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This publication is a contribution to the International Programme on Chemical Safety. 

The International Programme on Chemical Safety (IPCS), established in 1980, is a 
joint venture of the United Nations Environment Programme (UNEP), the International 
Labour Organisation (ILO), and the World Health Organization (WHO). The overall 
objectives of the IPCS are to establish the scientific basis for assessing the risk to 
human health and the environment from exposure to chemicals, through international 
peer-review processes, as a prerequisite for the promotion of chemical safety, and to 
provide technical assistance in strengthening national capacities for the sound 
management of chemicals. 

The Inter-Organization Programme for the Sound Management of Chemicals 
(IOMC) was established in 1995 by UNEP, ILO, the Food and Agriculture Organization 
of the United Nations, WHO, the United Nations Industrial Development Organization, 
and the Organisation for Economic Co-operation and Development (Partici-pating 
Organizations), following recommendations made by the 1992 United Nations 
Conference on Environment and Development to strengthen cooperation and increase 
coordination in the field of chemical safety. The purpose of the IOMC is to promote 
coordination of the policies and activities pursued by the Participating Organiza-tions, 
jointly or separately, to achieve the sound management of chemicals in relation to human 
health and the environment. 



PREFACE 

The monographs contained in this volume were prepared at the sixty-fifth 
meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA), 
which met at WHO Headquarters in Geneva, Switzerland, 7-16 June 2005. These 
monographs summarize the safety data on selected food additives reviewed by 
the Committee. 

The sixty-fifth report of JECFA has been published by the World Health 
Organization as WHO Technical Report No. 934. 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. Annex 5 contains 
a summary of the safety evaluation of secondary components for flavouring agents 
with minimum assay values of less than 95%. 

Specifications that were developed at the sixty-fifth meeting of JECFA have 
been issued separately by FAO as Food and Nutrition Paper, No. 52, Addendum 
13. The 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 they have considered. 

The toxicological monographs contained in this volume are based on working 
papers that were prepared by temporary advisers and reviewed by Members of 
the Committee. A special acknowledgement is given at the beginning of each 
monograph to those who prepared and reviewed these working papers. 

Many unpublished proprietary 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 wrote on all the data that were 
submitted, and all these reports were available to the Committee when it made its 
evaluations. The monographs were edited by E. Heseltine, 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 
frontiers or boundaries. The mention of specific companies or of certain 
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vi 
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. 
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Beeswax was evaluated by the Committee at its thirty-ninth meeting (Annex 
1, reference 101 ). At that time, the Committee concluded that beeswax could be 
regarded as a food constituent. Although beeswax could not be evaluated in the 
usual manner, as the only data consisted of an LD50 in rats of > 5 g/kg bw per day 
and results showing lack of mutagenic potential in microbial assays in vitro, the 
Committee considered that its long history of use (as natural yellow beeswax) without 
apparent adverse effects provided a degree of assurance that its current functional 
uses (release and glazing agent in bakery products, glazing agent on fresh and 
frozen fruit, glazing agent on sweets, carrier for flavours and component of chewing
gum bases) did not raise any toxicological concern. The Committee also noted the 
possibility that beeswax is allergenic and that toxic substances present in honey in 
some parts of the world might also occur in beeswax. In view of an additional proposed 
use of beeswax in water-based, flavoured drinks, with a maximum use level of 
200 mg/kg (0.02%), the Committee re-evaluated the data on this substance. 

Beeswax (white and yellow) is the refined wax from honeycombs. The wax 
is produced in wax glands located in the abdomen of honeybees of the genus Apis 
(e.g. A. mellifica and A. carnica). it is a complex mixture of several chemical 
components, consisting mainly of free fatty acids with even-numbered chain lengths 
of C24-C36 (about 85% saturated), linear wax monoesters and hydroxymonoesters 
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2 BEESWAX 

with chain lengths of mainly 40-48 carbon atoms, complex wax esters, diesters and 
triesters and straight-chain hydrocarbons with odd-numbered chain lengths of C27-
C33. Free fatty alcohols (C28-C34) occur in minor amounts. Terpenoids, flavonoids 
and volatile produce have also been detected in small amounts in crude beeswax. 
Depending on the analytical technique used, the main components have been 
reported to occur at the following concentrations: linear monoesters and hydroxy
monoesters, 35-45%; complex esters, diesters and triesters, 15-27%; odd-numbered 
straight-chain hydrocarbons, 15%; free fatty acids, 12-14%; and free fatty alcohols, 
1% (Tulloch, 1980; Brand-Garnys & Sprenger, 1988; Bruschweiler et al., 1989; 
Aichholz & Lorbeer, 1999, 2000; Jimenez et al., 2004). These proportions are 
consistent with the composition of beeswax described by the Committee at its thirty
ninth meeting. The fractional composition, but not the chemical identity, of beeswax 
components varies slightly among subspecies of bees, the age of the wax and the 
climate at the time of its production. White beeswax is obtained from yellow beeswax 
by treatment with hydrogen peroxide or bleaching earths and activated carbon 
(American College of Toxicology, 1984; Blum et al., 1988). 

Beeswax is used in foods in several forms, as a stabilizer or release agent in 
soft gelatine capsules and tablet formulations sold as food supplements in the 
European Union, in glazings and coatings, as a component of the gum base of 
chewing-gums and as a carrier for food additives and flavours, such as in water
based drinks. 

The Committee evaluated the safety of beeswax for use as a food additive. 
The previously published monograph was expanded to include the newly available 
data and is incorporated into this monograph. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects 

lt is generally considered that waxes, including beeswax, are not digested or 
absorbed to any significant extent after ingestion by most mammals, but limited 
information is available on beeswax per se. Biochemical data are available on the 
main components of beeswax-esters, hydrocarbons, free fatty acids and free fatty 
alcohols-after digestion and absorption. 

