Committee at its present meeting were not sufficiently different from those used at its fifty-third meeting to warrant amending their
estimates. The current Committee affirmed the results reported at the fifty-third
meeting.

4.

COMMENTS

4.1

Absorption, metabolism and excretion

In all experimental animal species evaluated, methylmercury was readily
absorbed (up to 95%) after oral exposure. Methylmercury crossed both the
blood–brain barrier and the placenta effectively, resulting in higher concentrations
of mercury in the brain of the fetus than of the mother. Methylmercury is eliminated
mainly via the bile and faeces, neonatal animals having a lower excretory capacity than adults.
4.2

Toxicological studies

In its previous assessment, the Committee reviewed many experimental results
that indicated that the developing nervous system, particularly in non-human primates, is a sensitive target for methylmercury. Experimental evidence indicates a
possible protective effect of selenium against some toxic effects of methylmercury,
but the results are conflicting.
4.2.1.

Observations in animals

Ataxia, paralysis, loss of coordination, and hind limb crossing are common neurological signs of exposure to methylmercury in rodents. Changes in behaviour,
decreased activity, and deficiencies in learning and memory have also been
observed. In rodents, neurotoxic effects attributable to methylmercury usually
become evident at doses that also affect other organ systems. The neurotoxic
effects observed in non-human primates were consistent with the symptoms of
Minamata disease, the syndrome observed in humans poisoned with methylmercury via consumption of contaminated seafood. The nature and severity of symptoms depend on dose and duration of exposure, and developmental stage.
Exposure of neuroepithelial cells to methylmercury in vitro resulted in disruption
of intracellular calcium homeostasis, induction of reactive oxygen species and
oxidative DNA damage, and inhibition of axonal morphogenesis and cell cycle
progression.
Treatment of pregnant female rodents with methylmercury induced abortion,
increased the frequency of fetal resorption and malformations, and reduced
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offspring viability. Methylmercury also affected the rodent immune system, reducing mast cell function and, at high oral doses, decreasing spleen and thymus cell
viability.
4.2.2.

Observations in humans

At its fifty-third meeting, the Committee noted that methylmercury is toxic to
the nervous system, kidney, liver and reproductive organs. At its present meeting,
the Committee confirmed that neurotoxicity is the most sensitive end-point. In
humans, the indices of neurotoxicity include neuronal loss, ataxia, visual disturbances, impaired hearing, paralysis and death. Both the central and peripheral
nervous systems show signs of damage.
Information about the neurotoxicity caused by chronic fetal exposure to low
doses of methylmercury has come primarily from epidemiological studies of populations in which fish consumption is frequent. The results of the neurodevelopmental assessments of 8-year-old children in the Seychelles study cohort were
consistent with those obtained in this cohort previously, and provide no evidence
for an inverse association between maternal exposure to methylmercury and neurodevelopmental effects in the children. Many of the neuropsychological test instruments included in the battery were the same as those used in the study in the
Faroe Islands and which had been observed to be associated with biomarkers of
prenatal exposure to methylmercury in 7-year-old children. Further analyses of the
results of assessments of the Seychellois children at the age of 5.5 years have
been published; these present alternative statistical approaches, adjustment for
additional potential confounding factors, and more detailed evaluation of specific
test scores. The results of these analyses do not alter the conclusion that in these
populations with frequent fish consumption, no adverse effects have been detected
that are attributable to prenatal exposure to methylmercury.
No new data were available from the main Faroe Islands study. Additional
analyses of the assessments of the cohort at 7 years of age were carried out
to explore the possibility of age- and test-dependent variation on susceptibility
to methylmercury. Analyses were also conducted to determine whether the
methylmercury-associated neuropsychological deficits observed in this cohort
were attributable to episodes of higher exposure to methylmercury during pregnancy (associated with consumption of whale meat), residual confounding due to
concomitant exposure to PCBs, and effects on children’s visual function. The
results did not support a role for any of these factors in the positive associations
observed in this study.
In a second smaller cohort (182 infants) assembled in the Faroe Islands, prenatal exposure to methylmercury was found to be inversely related to newborn
neurological status and to postnatal growth at 18 months of age. The association
was still present after adjustment for exposure to 28 PCB congeners and 18
organochlorine pesticides or their metabolites.
A few new epidemiological studies of neurodevelopment have been reported,
although these were cross-sectional rather than prospective in design, and
involved much smaller sample sizes than either the Seychelles or Faroe Islands
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studies, and, in most cases, exposure to higher concentrations of methylmercury.
A cross-sectional study of neurotoxic effects in adults reported significant mercuryassociated neurobehavioural deficits in persons whose current concentration of
hair mercury was <15 mg/kg. Because of the cross-sectional design of this study
and because the concentration of mercury in an adult’s hair does not accurately
reflect concentrations during the critical exposure period for neurodevelopment,
the Committee considered that these results could not form the basis of a
dose–response assessment.
Additional epidemiological studies have addressed issues such as reproductive toxicity, immunotoxicity, cardiotoxicity, and general medical status. With regard
to reproductive toxicity, a methylmercury-associated decrease in the ratio of male
: female births in the area of Minamata City during the period of peak pollution was
reported, but the ratio subsequently returned to control levels. In a case–control
study, higher concentrations of mercury were found in blood from couples experiencing fertility problems than from controls. With respect to cardiotoxicity, in a
cohort study, concentrations of mercury in hair of ≥ 2 mg/kg were associated with
a doubling of the risk of suffering an acute myocardial infarction and, over a 4-year
follow-up interval, with an increased risk for atherosclerotic disease. The results of
two large case–control studies of mercury exposure and coronary heart disease
were conflicting, one study reporting significantly higher concentrations of mercury
in the toenails of cases than of controls, whereas the other reported similar concentrations in the two groups. In the latter study, half the participants were dentists and had concentrations of toenail mercury that were twice as high as those
of non-dentists, suggesting that much of their exposure had been to metallic
mercury rather than to methylmercury. In another study, high fish consumption, the
primary route of exposure to methylmercury, was associated with an increased risk
of stroke, but no biomarkers of mercury exposure were measured. The Committee determined that the available evidence for the potential cardiotoxicity of
methylmercury was not conclusive, but noted that further studies were needed.
With regard to general health status, the prevalence rates of liver disease, renal
disease, and diabetes mellitus were not significantly increased in persons living
near Minamata Bay, although the frequencies of many neurological and neuromuscular symptoms were higher.
4.3

Dose–response assessments

The Committee concluded that neurotoxic effects resulting from exposure to
methylmercury in utero were the most sensitive health outcome. A number of
dose–response assessments have been conducted using the results of the three
major epidemiological studies of fetal neurotoxicity, conducted in the Faroe Islands,
the Seychelles, and New Zealand. These assessments were made on the basis
of evaluations of children at 7 years of age in the Faroe Islands study, 5.5 years
of age in the Seychelles Islands study, and 6 years of age in the New Zealand
study. A comprehensive dose–response assessment on the basis of the evaluations of the children in the Seychelles study at 8 years of age has not yet been
reported, but the study results were similar to those obtained at 5.5 years of age.
Mercury in maternal hair and/or umbilical cord blood served as the primary bio-
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markers of exposure to methylmercury in utero in the studies in the Faroe Islands
and the Seychelles. After consideration of numerous publications, the Committee
confirmed the validity of these biomarkers for both short-term (blood) and longerterm (hair) intake of methylmercury.
The concentration of mercury in maternal hair that corresponds to a noobserved-effect level (NOEL) for neurobehavioural effects was identified for the
study in the Seychelles, and a mathematical analysis of the concentration–
response relationship was used to determine a benchmark-dose lower-confidence
limit (BMDL) for the studies in the Faroe Islands and New Zealand. The Committee noted that the concentration of mercury in maternal hair for one child (out of
237) in the study in New Zealand was 86 mg/kg, more than four times the next
highest concentration in the study sample and had a heavy impact on the BMDLs.
The inclusion of this observation produced BMDLs of 17–24 mg/kg, while omitting
it produced BMDLs of 7.4–10 mg/kg. Because of uncertainty about which set of
BMDLs was most valid, the Committee decided to base the evaluation only on the
results of the studies in the Faroe Islands and the Seychelles (see Table 9). The
Committee noted, however, that the inclusion of the results of the study in New
Zealand did not materially alter its evaluation.
The Committee used the average from the two studies, 14 mg/kg, as an estimate of the concentration of methylmercury in maternal hair that reflects exposures that would have no appreciable adverse effect on the offspring in these two
study populations.
Calculation of steady-state ingestion of methylmercury (mg/kg bw per day) from
the concentration of mercury in maternal hair comprises two steps: conversion of
the concentration of methylmercury in maternal hair to that in maternal blood, and
conversion of the concentration of mercury in maternal blood into maternal intake.
The mean ratio of the concentrations of methylmercury in hair to those in blood
was determined in a number of studies, using samples from various study groups
and with a variety of analytical methods, and was usually in the range of 140–370.
The Committee used a value of 250 to represent the overall average ratio. The

Table 9. Estimated concentration of mercury in maternal hair at NOEL and
BMDL for neurotoxicity associated with exposure to methylmercury in utero
Study

n

NOEL/BMDL
(mg/kg maternal
hair)

References (17–22)

Faroe Islands

917

12.0

Budtz-Jorgensen et al. (1999a, 2000,
2001); United States National Research
Council (2000); Rice et al. (2003)

Seychelles

711

15.3

Agency for Toxic Substances and Disease
Registry (1999)

Average for
two studies

Not
applicable

14.0

—
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concentration of methylmercury in maternal blood that would be expected to have
no appreciable adverse effects on the offspring was calculated to be 0.056 mg/l,
determined by dividing aconcentration of mercury in maternal hair of 14 mg/kg by
the hair : blood ratio of 250.
In humans, the steady state concentration of mercury in blood can be related
to average daily intake using a one-compartment model that incorporates refinements (National Academy of Sciences/National Research Council, 2000) to the
original WHO (1990) formula, as follows:
where
C = mercury concentration in blood (mg/l)
b = elimination rate constant (0.014 per day-1)
V = blood volume (9% of body weight for a pregnant female)
A = fraction of the dose absorbed (0.95)
f = the absorbed fraction distributed to the blood (0.05)
bw = body weight (65 kg for a pregnant female)
d = dose (mg/kg bw per day)
The Committee used values appropriate to conversion during pregnancy, as
the fetal period is considered to be the most vulnerable stage of life. Despite an
elimination half-life for methylmercury of approximately 2 months, the maternal
body burden at term is determined largely by intakes during the second and third
trimesters of pregnancy.
Using this equation, the Committee determined that a steady-state ingestion
of methylmercury at 1.5 mg/kg bw per day would result in a concentration of mercury
in maternal blood that would have no appreciable adverse effects on offspring in
these two study populations.
4.4

Estimated dietary intake

At its fifty-third meeting, the Committee re-evaluated the safety of methylmercury-contaminated foods, and fish in particular. The re-evaluation included consideration of information on potential intake submitted by numerous national
bodies. For most populations, fish is the only significant source of methylmercury
in food. Generally, concentrations of methylmercury are <0.4 mg/kg, but fish at the
highest trophic levels may contain concentrations >5 mg/kg. Older and larger
predatory fish species and certain marine mammals contain the highest concentrations of methylmercury.
At its current meeting, the Committee updated its evaluations of national
intakes, adding intake information submitted by Australia, France, Japan, New
Zealand, Slovakia and the USA, and use of biomarkers of exposure for methylmercury. The Committee also evaluated information published between 1997 and 2003
on concentrations of mercury and methylmercury in various fish species, as well
as analyses of methylmercury intake by populations consuming large amounts of
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fish (>100 g per person per day). The Committee noted that overall methylmercury
concentrations in fish species were similar to those considered at the fifty-third
meeting and therefore concluded that the analyses of exposure conducted at the
fifty-third meeting remained current. These estimates range from 0.3–1.5 mg/kg bw
per week for the five regional GEMS/Food diets and from 0.1–2.0 mg/kg bw per
week for numerous national diets.

5.