(a) Absorption, distribution and excretion 

Beeswax is assumed to be indigestible owing to its high melting-point 
(62-65 oc), which prevents its dissolution at body temperature (Federation of 
American Societies for Experimental Biology, 1975), its insolubility in water and its 
hydrophobic surface, which makes it difficult for digestive enzymes to hydrolyse the 
product and for intestinal microbiota to affect its degradation. No data are available, 
however, to support this assumption. Studies of its absorption, distribution, 
metabolism and excretion would be difficult to perform because of its highly complex 
composition, assuming that it can be digested or absorbed at all. 

There is evidence that some solubilization of beeswax is mediated by the 
action of bile acids, at least in some species. Beeswax appears to be digested by 
larvae of Galleria me/lone/la, the wax moth, which thrives on this substrate (Opdyke, 
1976). This information was considered to suggest that certain amounts of ingested 
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beeswax can be broken down by gut microflora and then absorbed as a source of 
carbon. 

While it has also been reported that beeswax is used efficiently by seabirds 
via a bile-dependent, pancreatic esterase (EC 3.1.1.13), this appears to be the result 
of an evolutionary adaptation of certain species, probably because wax esters are 
important lipid components in many terrestrial arthropods and marine organisms, 
and not a general trait of the vertebrate digestive tract (Place, 1992). 

Linear monoesters 

Linear monoesters are the most important constituents of beeswax, 
representing 40-50% of the product. The esters consist of long-chain fatty alcohols 
(C24-C38) and fatty acids, mainly palmitic acid (C16) and oleic acid (C18). 
Monoesters with a total chain length of 40-48 carbon atoms are quantitatively the 
most important, but C38, C50, C52 and C54 monoesters are also present. Most 
wax esters are saturated, but unsaturated, monoenoic wax esters also exist, mainly 
among the esters of longer chain length (C46, C48, C50) (Tulloch, 1980; Aichholz & 
Lorbeer, 1999, 2000). Recently, ethyl esters of even-chain fatty acids were also 
detected in beeswax (Jimenez et al., 2004). 

Monoesters (C40-C52) with a free hydroxyl group are formed when 15-
hydroxypalmitic acid is esterified with fatty alcohols or if palmitic or oleic acid is 
esterified with an cx,w-2 diol. Earlier reports referred to the presence of cx,w and 
cx,(J)-1 diols (Tulloch, 1980). Ingested and solubilized waxy monoesters may be 
hydrolysed at least partly by pancreatic wax esterase. The long-chain fatty alcohols 
and fatty acids thereby released are then available for absorption and further 
metabolism. Metabolic use of wax esters has been observed, particularly by animals 
that feed on zooplankton and other marine organisms, such as certain seabirds and 
fish (Mankura et al., 1987; Place, 1992). 

In porcine pancreatic lipase in vitro, this enzyme hydrolysed oleyl palmitate 
(the ester of palmitic acid and oleyl alcohol). The reaction appeared to be reversible. 
In vivo, absorption of liberated fatty acid, which appears to be better absorbed than 
the fatty alcohol, would shift the equilibrium in the direction of degradation; however, 
absorption of intact oleyl palmitate could not be verified. Young rats have been 
reported to digest about 50% of ingested oleyl palmitate, the waxy ester of palmitic 
acid and oleyl alcohol, indicating incomplete digestion of a wax ester (Hansen & 
Mead, 1965). Digestion of beeswax may, however, differ, given that the tested wax 
ester is liquid at body temperature (Pate! et al., 2001 ), whereas beeswax remains 
solid. 

The occurrence of significant amounts (in relation to triglycerides) of oleyl 
palmitate and oleyl alcohol in the lipids of rats fed diets containing oleyl palmitate 
(15%) or oleyl alcohol (4%) merely indicates that, at the high dose used, the capacity 
of the oxidative conversion of fatty alcohol to fatty acid in the intestinal mucosa and 
liver is exceeded (Hansen & Mead, 1965). Thus, the oleyl palmitate that was detected 
in liver might have been formed by re-esterification of absorbed oleyl alcohol. Certain 
waxy esters also occur naturally in animal tissues, as demonstrated by the presence 
of cetyl myristoleate in Swiss albino mice (Diehl & May, 1994). 

Additional evidence for partial digestion of wax esters comes from a study 
on jojoba oil, the oil obtained from the nut-like fruit of the jojoba plant (Simmondsia 
chinensis). This oil consists of liquid wax esters: oleic acid (C18), eicosanoic acid 
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(C20:1) and erucic acid (C22:1) are esterified with eicosenyl alcohol (C20:1 ), 
docosenyl alcohol (C22: 1) and tetracosenyl alcohol (C24: 1) (Environmental 
Protection Agency, 1995). A diet containing 1% or 2% jojoba oil given to mice for 
3 weeks was well tolerated; however, at the 2% dose, faeces were soft and weight 
gain was reduced. The stool softening suggests that hydrolysis and absorption of 
the wax esters were incomplete at this relatively low dose (Verbiscar et al., 1980). In 
a study of the metabolism of refined jojoba oil, in which four groups of 10 rats received 
a single daily dose of 0.5, 1, 2 or 3 g for 4-7 consecutive days, the observation of 
oily coats due to 'anal leakage', even at the lowest dose, supports the conclusion 
that the digestibility of the wax esters is low (Hamm, 1984). In an earlier study with 
jojoba oil in rats, 20% was reported to have been digested (Booth, 1972, cited by 
Hamm, 1984). 

Complex esters 

Complex esters with two, three or more ester bonds occur in beeswax. These 
products are formed by esterification of the hydroxyl groups of 15-hydroxy palmitic 
acid (acylated hydroxy esters) or the terminal hydroxyl groups of an a,m-1 or a,m 
diol (diol diesters). These diesters have chain lengths of C54-C64. 

Diesters represent about 7% of beeswax (Aichholz & Lorbeer, 1999). 
According to earlier analyses, diesters, triesters, hydroxypolyesters and acid 
polyesters constitute 14%, 3%, 8% and 2% of beeswax, respectively (Tulloch, 1980). 

Owing to the large size of these molecules, direct absorption appears unlikely. 
No direct evidence for enzymatic degradation by carboxyl ester hydrolases or lipases 
was found. Given the lack of specificity of carboxyl ester hydrolase, which can also 
cleave cholesterol esters, some digestion is, however, possible. In this event, the 
products of digestion would be the same as those arising from digestion of the 
monoesters. 

Hydrocarbons 

Beeswax contains about 15% (range, 12-16%) hydrocarbons. Odd-chain 
alkanes (C23-C33) and mono-unsaturated alkenes (C27-C39) were detected 
(Aichholz & Lorbeer, 1999, 2000). Major components are the C27, C29 and C31 
alkanes and the C31 :1 and C33:1 alkenes (Tulloch, 1980), alkadienes and alkatrienes 
being present at only low concentrations (Carlson et al., 1989; Giumanini et al., 
1995; Jimenez et al., 2004). 

The rate of absorption of linear alkanes from the gut decreases with increasing 
chain length. About 5% of the C28 n-alkane is absorbed, but essentially no 
compounds with a chain length greater than C32 are absorbed (Smith et al., 1996). 
Although the chain length of some of the hydrocarbons present in beeswax would 
permit partial absorption, it has not been determined whether these hydrocarbons 
leak from the wax particles into the chyme, thereby becoming available for potential 
absorption, or whether they remain bound in the solid wax particles and are thus 
excreted completely with the faeces. 

(i) Free fatty acids 

Beeswax contains 12-14% free fatty acids, most of which are saturated. In 
an early study, eight major and 1 0 minor fatty acids were detected, lignoceric acid 
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(C24), hexacosanoic acid (C26) and octacosanoic acid (C28) being the most 
prevalent species (at 6%, 1% and 1%, respectively) (Tulloch, 1980). In another 
investigation, fatty acids with carbon numbers between C20 and C36 were identified 
(Aichholz & Lorbeer, 2000). Most of these so-called 'wax(y) acids' or 'very long
chain fatty acids' have carbon numbers between C24 and C32. While most fatty 
acids in human foods have up to 22 carbon atoms, longer chains can be found in 
vegetable oils. Lignoceric acid (C24), for example, is present in small amounts in 
most plant oils as well as in menhaden oil (fish oil) and most fats. 

The very long-chain fatty acids are metabolized like other fatty acids by ~
oxidation; however, they are degraded mainly in peroxisomes and not in mitochondria. 
The main differences between mitochondrial and peroxisomal ~-oxidation are: 

Fatty acids diffuse freely into peroxisomes and do not need to be transported 
by L-carnitine. 
Acyl-coenzyme A oxidation involves oxygen instead of FAD as the electron 
acceptor, yielding hydrogen peroxide, which is then converted to water and 
oxygen by catalase. If part or all of the free long-chain fatty acids are absorbed, 
they will be readily metabolized by ~-oxidation. The chain length has no 
significance in this regard, except that very long-chain fatty acids can be 
degraded only by peroxisomes. Unsaturated or hydroxylated fatty acids are 
processed by the same metabolic pathway. Very long-chain fatty acids are 
normal components of most human and animal tissues (Poulos, 1995). 

(ii) Free fatty alcohols 

Beeswax contains about 1% free long-chain alcohols (fatty alcohols, waxy 
alcohols). Five main components were found in an early study (Tulloch, 1980), and 
another group reported the occurrence of two odd-chain fatty alcohols (C33 and 
C35), each present at a concentration of about 0.3% (Aichholz & Lorbeer, 1999, 
2000). Another group detected four even-numbered fatty alcohols (C28, C30, C32 
and C34) (Bruschweiler et al., 1989). 

lt is generally assumed that ingested aliphatic alcohols are absorbed and 
oxidized to the corresponding aldehydes, which are then rapidly oxidized to the 
corresponding acids. The acids obtained, whether even- or odd-numbered, are 
oxidized by !)-oxidation. In view of this metabolism and the toxicological data on the 
common aliphatic alcohols of lower chain length (e.g. decanol), the presence of free 
fatty alcohols in beeswax does not raise toxicological concern (see also Annex 1, 
reference 131, for safety assessments of nonyl alcohol, decanol and other aliphatic 
alcohols used as a flavouring substances). 

2.2 Toxicological studies 

Few toxicological studies have been carried out on beeswax per se; however, 
information is available from studies in mice, rats, rabbits and dogs for some of the 
main components of beeswax (free fatty acids, monoesters, complex esters, 
hydrocarbons and free fatty alcohols). 

2.2. 1 Acute toxicity 

The only available study on the acute oral toxicity of beeswax was one in 
which 1 0 rats of undefined sex were given undiluted beeswax (type not specified) at 
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a single oral dose of 5 g/kg bw. Four animals died on the second of the 14 observation 
days, from unknown causes. Depression and ataxia were observed in the surviving 
animals. The LD50 was > 5 g/kg bw (McGee Laboratories, 197 4, cited in American 
College of Toxicology, 1984). 

2.2.2 Short-term studies of toxicity 

No information was available on the toxicity of beeswax in short-term studies. 

(a) Linear monoesters 

When a diet containing 15% oleyl palmitate (the ester of palmitic acid and 
oleyl alcohol), or about 15 000 mg/kg bw day, was fed to five weanling male Sprague
Dawley rats for 4 weeks, about 50% of the wax ester was absorbed. The unabsorbed 
fraction acted as a faecal lubricant, inducing some degree of diarrhoea and a 
corresponding reduction of weight gain; however, overt signs of toxicity were not 
observed (Hansen & Mead, 1965). 