EVALUATION

The Committee evaluated new information that had become available since
methylmercury was considered at the fifty-third meeting. This information included
the results of studies performed in laboratory animals and humans, and epidemiological studies of the possible effects of prenatal exposure to methylmercury on
child neurodevelopment. Neurodevelopment was considered to be the most sensitive health outcome, and life in utero the most sensitive period of exposure.
The calculations made in the dose–response assessment are based on
average values for each parameter, and did not allow for interindividual variability
in either the hair : blood ratio or in the elimination rate constant in the equation
shown above. Potential human variability was taken into account by the application of adjustment or uncertainty factors. In choosing the factors to apply to this
intake estimate, the Committee considered the following:
—Neurodevelopment is a sensitive health outcome, and life in utero is the critical period for the occurrence of neurodevelopmental toxicity as a result of
exposure to methylmercury. As the two study samples represent diverse populations, no uncertainty factor is needed to account for variation in vulnerability among subgroups.
—The available data on the hair : blood mercury ratio show both interstudy and
intersubject variability. No population-specific hair : blood ratios are available
for the populations of the Faroe Islands or the Seychelles. Most of the published means are within a range of 140–370. Few data were available to the
Committee on the range of individual hair : blood ratios, although the ratios
reported for humans in a limited number of studies were in the range of
137–585, including any analytical errors. The ratio of the overall average (250)
to the highest mean found (370) was 1.5 (370/250), while the ratio to the
highest individual value (585) was 2.3 (585/250). The Committee concluded
that the available data on the distribution of individual ratios were not adequate
to allow derivation of a chemical-specific adjustment factor, and decided to
apply a factor of 2 to the overall average of 250 to allow for the likely interindividual variation, which is indicated by the differences in study means and by
the limited individual data.
—Interindividual variation in pharmacokinetics should be taken into account when
converting the steady-state concentration of mercury in maternal blood to an
estimated daily intake. As limited data were available which were specific to
the study populations used in this assessment, the Committee recommended
the use of a combined uncertainty factor of 3.2(100.5) (WHO, 1999) to account
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for the total human interindividual variation for dose reconstruction (converting
maternal blood concentration to a steady-state dietary intake).
A steady-state intake of methylmercury of 1.5 mg/kg bw per day was estimated
to represent the exposure that would be expected to have no appreciable adverse
effects on children. A total uncertainty factor of 6.4 (2 ¥ 3.2) was applied to this
figure to derive a PTWI of 1.6 mg/kg bw. This PTWI is considered sufficient to
protect developing fetuses, the most sensitive subgroup of the population.
Pending reduction in the uncertainty associated with various aspects of the derivation of the steady-state intake from maternal concentrations of mercury in hair,
the Committee concluded that the uncertainty factor could be refined and possibly reduced. The Committee also reaffirmed its position that fish are an important
part of a balanced, nutritious diet and that this should be appropriately considered
in public health decisions to set limits for methylmercury concentrations in fish. The
Committee considered whether a provisional tolerable monthly intake PTMI rather
than a PTWI for methylmercury should be established, but deferred its decision
pending the outcome of the Joint FAO/WHO Project to Update the Principles and
Methods for the Risk Assessment of Chemicals in Food.
At its sixteenth meeting (Annex 1, reference 30), the Committee established a
PTWI for total mercury of 300 mg/person, of which no more than 200 mg should be
present as methylmercury. This PTWI of 3.3 mg/kg bw for methylmercury was confirmed at subsequent meetings. Since the PTWI for methylmercury was revised at
the current meeting, the Committee recommended that the PTWI for total mercury
also be revised.
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ANNEX 2
ABBREVIATIONS USED IN THE MONOGRAPHS

ADI
ADP
ALT
AST
AUC
AUEC
bw
Cmax
CI
CoA
CYP
DATEM
DNA
Emax
FAO
GLP
GRAS
GSFA
GSH
HPLC
IARC
IPCS
JECFA
LD50
LOD
LOEL
LOQ
MAFF
NAD
NADPH
NOEL
PCB
ppb
ppm
PTDI
PTMI
PTWI
S9
SD
v/v
v/w
w/w
WHO

acceptable daily intake
adenosine diphosphate
alanine transferase
aspartate transferase
area under the curve of concentration–time
area under the effect–time curve
body weight
maximum concentration
confidence interval
coenzyme A
cytochrome P450
diacetyltartaric and fatty acid esters of glycerol
deoxyribonucleic acid
maximum observed effect
Food and Agriculture Organization of the United Nations
good laboratory practice
“generally recognized as safe”
General Standard for Food Additives
glutathione
high-performance liquid chromatography
International Agency for Research on Cancer
International Programme on Chemical Safety
Joint FAO/WHO Expert Committee on Food Additives
median lethal dose
limit of detection
lowest-observed-effect level
limit of quantification
Ministry of Agriculture, Fisheries and Food
nicotinamide adenine dinucleotide
nicotinamide adenine dinucleotide phosphate, reduced form
no-observed-effect level
polychlorinated biphenyl
parts per billion
parts per million
provisional tolerable daily intake
provisional tolerable monthly intake
provisional tolerable weekly intake
9000¥ g supernatant of rat liver
standard deviation
volume per volume
volume per weight
weight per weight
World Health Organization
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ANNEX 4
ACCEPTABLE DAILY INTAKES, OTHER TOXICOLOGICAL INFORMATION, AND
INFORMATION ON SPECIFICATIONS

Food additives evaluated toxicologically
Food additive

Specificationsa

Acceptable daily intake (ADI
in mg/kg bw) and other
toxicological recommendations

a-Amylase from Bacillus licheniformis
containing a genetically engineered aamylase gene from B. licheniformis

N

ADI “not specified”d

Annatto extract (solvent-extracted
bixin)—“Annatto B”b

R, T

0–7 (temporary); for preparations
containing not less than 85%
pigment (as bixin, of which not
more than 2.5% is norbixin)c

Annatto extract (solvent-extracted
norbixin)—“Annatto C”

R, T

0–0.4 (temporary); for
preparations containing not less
than 85% pigment (as norbixin)c

Annatto extract (oil-processed bixin
suspension)—“Annatto D”

R, T

No ADI established, since no
data on toxicity were available

Annatto extract (aqueous-processed
bixin)—“Annatto E”

R, T

0–4 (temporary); for a
preparations containing not less
than 25% pigment (as bixin, of
which not more than 7% is nor
bixin)c

Annatto extract (alkali-processed
norbixin)—“Annatto F”

R, T

0–0.4 (temporary); for a
preparation containing not less
than 35% pigment (as norbixin)c

Annatto extract (alkali-processed
norbixin, not acid-precipitated)—
“Annatto G”

R, T

No ADI established, since no
data on toxicity were available

Curcumin

R

0–3

Diacetyltartaric and fatty acid esters
of glycerol

—

0–50

D-Tagatose

R

0–125 (temporary)

Laccase from Myceliophthora
thermophila expressed in
Aspergillus oryzae

N

ADI “not specifiedd”

Mixed xylanase, b-glucanase enzyme
preparation, produced by a strain of
Humicola insolens

N

ADI “not specifiedd”

Neotame

N

0–2

Polyvinyl alcohol

N

0–50

Quillaia extract (type 1)e

R

0–5
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Food additive

Specificationsa

Acceptable daily intake (ADI
in mg/kg bw) and other
toxicological recommendations

Quillaia extract (type 2)e

N

No ADI established owing to
limited information on the
qualitative and quantitative
composition

Xylanase from Thermomyces
lanuginosus expressed in Fusarium
venenatum

N

ADI “not specified”d

a

b

c

d

e

N: new specifications prepared; R: existing specifications revised; T: tentative
specifications
To ensure clarity of the text, the Committee adopted for this report the designations B,
C, D, E, F, G, as employed in the submitted information, to refer to the different extracts
under evaluation
The ADI is established for the extract as tested biologically and specified. It is not
expressed in relation to content of bixin and/or norbixin
ADI “not specified” is used to refer to a food substance of very low toxicity which, on the
basis of the available data (chemical, biochemical, toxicological and other) and the total
dietary intake of the substance arising from its use at the levels necessary to achieve
the desired effects and from its acceptable background levels in food, does not, in the
opinion of the Committee, represent a hazard to health. For that reason, and for the
reasons stated in the individual evaluations, the establishment of an ADI expressed in
numerical form is not deemed necessary. An additive meeting this criterion must be used
within the bounds of good manufacturing practice, i.e. it should be technologically
efficacious and should be used at the lowest level necessary to achieve this effect, it
should not conceal food of inferior quality or adulterated food, and it should not create a
nutritional imbalance
Quillaia extract (type 1): saponin content of 20–26%; quillaia extract (type 2): saponin
content of 75–90%