Further information on wax esters comes from a study in which jojoba oil 
(see 2.1.1 above) was administered in the diet to groups of 10 CD-1 mice of each 
sex for 3 weeks. Concentrations of 1% or 2% jojoba oil were well tolerated, despite 
the presence of some toxic cyanoglycosides in the oil. At the 2% dose, the faeces 
were soft and weight gain was reduced, suggesting incomplete hydrolysis and 
absorption of the wax esters (Verbiscar et al., 1980). Some deaths occurred at the 
10% concentration, which were attributed to reduced absorption of nutrients owing 
to physiological effects on the gastrointestinal tract, rather than to toxicity. 

(b) Complex esters 

No information was available on the toxicity of complex esters, but any 
complex ester that is absorbed (minimal, given the large size of the molecules), 
would be subject to cleavage by carboxyl ester hydrolase. The products of digestion 
would be the same as that of the monoesters, thus, data on the monoesters would 
be applicable to the complex esters. 

(c) Hydrocarbons 

The safety of hydrocarbons with characteristics similar to those present in 
beeswax was tested indirectly in a 13-week study of carnauba wax in groups of 20 
Fischer 344 rats of each sex. The highest dose tested (1500 mg/kg bw per day) was 
the NOEL (additional details not provided) (Scientific Committee on Food, 2001 ). 

In an earlier 13-week study of carnauba wax in groups of 15 Wistar rats of 
each sex, no treatment-related effects on body weight, haematological parameters, 
urinary concentration, organ weights or histopathological appearance were observed 
at a dietary level of 1 %, 5% or 10%. Controls were given 1 0% cellulose powder. The 
highest concentration of carnauba wax tested, 10%, corresponded to an intake of 
8.8 g/kg bw per day (Rowland et al., 1982). As carnauba wax contains 1.5-3% 
hydrocarbons (linear, odd-numbered n-alkanes of C27-C31 ), ingestion of hydro
carbons as a component of carnauba wax at doses of 130-300 mg/kg bw per day 
did not have any adverse effects. 
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(d) Free fatty acids 

The presence of free fatty acids raises no toxicological concern, as these 
compounds are common components of the diet and are readily metabolized by ~
oxidation after absorption. The metabolism of very long-chain fatty acid is comparable, 
except that these compounds are degraded in peroxisomes, where they diffuse 
freely, rather than in mitochondria. Very long-chain fatty acids are also normal 
components of most human and animal tissues (Poulos, 1995). 

(e) Free fatty alcoho/s 

Free fatty alcohols are metabolized via common pathways after absorption. 
The ready metabolism of these compounds and the available data on aliphatic 
alcohols of lower chain length, which were previously evaluated by the Committee 
(Annex 1, reference 131) and found to be acceptable as flavouring substances, 
indicate that the presence of free fatty alcohols in beeswax is not of toxicological 
concern. 

To test the safety of very long-chain fatty alcohols isolated from hydrolysed 
beeswax, 0002, a mixture consisting of C24 (13.2%), C26 (15.3%), C28 (17.5%), 
C30 (26.6%), C32 (17.0%) and C34 (2.2%) fatty alcohols, was administered to groups 
of 12 Sprague-Oawley rats of each sex at a dose of 5, 25, 125 or 625 mg/kg bw per 
day for 90 days by gavage in a suspension with gum acacia. The mixture. Four 
males and two females died due to gavage accidents. Body-weight gains, haemato
logical and clinical chemical parameters, organ weights and histopathological results 
were similar in treated groups and controls (Rodeiro et al., 1998a). The NOEL was 
625 mg/kg bw per day. 

2.2.3 Long-term studies of toxicity and carcinogenicity 

No information was available for beeswax. 

Rats 

In a 52-week study, 0002 was administered to groups of 20 male and 20 
female Sprague-Oawley rats by gavage at a dose of 0, 200, 500 or 1 000 mg/kg bw 
per day. A slight, statistically nonsignificant reduction in body weight of about 8% 
was observed in female rats at the the two higher doses. There were no treatment
related changes in haematological or clinical chemical parameters, relative organ 
weights or histopathological observations (Rodeiro et al., 1998a). The NOEL was 
1000 mg/kg bw, the highest dose tested. 

Dogs 

In a 52-week study, groups of four beagle dogs of each sex received 0002 at 
a dose of 0, 50 or 250 mg/kg bw per day by gavage. All groups showed similar 
weight gains, and there were no clinical signs in response to treatment. There were 
no changes in haematological or clinical chemical parameters, and the weights of 
the main organs remained unaffected. There were no histopathological changes 
that could be attributed to treatment. Thus, the NOEL was the highest dose tested, 
250 mg/kg bw per day (Aieman et al., 2001 ). 
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2.2.4 Genotoxicity 

The results of tests for the genotoxic and mutagenic potential of white and 
yellow beeswax, of 0003, a mixture of very long-chain fatty acids from sugar cane 
wax, and 0002, a mixture of very long-chain fatty alcohols from beeswax, are 
summarized in Table 1. 

Table 1. Results of tests for the genotoxicity of beeswax and components 

End-point Test system Test substance, Results Reference 
concentration or 
dose 

In vitro 
Reverse mutation S. typhimurium White beeswax; Negativea Federation of 

TA1535, TA1537, 0.5 and 1 mg/plate American 
TA 1538; S. cere- (0.1 ml/plate of Societies for 
visiae 04 5000 ppm and Experimental 

10 000 pp m prepa- Biology (1975) 
rations of beeswax) 

Reverse mutation S. typhimurium Yellow beeswax; Negativea Prival et al. 
TA98, TA100, 0.033-10 mg/plate (1991) 
TA1535, TA1537, 
TA 1538; E. coli WP2 

Reverse mutation S. typhimurium D003b; 0.005-5 Negativea Gamez et al. 
TA98, TA100, mg/plate (2002) 
TA1535, TA1537, 
TA1538 