Food additives considered for specifications only
Food additive

Specificationsa

b-Carotene from Blakeslea trispora
Magnesium silicate
Monomagnesium phosphate
Natamycin
Sucrose esters of fatty acids
Talc
Trisodium diphosphate

R
R
S, T
R
R
R
R, T

a

R: existing specifications revised; S: specifications
maintained (revision considered but not required); T: the
existing specifications are tentative, information required
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Flavouring agents evaluated by the Procedure for the Safety Evaluation of
Flavouring Agents
A. Alicyclic, alicyclic-fused and aromatic-fused ring lactones
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

4-Hydroxy-4-methyl-5-hexenoic
acid g-lactone
(+/-) 3-Methyl-g-decalactone
4-Hydroxy-4-methyl-7-cis-decenoic
acid g-lactone
Tuberose lactone
Dihydromintlactone
Mintlactone
Dehydromenthofurolactone
(+/-)-(2,6,6-Trimethyl-2hydroxycyclohexylidene)acetic
acid g-lactone
Sclareolide
Octahydrocoumarin
2-(4-Methyl-2-hydroxyphenyl)
propionic acid g-lactone
3-Propylidenephthalide
3-n-Butylphthalide
3-Butylidenephthalide
Dihydrocoumarin
6-Methylcoumarin

1157

N

No safety concern

1158
1159

N
N

No safety concern
No safety concern

1160
1161
1162
1163
1164

N
N
N
N
N

No
No
No
No
No

1165
1166
1167

N
N
N

No safety concern
No safety concern
No safety concern

1168
1169
1170
1171
1172

N
N
N
R
N

No
No
No
No
No

a

safety
safety
safety
safety
safety

safety
safety
safety
safety
safety

concern
concern
concern
concern
concern

concern
concern
concern
concern
concern

N: new specifications prepared; R: revised specifications

B. Aliphatic di- and trienals and related alcohols, acids, and esters
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

2,4-Pentadienal
(E,E)-2,4-Hexadien-1-ol
trans,trans-2,4-Hexadienal
(E,E)-2,4-Hexadienoic acid
Methyl sorbate
Ethyl sorbate
2,4-Heptadienal
(E,E)-2,4-Octadien-1-ol
trans,trans-2,4-Octadienal
2-trans,6-trans-Octadienal
2,4-Nonadien-1-ol
2,6-Nonadien-1-ol
2,4-Nonadienal
Nona-2-trans-6-cis-dienal
2-trans-6-trans-Nonadienal
(E,Z)-2,6-Nonadien-1-ol acetate
(E,E)-2,4-Decadien-1-ol

1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

No safety concern
No safety concern
No safety concern
See footnoteb
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
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Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

2-trans,4-trans-Decadienal
Methyl (E)-2-(Z)-4-decadienoate
Ethyl trans-2-cis-4-decadienoate
Ethyl 2,4,7-decatrienoate
Propyl 2,4-decadienoate
2,4-Undecadienal
trans,trans-2,4-Dodecadienal
2-trans-6-cis-Dodecadienal
2-trans-4-cis-7-cis-Tridecatrienal

1190
1191
1192
1193
1194
1195
1196
1197
1198

N
N
N
N
N
N
N
N
N

No
No
No
No
No
No
No
No
No

a
b

safety
safety
safety
safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern
concern
concern
concern

N, new specifications prepared
An ADI of 0–25 mg/kg bw was established at the seventeenth meeting. The ADI was
maintained and the use of the chemical as a flavouring agent subsumed in the ADI. R:
existing specifications revised

C. Aliphatic branched-chain unsaturated alcohols, aldehydes, acids, and
related esters
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

(+/-) 2-Methyl-1-butanol
3-Methyl-2-buten-1-ol
2-Methyl-2-butenal
3-Methyl-2-butenal
Ammonium isovalerate
3-Methylcrotonic acid
trans-2-Methyl-2-butenoic acid
Isobutyl 2-butenoate
2-Methylallyl butyrate
4-Methyl-2-pentenal
2-Methyl-2-pentenal
2-Methyl-2-pentenoic acid
2,4-Dimethyl-2-pentenoic acid
2-Methylheptanoic acid
Isobutyl angelate
2-Butyl-2-butenal
2-Isopropyl-5-methyl-2-hexenal
2-Ethyl-2-heptenal
2-Methyl-2-octenal
4-Ethyloctanoic acid
dl-Citronellol
Citronellal
3,7-Dimethyl-6-octenoic acid
Rhodinol
Geraniol
Nerol
Citral
8-Ocimenyl acetate

1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226

N
N
N
N
N
N
N, T
N
N
N
N
N
N
N
N
N
N
N
N
N, T
R
N
N
N
N
N
R
N

No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
See footnoteb
No safety concern
No safety concern
No safety concern
No safety concern
No safety concern
See footnoteb
No safety concern
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Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

2,6-Dimethyl-10-methylene-2,6,11dodecatrienal
3,7,11-Trimethyl-2,6,10-dodecatrienal
12-Methyltridecanal
Farnesol

1227

N

No safety concern

1228
1229
1230

N
N
N

No safety concern
No safety concern
No safety concern

a

b

N: new specifications prepared; R: existing specifications revised; T: the existing, new or
revised specifications are tentative and new information is required
A group ADI of 0–0.5 mg/kg bw expressed as citral, was established for citral, citronellol,
geranyl acetate, linalool and linalyl acetate at the twenty-third meeting. The ADI was
maintained and the use of the chemical as a flavouring agent subsumed in the ADI

D. Aliphatic and aromatic ethers
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

sec-Butyl ethyl ether
1-Ethoxy-3-methyl-2-butene
1,4-Cineole
Eucalyptol
Nerol oxide
2,2,6-Trimethyl-6-vinyltetrahydropyran
Tetrahydro-4-methyl-2(2-methylpropen-1-yl)pyran
Theaspirane
Cycloionone
1,5,5,9-Tetramethyl-13-oxatricyclo
(8.3.0.0(4,9))tridecane
Anisole
o-Methylanisole
p-Methylanisole
p-Propylanisole
2,4-Dimethylanisole
1-Methyl-3-methoxy-4isopropylbenzene
Carvacryl ethyl ether
1,2-Dimethoxybenzene
m-Dimethoxybenzene
p-Dimethoxybenzene
3,4-Dimethoxy-1-vinylbenzene
Benzyl ethyl ether
Benzyl butyl ether
Methyl phenethyl ether
Diphenyl ether
Dibenzyl ether
b-Naphthyl methyl ether
b-Naphthyl ethyl ether
b-Naphthyl isobutyl ether

1231
1232
1233
1234
1235
1236
1237

N
N
N
N
N
N
N

No
No
No
No
No
No
No

1238
1239
1240

N
N
N

No safety concern
No safety concern
No safety concern

1241
1242
1243
1244
1245
1246

N
N
N
N
N
N

No
No
No
No
No
No

safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern

1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259

N
N
N
N
N
N
R
N
N
R
N
N
N

No
No
No
No
No
No
No
No
No
No
No
No
No

safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern

a

N, new specifications prepared; R, existing specifications revised

safety
safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern
concern
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E. Hydroxypropenylbenzenes
Flavouring agent

No.