In vivo 
Micronucleus NMRI mouse bone D002C; 2000 Negative Rodeiro et al. 
formation marrow mg/kg bw per day (1998b} 

orally for 5 days 

Dominant lethal NMRI mouse D002c; 25, 125 or Negative Rodeiro et al. 
mutation 625 mg/kg bw per (1998b) 

day orally for 6 weeks 
to females and 8 
weeks to males 

a In the presence and absence of Arochlor-induced rat liver microsomal fraction 
b Mixture of very long-chain fatty acids from hydrolysed sugar-cane wax 
c Mixture of very long-chain fatty alcohols from hydrolysed beeswax 

Negative results were obtained in all the assays for reverse mutation in S. 
typhimurium in vitro. In addition, it was not mutagenic in Saccharomyces cerevisiae 
strain 04, in plate or suspension tests, with or without the addition of metabolic 
activation systems from mice, rats or monkeys (Federation of American Societies 
for Experimental Biology, 1975). Taken together with the results of tests for the 
genotoxicity of very long-chain fatty alcohols and acids, tested with the fatty alcohol 
mixture 0002, in vitro and in vivo, the data indicate that beeswax does not have 
genotoxic potential. 
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2.2.5 Reproductive toxicity 

No information was available on the reproductive or developmental toxicity 
of beeswax. 

(a) Hydrocarbons 

The reproductive toxicity of hydrocarbons with characteristics similar to those 
present in beeswax was tested indirectly in a study in rats. Groups of 25 Wistar rats 
of each sex were given diets containing 0, 0.1 %, 0.3% or 1.0% (w/w) carnauba wax 
(equal to 0, 80, 250 and 810 mg/kg bw per day for males and 0, 90, 270 and 670 mg/kg 
bw per day for females on the basis of food consumption in this study) for 4 weeks 
before mating and throughout the mating and gestation periods and the remainder 
of the study, including lactation. The F1 progeny were given the same diet after 
weaning for an additional 13 weeks. There were no effects on reproduction 
parameters (including fertility, gestation, viability and lactation indices and pup body 
weights) or the results of clinical pathology, ophthalmology, gross pathology or 
histology (Parent et al., 1983). 

(b) Free fatty a/coho/s 

The developmental toxicity of 0002 isolated and purified from beeswax was 
evaluated in groups of 25 Sprague-Oawley rats given 0, 320 or 1000 mg/kg bw by 
gavage on days 6-15 of gestation. Litters were removed surgically on day 20 of 
gestation. There were no signs of maternal toxicity, and the body-weight gain of 
dams was similar in all groups. No significant differences were found between treated 
and control groups in the numbers of implantation sites, corpora lutea, live fetuses, 
dead fetuses or resorptions or in the sex ratio or fetal weight. No external, visceral 
or skeletal malformations or variations attributable to 0002 were observed (Rodrfguez 
et al., 1998). 

0002 was also evaluated for developmental toxicity in groups of 16-20 New 
Zealand white rabbits given 0, 1 00, 320 or 1 000 mg/kg bw by gavage on days 6-18 
of gestation. Litters were removed surgically on gestation day 29. No adverse effects 
of treatment on the appearance of the dams or on body-weight gain were observed, 
and no treatment-related effects on reproductive indices or the occurrence of external, 
visceral or skeletal malformations were found. Two cases of hemivertebrae with 
fused ribs were observed at the intermediate dose but not at the lower or higher 
dose. The background incidence of fused ribs was approximately 1.29% (Rodrfguez 
et al., 1998). 

The results of the studies of reproductive toxicity indicate that 0002 is not 
embryotoxic, fetotoxic or teratogenic. 

2.3 Observations in humans 

The studies in humans were limited to tests for skin sensitization after topical 
application, which were conducted to support the use of beeswax in cosmetic 
formulations (American College of Toxicology, 1984). No signs of irritation, 
sensitization or photosensitization were noted, except in three studies with a cleansing 
cream, which resulted in minimal irritation. No attempt was made to identify the 
ingredient in the cream formulation that caused this effect. 
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Because of the route of exposure, these tests are of little relevance for 
assessing the safety of beeswax as a food additive. Nevertheless, given the concern 
about the allergenic potential of beeswax or its components, the results of two tests 
for skin sensitization or maximization were considered. In the first test, beeswax 
had no allergenic potential in 22 healthy volunteers (Epstein, 1975, cited in American 
College of Toxicology, 1984). In the second study, performed in persons with varying 
degrees of sensitivity to grass pollen, application of crude or refined beeswax by the 
scratch method or by intracutaneous injection did not induce an allergic response 
(Gay, 1945, as cited in American College ofToxicology, 1984). 

3. DIETARY EXPOSURE 

The sponsor submitted information about the current and proposed uses of 
beeswax in food and the resulting exposure. In addition, the International Organization 
of the Flavor Industry supplied information on the poundage of beeswax sold in the 
food market in the European Union in 2003. 

Beeswax is used in foods to achieve several effects: as a stabilizer or release 
agent in soft gelatine capsules and tablet formulations sold as food supplements in 
the European Union, in glazings and coatings, as a component of the gum base of 
chewing-gums and as a carrier for food additives and flavours, such as in water
based drinks. The following estimates of daily exposure to beeswax from various 
sources have been reported, not including possible exposure with honey sold in 
jars with the honeycombs: soft gelatine capsules, 50-150 mg/day; tablet formulations, 
50-150 rng/day; glazings and coatings, 50 mg/day; chewing-gum (mean 
exposure), 4-6 mg/day; chewing-gum (90th percentile exposure), 8-12 mg/day; 
carrier for food additives and flavours (mean exposure), 70 mg/day; and carrier for 
food additives and flavours (90th percentile exposure),- 140 mg/day. 

The sponsor stated, without supporting documentation but on the basis of 
estimates of consumption at the 90th percentile and assuming that consumers are 
unlikely to ingest the maximum amount from food supplements in both capsules 
and tablets, that the total exposure from all these sources would be 350 rng/day 
(150 mg from tablets + 50 mg from glazings + 10 mg from gum + 140 mg from 
carriers), or about 6 mg/kg bw per day for a 60-kg person. 