Specificationsa

Conclusions based on
current intake

Isoeugenol
Isoeugenyl formate
Isoeugenyl acetate
Isoeugenyl phenylacetate
Propenylguaethol
4-Propenyl-2,6-dimethoxyphenol
Isoeugenyl methyl ether
Isoeugenyl ethyl ether
Isoeugenyl benzyl ether

1260
1261
1262
1263
1264
1265
1266
1267
1268

N
N
N
N, T
N
N
N
N
N

No
No
No
No
No
No
No
No
No

a

safety
safety
safety
safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern
concern
concern
concern

N, new specifications prepared; T, T, the existing, new or revised specifications are
tentative and new information is required

F. Linear and branched-chain aliphatic unsaturated, unconjugated alcohols,
aldehydes, acids and related esters
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

Isoprenyl acetate
4-Pentenyl acetate
3-Hexenal
3-Hexenyl formate
Ethyl 5-hexenoate
cis-3-Hexenyl propionate
cis-3-Hexenyl isobutyrate
(Z)-3-Hexenyl (E)-2-butenoate
cis-3-Hexenyl tiglate
cis-3-Hexenyl valerate
3-Hexenyl 2-hexenoate
(Z)-4-Hepten-1-ol
Ethyl cis-4-heptenoate
(Z)-5-Octenyl propionate
(Z,Z)-3,6-Nonadien-1-ol
(E)-3,(Z)-6-Nonadien-1-ol
(E,Z)-3,6-Nonadien-1-ol acetate
9-Decenal
4-Decenoic acid
cis-4-Decenyl acetate

1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288

N
N
N
N
N,T
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

a

safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety
safety

concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern
concern

N, new specifications prepared; T, the existing, new or revised specifications are
tentative and new information is required
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G. Simple aliphatic and aromatic sulfides and thiols
Flavouring agent

No.

Specificationsa

Conclusion based on
current intake

erythro and threo-3-Mercapto-2methylbutan-1-ol
(+/-)2-Mercapto-2-methylpentan-1-ol
3-Mercapto-2-methylpentan-1-ol
(racemic)
3-Mercapto-2-methylpentanal
4-Mercapto-4-methyl-2-pentanone
(+/-) Ethyl 3-mercaptobutyrate
Ethyl 4-(acetylthio)butyrate
spiro(2,4-Dithia-1-methyl-8-oxabicyclo
(3.3.0)octane-3,3¢-(1¢-oxa-2¢-methyl)cyclopentane)
2-(Methylthio)ethanol
Ethyl 5-(methylthio)valerate
2,3,5-Trithiahexane
Diisopropyl trisulfide

1289

N

No safety concern

1290
1291

N
N, T

No safety concern
No safety concern

1292
1293
1294
1295
1296

N
N
N
N
N, T

No
No
No
No
No

safety
safety
safety
safety
safety

concern
concern
concern
concern
concern

1297
1298
1299
1300

N
N
N
N

No
No
No
No

safety
safety
safety
safety

concern
concern
concern
concern

a

N, new specifications prepared; T, the existing, new or revised specifications are
tentative and new information is required

Flavouring agents considered for specifications only
No.

Flavouring agent

Specificationsa

No.

Flavouring agent

Specificationsa

42
53
54
55
56
57
60
61
62
65
66
68
71
73
95
98
101
104
107
110
112
117
119
124

Isoamyl formate
Citronellyl formate
Geranyl formate
Neryl formate
Rhodinyl formate
Citronellyl acetate
Rhodinyl acetate
Citronellyl propionate
Geranyl propionate
Citronellyl butyrate
Geranyl butyrate
Rhodinyl butyrate
Citronellyl isobutyrate
Neryl isobutyrate
Heptanal
Octanal
Nonanal
Decanal
Undecanal
Lauric aldehyde
Myristaldehyde
Propyl formate
n-Amyl formate
Isobutyl formate

R
R,T
R
R,T
R
R
R
R
R
R
R
R,T
R
R
R
R
R
R
R
R
R
R
R
R

170
180
205
212

n-Amyl heptanoate
Methyl laurate
Methyl 2-methylbutyrate
2-Methylbutyl 2methylbutyrate
6-Hydroxy-3,7dimethyloctanoic acid
lactone
3-Heptyldihydro-5-methyl2(3H)-furanone
3,7-Dimethyl-1-octanol
2,6-Dimethyl-4-heptanone
2,6-Dimethyl-4-heptanol
cis-5-Octen-1-ol
cis-5-Octenal
cis-6-Nonenal
9-Undecenal
Linoleic and linolenic acid
(mixture)
Methyl cis-4-octenoate
Ethyl cis-4-octenoate
Methyl linoleate & Methyl
linolenate (mixture)
2,6-Dimethyl-6-hepten1-ol

R
R
R
R

237

244
272
302
303
322
323
325
329
332
337
338
346
348

R

R
R
R
R
R
R
R
R
R
R
R
R
R
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No.

Flavouring agent

Specificationsa

No.

Flavouring agent

Specificationsa

349
358
360
384
385
396
397
399
409
410
417
419
422

2,6-Dimethyl-5-heptenal
Linalyl formate
Linalyl propionate
b-Damascone
a-Damascone
Dehydrodihydroionone
Dehydrodihydroionol
Methyl-b-ionone
3-Hydroxy-2-pentanone
2,3-Pentadione
2,3-Undecadione
Ethylcyclo-pentenolone
3-Ethyl-2-hydroxy-4methylcyclopent-2-en1-one
5-Ethyl-2-hydroxy-3methylcyclopent-2-en1-one
Piperitone
l-Menthol ethylene glycol
carbonate
2-Methylthioacetaldehyde
4-(Methylthio)butanal
2-(Methylthio)methyl-2butenal
2,8-Dithianon-4-ene-4carboxaldehyde
Methylthiomethyl butyrate
Methylthiomethyl
hexanoate
Ethyl 3-(methylthio)
butyrate
S-Methyl 4methylpentanethioate
S-Methyl hexanethioate
1-Methylthio-2-propanone
Di(butan-3-one-1-yl)
sulfide
S-Methyl benzothioate
2-Ethylhexanethiol
4-Methoxy-2-methyl-2butanethiol

R
R
R
R
R
R
R
R,T
R
R
R
R
R

556

3-Mercaptohexyl
hexanoate
1-Mercapto-2-propanone
2-Keto-4-butanethiol
Allyl methyl disulfide
Methyl 1-propenyl disulfide
Propenyl propyl disulfide
Methyl 3-methyl-1-butenyl
disulfide
Methyl ethyl trisulfide
Allyl methyl trisulfide
Methyl 2-hydroxy-4methylpentanoate
Citronelloxyacetaldehyde
Ethyl 2,4-dioxohexanoate
3-(Hydroxymethyl)-2heptanone
1,3-Nonanediol acetate
(mixed esters)
Butyl ethyl malonate
Dibutyl sebacate
Ethyl aconitate (mixed
esters)
3-Methyl-2-oxobutanoic
acid, sodium salt
3-Methyl-2-oxopentanoic
acid, sodium salt
4-Methyl-2-oxopentanoic
acid, sodium salt
Linalyl cinnamate
Terpinyl cinnamate
p-Tolyl laurate
2-Phenylphenol
2,3,6-Trimethylphenol
Glyceryl monostearate
Glycerol 5hydroxydecanoate
Glycerol 5hydroxydodecanoate
Pyruvaldehyde

R

423

435
443
465
468
470
471
473
479
480
488
489
495
502
504
519
548

a

R

557
559
568
569
570
571
583
586
590
592
603
604
605

R
R
R
R
R

615
625
628
631.2

R,T

632.2

R
R

633.2

R
R
R
R
R

668
669
704
735
737
918
923
924

R,T
R
R

937

R,T
R
R
R
R,T
R
R
R
R
R
R
R
R,T
R,T
R
R,T
R,T
R,T
R,T
R
R
R
R
R
R
R
R
R

R, existing specifications revised; S, existing specifications were maintained; T, the
existing, new, or revised specifications are tentative and new information is required
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Evaluation of a water-treatment agent
Agent

Specificationsa

Tolerable daily intake (TDI) and other
toxicological recommendations

Sodium dichloroisocyanurate
(NaDCC)

N

0–2.0 mg/kg bw for anhydrous NaDCC;
applicable for intake from drinking-water
treated with NaDCC for the purpose of
disinfection

a

N, new specifications prepared

Evaluation of a nutritional source of iron
Source

Specificationsa

Toxicological recommendation

Ferrous glycinate
(processed with citric acid)

N

Suitable for use as a source of iron for
supplementation and fortification, providing
that the total intake of iron does not
exceed the provisional maximum tolerable
daily intake of 0.8 mg/kg bw per day

a

N, new specifications prepared

Contaminants
Contaminant

Tolerable intake and other toxicological recommendations

Cadmium
Methylmercury

Provisional tolerable weekly intake (PTWI) of 7 mg/kg bw (maintained)
Provisional tolerable weekly intake (PTWI) of 1.6 mg/kg bw

ANNEX 5
CORRIGENDA

Food Additive Series 50: Safety evaluation of certain food additives, 2003
page 336: The footnote to Table 1 incorrectly gives units as “mg/person per day”.
Units should be given as “mg/person per day”.
Food Additives Series 44: Safety evaluation of certain food additives and
contaminants, 2000
page 206 The NOEL for 2-mercapto-3-butanol is incorrectly reported as
1.9 mg/kg bw per day. The NOEL for 2-mercapto-3-butanol is 0.7 mg/kg
bw per day according to the study report by Cox et al. (1974).
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Flavouring agent

Minimum assay
value (%)

Secondary components

Tuberose lactone

(+/-)-(2,6,6,-Trimethyl-2hydroxycyclohexylidene)
acetic acid g-lactone

1160

1164

90%

45%

3.5–4.5% 2,9-Dimethyl 3,8decanedione; 3.5–4.5% 4Hydroxy-5,6-oxo b-ionone

28–35% g-Dodecalactone;
22–30% 2(3H)-Furanone,
dihydro-5-(2-octenyl)-(Z)

A. Alicyclic, alicyclic-fused and aromatic-fused ring lactones
1158 (+/-) 3-Methyl-g-decalactone 94%
1–2% heptan-1-ol
(sum of cis and
trans isomers)

No.

2,9-Dimethyl-3,8-decadione has not been evaluated
by the Committee However, the NOEL for another
diketone, 3,4-hexandione (No. 413) was >17 mg/kg
bw per day in a 90-day study in rats (Posternak
et al., 1969). A NOEL of 10 mg/kg bw per day was
reported for the structurally related substance, bionone (No. 389), in a 90-day study in rats (Gaunt
et al., 1983). Another 90-day study reported NOELs
of 11 and 13 mg/kg bw per day for males and
females, respectively (Oser et al., 1965).

The Committee has evaluated g-dodecalactone
(No. 235) and 2(3H)-furanone, dihydro-5-(2-octenyl)(Z) (No. 249) and concluded they were of no safety
concern at current levels of intake.

The Committee has evaluated heptan-1-ol (No. 94)
and concluded it was of no safety concern at current
levels of intake.

Comments on secondary components

Summary of the results of safety evaluations of secondary components of flavouring agents with minimum assay values
of less than 95%
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Flavouring agent

Minimum assay
value (%)

Secondary components

Comments on secondary components

1180

(E,E)-2,4-Octadien-1-ol

94%

2–4% (E,Z)-2,4-isomer

A 90-day study for the structurally related material
(E,E)-2,4-decadienal identified a NOEL of 100 mg/kg
bw per day (National Toxicology Program, 1997).

A 98-day study for the structurally related material
2,4-hexadienal showed a NOEL of 15 and 60 mg/kg
bw per day for male and female rats, respectively
(National Toxicology Program, 2001a).

The (E,Z) isomer is expected to share the same
metabolic fate as the (E,E) isomer: conversion to
the corresponding carboxylic acid by alcohol
dehydrogenase (ADH) (Pietruzko et al., 1973) and
ALDH (Feldman and Weiner, 1972) and entry into
the fatty acid cycle where it is metabolized and
excreted primarily as carbon dioxide and water
(Nelson and Cox, 2000).

B. Aliphatic, alicyclic, linear a,b-unsaturated, di- and trienals and related alcohols, acids and esters
1179 (E,E)-2,4-Heptadienal
92%
2–4% (E,Z)-2,4-isomer;
Both secondary components are expected to share
2–4% 2,4-heptadienoic
the same metabolic fate as the primary material.
acid
The (E,Z) isomer is expected to be converted to the
(E,E) form by the action of 3-hydroxy acyl CoA
epimerase and oxidized to 2,4-heptadienoic acid by
aldehyde dehydrogenase (ALDH) (Feldman &
Weiner, 1972). 2,4-Heptadienoic acid is a substrate
of the fatty acid cycle and is metabolized and
excreted primarily as carbon dioxide and water
(Nelson & Cox, 2000). A 98-day study with the
structurally related material 2,4-hexadienal showed a
NOEL of 15 and 60 mg/kg bw for male and female
rats, respectively (National Toxicology Program,
2001b).