Additionally, the sponsor calculated, on the basis of estimated exposure to 
beeswax from food supplement capsules and the poundage data supplied by 
International Organization of the Flavor Industry for use of beeswax in all other food 
applications, that the average exposure to beeswax per consumer would be 
1 0-1 00 mg/day, assuming that 1-1 0% of the European Union population of 379 x 106 

persons consumed foods or food supplements with added beeswax (European 
Federation of Associations of Health Product Manufacturers, 2002; European Wax 
Federation, 2003). 

The Committee estimated exposure to beeswax from its reported current 
uses, from maximum levels of use in foods and from its additional new use as a 
flavour carrier in water-based drinks (Table 2). Data on food intake were taken from 
7-day surveys (95th percentiles) conducted in France (Volatier, 2000), Italy (Turrini 
et al., 2001) and Sweden (Becker et al., 1997) and a 2-day survey in the USA 
(United States Department of Agriculture, 1998; 90th percentile). Information on 
exposure from tablets and capsules was taken from surveys in France and the 
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Table 2. Food uses of beeswax 

Type of food Maximum level of use (g/kg) 

Food supplements 
Soft gelatine capsules 
Tablets 

Glazings and coatings 
Chewing-gum 
Water-based flavoured drinks 

60 
34 

0.5 
0.65 
0.2 

United Kingdom (Table 3). On the basis of the very conservative assumption that a 
person would consume all foods (and tablets or capsules) containing beeswax at 
the highest percentile in each food category and that all those foods contained 
beeswax, the Committee calculated that the exposure to beeswax would be < 650 
mg per person per day (40 mg from coatings + 6.5 mg from gum + 340 mg from 
tablets+ 60 mg from capsules+ 200 mg from water-based drinks). The new use in 
water-based drinks would result in an increase of about 50% (from 450 mg to 650 mg). 
If it assumed that persons consume only tablets or capsules (not both) and that all 
foods containing beeswax are consumed at the mean reported intake, exposure to 
beeswax would be 460 mg per person per day (15 mg from coatings+ 3.5 mg from 
gum + 340 mg from tablets+ 100 mg from water-based drinks). 

Table 3. Food intakes and resulting intakes of beeswax 

Use Food intake (g/person Beeswax intake (mg/person 
per day) per day) 

95th Mean 95th Mean 
percentile percentile 

Glazings and coatings 
France 70 20 35 10 
Italy 60 20 30 10 
Sweden 80 30 40 15 
USA 50 30 25 15 

Chewing-gum 
USA 10 5 6.5 3.5 

Tablets (1.5 g/tablet) 
France (7 tablets) 10.5 340 
United Kingdom (7 tablets) 10.5 340 

Capsules (0.15 g/capsule) 
France (7 capsules) 1.0 60 
United Kingdom (7 capsules) 1.0 60 

Water-based drinks (new use) 
France 410 120 82 24 
Italy 350 110 70 22 
Sweden 700 250 140 50 
USA 1000 500 200 100 
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4. COMMENTS 

Toxicological data 

The Committee evaluated additional biochemical and toxicological studies 
on the main components of beeswax (linear monoesters, complex esters, hydrocar
bons, free fatty acids and free fatty alcohols) and considered the use of beeswax in 
water-based, flavoured drinks. The toxicological studies conducted on the various 
components of beeswax included short-term studies with oral administration, long
term studies of toxicity and carcinogenicity and studies of reproductive toxicity. The 
components, which are common in other foods, were not toxic. A search of the 
literature did not reveal the presence of naturally occurring toxic substances in com
mercial beeswax. lt was noted that beeswax administered topically or by intracuta
neous injection did not induce an allergenic response in humans. 

Assessment of dietary exposure 

Information was submitted on the food uses and resulting exposures to 
beeswax. Dietary exposure would be about 350 mg per person per day for a person 
with 90th percentile exposure to foods containing beeswax, in addition to consump
tion as a component of food supplement tablets or capsules. The Committee re
ceived information on the poundage of beeswax sold to the food market in the Eu
ropean Union in 2003. If it is assumed that 1-10% of the population consumes 
products containing beeswax, the average dietary exposure to beeswax per con
sumer would be 1 0-100 mg per person per day. 

The Committee estimated the dietary exposure to beeswax from reports of 
its current use and maximum levels of use in foods, including as a flavour carrier in 
water-based drinks. On the basis of the conservative assumption that a person 
would consume all foods (and food supplement tablets or capsules) containing 
beeswax at the 95th percentile in each food category and that all those foods would 
contain beeswax, exposure to beeswax would be < 650 mg per person per day. 
Addition of use as a carrier for flavours in water-based drinks would result in an 
increase in the estimated dietary exposure of 200 mg per person per day, about 
50% higher than the estimated exposure from current uses (450-650 mg per per
son per day). 

5. EVALUATION 

The Committee concluded that current uses of beeswax, including that as a 
carrier for flavours and as a clouding agent in water-based drinks, would not result 
in dietary expsoure that raised concern about safety, especially in view of the long 
history of use of beeswax and the absence of toxicity of the main components. As 
the available information was very limited, the Committee was unable to reach a 
conclusion about the potential allergenicity of beeswax noted by the Committee at 
its thirty-ninth meeting. 
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Calcium L-5-methyltetrahydrofolate is a synthetic derivative of naturally 
occurring L-5-methyltetrahydrofolic acid, which contains a reduced and methylated 
pteridine ring system (Figure 1 ). This compound has not been evaluated previously 
by the Committee. 

Calcium L-5-methyltetrahydrofolate is structurally analogous to the reduced 
form of folic acid (pteroyi-L-glutamic acid), which is the nutritionally active form. The 
form of naturally occurring reduced folate found predominantly in food is a 
polyglutamyl folic acid (Scott, 2001 ). L-5-Methyltetrahydrofolate is a co-factor for 
key enzymatic reactions for the transfer and processing of the one-carbon units 
needed for re-methylation of homocysteine to methionine to serve as the methyl 
donor for numerous methyltransferases, which methylate a range of biological 
substrates (lipids, proteins, myelin, dopamine). lt also serves as a carbon donor in 
the pathway leading to nucleotide synthesis, supporting the biosynthesis of DNA. 