No.
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Flavouring agent

2,4-Nonadien-1-ol

2,4-Nonadienal

(E,E)-2,4-Decadien-1-ol

2-trans,4-trans-Decadienal

No.

1183

1185

1189

1190

5–6% 2,4-nonadien-1-ol;
1–2% 2-nonen-1-ol

3–5% (E,Z) isomer

3–4% mixture of cis cis,
cis trans, and trans cis 2,4decadienals; 3–4% acetone
plus trace of isopropanol;
0.5% unknown.

92%

89%

4–5% 2-nonen-1-ol

Secondary components

89%

92%

Minimum assay
value (%)

The NOEL for (E,E)-2,4-decadienal was 100 mg/kg
bw per day (National Toxicology Program, 1997)
and 33.9 mg/kg bw per day (Damske et al., 1980) in
separate 90-day studies.

The (Z,Z), (Z,E) and (E,Z) isomers are expected to
share the same metabolic fate as the (E,E) isomer.
The aldehyde is converted to the corresponding
carboxylic acid by ALDH and then enters the fatty
acid cycle where it is metabolized and excreted
primarily as carbon dioxide and water (See Nos
1179 and 1180 above).

The (E,Z) isomer is expected to share the same
metabolic fate as the (E,E) isomer. The alcohol is
converted to the corresponding carboxylic acid by
ADH and ALDH and then enters the fatty acid cycle
where it is metabolized and excreted primarily as
carbon dioxide and water (see Nos 1179 and 1180).

2-Nonen-1-ol, see No. 1183 above.

2,4-Nonadien-1-ol (No. 1183) has been evaluated
by the Committee. It is expected to be oxidized and
completely metabolized in the fatty acid cycle (see
No. 1179 and 1180 above).

2-Nonen-1-ol is scheduled to be evaluated by the
Committee in 2004. It is expected to be oxidized to
the corresponding acid and metabolized in the fatty
acid cycle and excreted primarily as carbon dioxide
and water (see Nos 1179 and 1180 above).

Comments on secondary components
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Flavouring agent

Methyl (E)-2-(Z)-4decadienoate

Ethyl trans-2-cis-4decadienoate

No.

1191

1192

90%

93%

Minimum assay
value (%)

5–10% ethyl trans-2,trans4-decadienoate

5–7% (E,E) isomer

Secondary components

Ethanol is oxidized in vivo to acetic acid. The
Committee has evaluated acetic acid (No. 81) and
concluded that it was of no safety concern at present
intake levels. In a 63-day study in rats, the NOEL for
acetic acid was 350 mg/kg bw per day (Pardoe,
1952).

Separate 90-day studies on the related substance
(E,E)-2,4-decadienal identified NOELs of 100 mg/kg
bw per day (National Toxicology Program, 1997) and
33.9 mg/kg bw per day (Damske et al., 1980).

Readily hydrolysed to ethanol and (E,E)-2,4decadienoic acid which is a substrate for the fatty
acid cycle (see No. 1180 above).

Methanol is oxidized in vivo to formic acid. The
Committee has evaluated formic acid (No. 79) and
concluded that it was of no safety concern at current
intake levels. A NOEL of >400 mg/kg bw per day for
formic acid was identified in a 2-year study in rats
(Malorny, 1969).

Separate 90-day studies on the related substance
(E,E)-2,4-decadienal identified NOELs of 100 mg/kg
bw per day (National Toxicology Program, 1997) and
33.9 mg/kg bw per day (Damske et al., 1980).

Readily hydrolysed to methanol and (E,E)-2,4decadienoic acid which is a substrate for the fatty
acid cycle (See No. 1180 above).

Acetone (No. 139) and isopropanol (No. 277) have
been evaluated byt the Committee. Both substances
were concluded to be of no safety concern at
current intake levels.

Comments on secondary components
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trans,trans-2,4-Dodecadienal

2-trans-4-cis-7-cisTridecatrienal

1196

1198

71%

85%

Minimum assay
value (%)

14% 4-cis-7-cistridecadienol; 6% 3-cis-7cis-tridecadienol; 5% 2trans-7-cis-tridecadienal;
3% 2-trans-4-trans-7-cistridecatrienal

11–12% 2-trans-4-cis
isomer

Secondary components

NOELS for the related substance (E,E)-2,4decadienal were 100 mg/kgbw per day (National
Toxicology Program, 1997) and 33.9 mg/kg bw per
day (Damske et al., 1980) in separate 90-day
studies.

All secondary materials are expected to oxidized to
the corresponding acids and enter the fatty acid
cycle where they will be metabolized and excreted
primarily as carbon dioxide and water (See Nos
1179 and 1180 above).

NOELS for the related substance (E,E)-2,4decadienal were 100 mg/kg bw per day (National
Toxicology Program, 1997) and 33.9 mg/kg bw per
day (Damske et al., 1980) in separate 90-day
studies.

The (E,Z) isomer is expected to share the same
metabolic fate as the (E,E) isomer. The alcohol is
converted to the corresponding carboxylic acid by
ADH and ALDH and then enters the fatty acid cycle
where it is metabolized and excreted primarily as
carbon dioxide and water (see Nos 1179 and 1180).

Comments on secondary components

C. Aliphatic branched-chain, saturated and unsaturated alcohols, aldehydes, acids, and related esters
1209 2-Methyl-2-pentenal
92%
1.5–2.5% propionaldehyde;
Propionaldehyde (No. 83) and propionic acid (No.
3.5–4.5% propionic acid
84) have been evaluated by the Committee. It was
concluded that both substances were of no safety
concern at current intake levels.

Flavouring agent

No.
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Flavouring agent

2,4-Dimethyl-2-pentenoic
acid

dl-Citronellol

Citronellal

No.

1211

1219

1220

85% of aldehydes
as C10H18O

90%
(of total alcohols
as C10H20O)

92%
(sum of isomers)

Minimum assay
value (%)

12–14% mixture of
terpenoid materials: mainly
1,8-cineole, 2-Isopropylidene5-methylcyclohexanol,
linalool, citronellyl acetate
and other naturally occurring
terpenes

5–8% di-unsaturated and
saturated C10 terpene
alcohols; 1% citronellyl
acetate; 1% citronellal

5–7% 4-methyl-2methylenevaleric acid

Secondary components

The Committee has evaluated 2-isopropylidene-5methylcyclohexanol (isopulegol, No. 755) and
concluded that it was not of safety concern atcurrent

1,8-Cineole (eucalyptol, No. 1234) has been
evaluated by the Committee. In a 28-day study in
rats, the NOEL for 1,8-cineole was 300 and
1200 mg/kg bw per day for males and females,
respectively (National Toxicology Program, 1987a).
In an 80-week study in mice a NOEL of 32 mg/kg bw
per day was reported (Roe et al., 1979).

In a 2-year study, the NOEL for citral, an agent that
is structurally related to citronellal, was 100 mg/kg bw
per day in male and female rats (National Toxicology
Program, 2001b).

A NOEL of 2000 mg/kg bw per day was reported
when rats were fed a mixture of 71% geranyl acetate
and 29% citronellyl acetate for 2 years (National
Toxicology Program, 1987b). This corresponds to an
estimated daily dose of 580 mg/kg bw for citronellyl
acetate.

Geraniol, a terpene alcohol, exhibited NOELs of
>1000 and >100 mg/kg bw per day in 16- and
28-week studies in rats, respectively (Hagan et al.,
1967).

4-Methyl-2-methylenevaleric acid has not been
evaluated previously. A 90-day study of oral
administration in rats identified a NOEL of >2500 mg/
kg bw per day for the structurally related material,
isovaleric acid (No. 259) (Amoore, 1978).

Comments on secondary components
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Flavouring agent

3,7-Dimethyl-6-octenoic acid

Rhodinol

No.

1221

1222

82%
(of total alcohols
as C10H20O)

90%

Minimum assay
value (%)

15–17% terpenoid esters:
mainly citronellyl, neryl, and
geranyl acetate esters and
other naturally occurring
terpenes

5–8% citronellal, citronellyl,
neryl, and geranyl acetate
esters and other naturally
occurring terpenes

Secondary components

See No. 1221 above.

Citronellal (No. 1220) has been evaluated by the
Committee. In a 2-year study, the NOEL for the
structurally related material citral, was 100 mg/kg bw
per day in male and female rats (National Toxicology
Program, 2001b). The naturally occurring terpenoid
esters are expected to hydrolyse in vitro to the acetic
acid and the corresponding terpene alcohols
citronellol, nerol, and geraniol. See No. 1220 above
for geranyl and citronellyl acetate. Neryl acetate,
being the cis isomer of geranyl acetate is expected
to follow similar metabolic pathways and exhibit
similar toxicologic potential.

A NOEL of 2000 mg/kg bw per day was reported
when rats were fed a mixture of 71% geranyl acetate
(No. 58) and 29% citronellyl acetate (No. 57) for 2
years (National Toxicology Program, 1987b). This
corresponds to an estimated daily dose of 580 mg/
kg bw for citronellyl acetate.

Linalool (No. 356) has been evaluated by the
Committee. It was concluded that linalool was not a
safety concern at current intake levels. In an 84-day
study in rats, the NOEL for linalool was >50 mg/kg bw
per day (Oser, 1967).

intake levels. In a 14-day study of oral toxicity in
rats, isopulegol was reported to have a NOEL of
250 mg/kg bw per day (Imaizumi et al., 1985).

Comments on secondary components
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93%

2–5% benzyl alcohol

20–25% 1,8-cineole

8–10% terpene esters:
mainly citronellyl, neryl, and
geranyl acetate esters and
other naturally occurring
terpenes

Secondary components

Benzyl alcohol (No. 25) has been evaluated by the
Committee, which concluded that it was not a safety
concern at current intake levels. A 13-week and a
2-year study in rats identified NOELs of 100 and
>200 mg benzyl alcohol/kg bw per day, respectively
(National Toxicology Program, 1989).

1,8-Cineole (eucalyptol, No. 1234) has been
evaluated by the Committee. In a 28-day study in
rats the NOEL for 1,8-cineole was 300 and 1200 mg/
kg bw per day for males and females, respectively
(National Toxicology Program, 1987a). In an 80-week
study in mice a NOEL of 32 mg/kg bw per day was
reported (Roe et al., 1979).

See No. 1221 above.

Comments on secondary components

F. Linear and branched-chain aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and related esters
1271 3-Hexenal
80%
18–20% trans-2-Hexenal
trans-2-Hexenal is scheduled to be evaluated by the
(total of cis and
Committee in 2004. A 13-week study of oral
trans isomers)
administration in rats identified a NOEL of 30 mg/kg
bw per day for this material (Gaunt, 1971).

Benzyl butyl ether

1253

88%
(of total alcohols
as C10H18O)

75%

Geraniol

1223

Minimum assay
value (%)

D. Aliphatic and aromatic ethers
1233 1,4-Cineole

Flavouring agent

No.
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86%

93%

3-Hexenyl 2-hexenoate

(Z)-5-Octenyl propionate

1279

1282

Minimum assay
value (%)

Flavouring agent

No.

2–3% (E)-5-Octenyl
propionate; 0.5–1% (Z)-5Octenol

6–8% 3-Hexenyl-3hexenoate; 4–6%, 0–1%,
and 0–0.5% of isomers 1,
2, and 3 of hexenyl
hexenoate, respectively

Secondary components

The Committee has evaluated propionic acid (No.
84) and concluded that it was of no safety concern
at current intake levels.

The Committee has evaluated cis-5-octen-1-ol (No.
322) and concluded that it was of no safety concern
at current intake levels.

Like the Z isomer, the E isomer is expected to
hydrolyse in vivo to 5-octenol and propionic acid.

A NOEL of >400 mg/kg bw per day was reported for
10-undecenoic acid (No. 331), a material that is
structurally related to 3-hexenoic acid, in a 6-month
study in rats (Tislow et al., 1950).

A NOEL of 120–150 mg/kg bw per day was reported
for cis-3-hexen-1-ol in a 98-day study of oral
administration (Gaunt et al., 1969).

The Committee has evaluated 3-hexen-1-ol (No.
315) and 3-hexenoic acid (No. 317) and concluded
that they are of no safety concern at current intake
levels.

cis-3-Hexenyl-cis-3-hexenoate (No. 336) has been
evaluated by the Committee, which concluded that it
was not a safety concern at current intake levels.
3-Hexenyl-3-hexenoate and its isomers are expected
to hydrolyse in vivo to mono unsaturated hexenol
and mono unsaturated hexenoic acid. Regardless of
the position of unsaturation, the resulting alcohol is
oxidized to the corresponding acid that participates
in normal fatty acid metabolism.

Comments on secondary components

664
ANNEX 6

(E)-3,(Z)-6-Nonadien-1-ol

1284

92%

Minimum assay
value (%)

G. Simple aliphatic and aromatic sulfides and thiols
1293 4-Mercapto-4-methyl-248–50%
pentanone

Flavouring agent

No.

48–50% 4-methyl-3-penten2-one

6% (E,E) isomer

Secondary components

The Committee has evaluated 4-methyl-3-penten-2one (No. 1131) and concluded that it posed no
safety concern at current intake levels. A 14-day
study in rats identified a NOEL of >10 mg/kg bw per
day for the structurally related substance 5-methyl-5hexen-2-one (No. 1119) (Gill & van Miller, 1987).

*material was administered as part of a mixture.

In a 28-day study in rats, a NOEL* of 2.06 mg/kg bw
per day was reported for the structurally related
material (E,Z)-2,6-dodecadienal (No. 1197)
(Edwards, 1973).

Comments on secondary components
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