-15 -
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Figure 1. Structure of L-5-methyltetrahydrofo/ic acid, calcium salt 

The safety of folic acid was evaluated by the European Commission Scientific 
Committee for Food, which established a tolerable upper intake level of folate at 
1 mg per adult per day on the basis of the need to avoid masking vitamin 812 
deficiency (Scientific Committee for Food, 1993). The same tolerable upper intake 
level for folate was established by the United States Institute of Medicine (1998) 
and the FAO/WHO consultation on human vitamin and mineral requirements 
(FAO/WHO, 2001 ). The Scientific Panel on Food Additives, Flavourings, Processing 
Aids and Materials in Contact with Food of the European Food Safety Authority 
concluded that the safety of use of calcium L-5-methyltetrahydrofolate as a source 
of folate in foods for specific nutritional uses, food supplements and foods intended 
for the general population, with a tolerable upper intake level of 1 mg per adult per 
day, is not a concern (European Food Safety Authority, 2004). 

For calcium, a tolerable upper intake level of 2.5 g was established by the 
Scientific Committee for Food (2003) and the Institute of Medicine (1997). A tolerable 
upper intake of 3 g was established by the FAO/WHO Consultation on human vitamin 
and mineral requirements (FAO/WHO, 2001 ). 

At the request of a Member State, the Committee was asked to evaluate the 
safety of calcium L-5-methyltetrahydrofolate as an alternative to folic acid in food 
fortification and supplementation. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects 

2. 1. 1 Absorption, distribution and excretion 

The absorption and distribution of calcium L-5-methyltetrahydrofolate and 
related folate derivatives were studied in controlled clinical trials with volunteers. 
One study in vitro was also considered. No information was available on absorption, 
distribution, metabolism or excretion in animals. In a small-intestinal model consisting 
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of glass compartments, L-5-methyltetrahydrofolate was more readily absorbed than 
synthetic folic acid from milk containing folate-binding proteins (Verwei et al., 2003). 

L-5-Methyltetrahydrofolate (monoglutamate) is the only form of folate that 
appears normally in the plasma and is internalized by cells for use. The studies also 
showed that the main folate transport mechanisms involve integral plasma membrane 
proteins, reduced folate carrier and folate receptors, which mediate cellular uptake 
of reduced folate by binding with high affinity and specificity (Brzezinska et al., 2000). 

In a controlled trial with 14C-folic acid (pteroylpolyglutamate), 13 healthy men 
and women were given daily oral doses of the labelled compound, and the 
appearance of folic acid in plasma and its excretion in urine and faeces were 
monitored for ~ 40 days. A multi-compartment model was used to fit the data. 
Significant distribution of metabolites of folate in the body was found, and folate 
oxidation and catabolic products were identified in faeces and urine. The results 
indicate that, after ingestion, folic acid is eliminated in faeces (38% as pteroylmono
glutamate and its oxidation products) and urine (56% as para-acetomidobenzoyl
glutamate and 5.7% as intact pteroylmonoglutamate). The bioavailability of synthetic 
folic acid after oral intake was estimated to be 90-95% (Lin et al., 2004). 

The bioavailability of calcium L-5-methyltetrahydrofolate and pteroylpoly
glutamate was assessed in a randomized, double-blind, four-period cross-over study 
of 21 healthy women given a single oral dose of folic acid (400 1-1g) or equimolar L-
5-methyltetrahydrofolate with or without prior loading with folic acid (1 mg/day for 
10 days). The plasma folate concentration was measured by immunoassay in fasted 
subjects and every hour for 8 h after intake of the test material. The area under the 
curve (AUC) of concentration-time was calculated for L-5-methyltetrahydrofolate 
without pre-loading (AUC ratio, 156%; 90% confidence interval, 137-177%) and for 
folic acid with pre-loading (AUC ratio, 143; 90% confidence interval, 124-164%). 
The bioavailability of L-5-methyltetrahydrofolate was slightly higher at the start of 
the study but not at the end of the supplementation period. Overall, the bioavailability 
of L-5-methyltetrahydrofolate was similar to that of pteroylpolyglutamate (Prinz
Langenohl et al., 2003). 

In a study with 104 healthy women given calcium L-5-methyltetrahydrofolate 
and pteroylpolyglutamate orally in equimolar concentrations (- 1 00 ~-tg/per day), 
blood plasma and erythrocyte folate concentrations were measured at 4-week 
intervals for 24 weeks. Folate indices were measured by a microbiological assay. 
Similar increases in blood folate concentrations were found during and at the end of 
the study in both treatment groups over those in the placebo control. A steady state 
of saturation had not been achieved by 24 weeks (Venn et al., 2002). 

A study with 180 healthy men and women to quantify the bioavailability of 
naturally occurring folates from food indicated that folates contain polyglutamyl 
conjugates and require intestinal hydrolysis catalysed by g-glutamyl carboxypeptidase 
for absorption of the corresponding monoglutamyl folate derivative. The bioavailability 
was compared with that of monoglutamyl folic acid (262 nmol per day) after 12 weeks. 
The bioavailability of polyglutamyl folic acid was 66% that of the monoglutamyl form 
on the basis of serum and erythrocyte folate concentrations. The authors concluded 
that the polyglutamate side-chain of folates reduces bioavailability (Melse-Boonstra 
et al., 2004). 
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In a controlled intervention study with 96 healthy men, the bioavailability of 
folate from naturally occurring polyglutamyl folate in food was compared with that of 
synthetic monoglutamyl folic acid (supplement tablet, 200 J..tg each) by blood sampling 
and analysis of serum folate and homocysteine levels. Spinach and yeast containing 
polyglutamate:monoglutamate folate at 50:50% and 100:0%, respectively, served 
as natural sources of folate from food, and tablets containing synthetic folic acid 
were given for 30 days. A significant increase in serum folate and lowering of 
homocysteine were demonstrated in men ingesting synthetic folic acid but not in 
those eating spinach or yeast. The authors concluded that the bioavailability of folate 
was 30% from spinach and 59% from yeast relative to synthetic folic acid (Hannon
Fietcher et al., 2004). 

Ten healthy men and women were given a single oral dose (- 570 nmol) of 
(13C6]pteroylglutamic acid ([13C6]folic acid) or ([13C6]5-methyltetrahydrofolic acid after 
fasting. Kinetic monitoring of labelled 5-methyltetrahydrofolic acid in plasma by liquid 
chromatography-mass spectrometry for 8 h indicated that the rate of relative 
bioavailability of labelled folates was slower after dosing with folic acid than with 5-
methyltetrahydrofolic acid (Wright et al., 2003). 

A slower rate and pattern of plasma response to folic acid may be a conse
quence of slow mucosal transfer of moderately high doses of folic acid to the hepatic 
portal vein, where significant folic acid uptake (< 70%) has been documented 
(Gregory, 2001; Kok et al., 2004). Low doses of radiolabelled folic acid and 5-
methyltetrahydrofolic acid had similar short-term distribution, metabolism and kinetics 
in vivo. Therefore, differences in the bioavailability of moderately high doses (several 
hundred micrograms) of monoglutamyl folate species are probably due to hepatic 
uptake, enterohepatic circulation, tissue distribution and urinary reabsorption 
(Gregory, 2001 ). Further causes of differences in bioavailability might be reflected 
by rate-limiting kinetics for the metabolic conversion of folic acid to 5-methyltetrahydro
folic acid, as single doses of folic acid of several hundred micrograms exceeded the 
metabolic capacity for reduction and methylation (Lucock et al., 1989; Kelly et al., 
1997). 

2.1.2 Biotransformation 

The biochemical pathways for the biotransformation of known bioactive folates 
are complex, involving a series of enzymatic reactions and cofactors required for 
formation of products essential in the normal maintenance of various physiological 
processes and genetic events. A simplified version of the metabolic pathways 
involving L-5-methyltetrahydrofolate was available (Figure 2). 

In aqueous media, calcium L-5-methyltetrahydrofolate dissociates readily and 
completely into two components, calcium ion and L-5-methyltetrahydrofolate. L-5-
Methyltetrahydrofolate derived from calcium L-5-methyltetrahydrofolate is therefore 
structurally identical to naturally occurring L-5-methyltetrahydrofolate, and its 
biotransformation would follow the same pathways (Venn et al., 2002). Absorbed 
folates are metabolized in intestinal mucosal cells to L-5-methyltetrahydrofolate; 
however, at intakes > 200-300 J..tg, the capacity of the human intestinal mucosa to 
reduce and methylate folate to L-5-methyltetrahydrofolate is limited, and unaltered 
folic acid appeared in circulating blood (Lucock et al., 1989; Kelly et al., 1997). 
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Figure 2. Metabolic scheme involving L-5-methyltetrahydrofolate 
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2.2 Toxicological studies 

2.2. 1 Acute toxicity 

The acute oral toxicity of calcium L-5-methyltetrahydrofolate was studied in 
rats according to GLP and OECD Guidelines 423. Calcium L-5-methyltetrahydrofolate 
(purity, 97%), calcium D,L-5-methyltetrahydrofolate (racemic mixture; purity, 96.2%), 
calcium D-5-methyltetrahydrofolate (purity, 97.2%), S-triazine oxidation product of 
L-5-methyltetrahydrofolate (purity, 97.5%) and a hydrolysis product of L-5-
methyltetrahydrofolate (purity, 98.6%) were administered at a dose of 2000 g/kg bw 
by gavage to groups of three fasted 7-8-week-old Hsd Cpb:Wu strain rats of each 
sex. Animals received food after 4 h of treatment, were left for a 15-day observation 
period and then killed for necropsy and examination of tissues and organs. All animals 
gained weight normally and survived to the end of the study. No adverse effects 
were observed on gross examination of organs (Heusener & von Eberstein, 
1998a,b,c,d,e). 

2.2.2 Short-term studies of toxicity 

Rats 

Groups of 10 male and 10 female Wistar rats were given calcium L-5-
methyltetrahydrofolate by gavage at single daily dose of 0, 25, 1 00 or 400 mg/kg bw 
for 13 weeks. The study was performed according to GLP regulations (Switzerland), 
OECD testing guidelines 408 and Directive 96/54/EC, 8.26. Food consumption, 
body weights, opthalmologicval end-points, locomotor activity and grip strength were 
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measured during the treatment period. A satellite group of five rats of each sex at 0 
and 400 mg/kg bw per day were treated for 13 weeks and then allowed to recover 
for 4 weeks without treatment. After the treatments and recovery period, 
haematological and biochemical parameters were measured in all animals before 
sacrifice. None of the animals died from treatment-related effects. Organ weights 
were recorded, and histological samples were taken from 1 0 organs from all groups. 
Animals gained weight normally and showed no adverse effects or other changes 
during the observation period. Significantly lower hepatic enzyme activities (lactate 
dehydrogenase, aspartate aminotransferase) were found in males at the highest 
dose, but no other treatment-related changes were observed. The authors concluded 
that the lowered serum liver enzyme activity was not toxicologically relevant. The 
NOEL was 400 mg/kg bw per day, the highest dose tested (Hamann et al., 2001 ). 

2.2.4 Genotoxicity 

The results of studies of the genotoxicity of calcium L-5-methyltetrahydrofolate 
and its main impurities and oxidation products conducted according to GLP are 
shown in Table 1. 

2.2.5 Reproductive toxicity 

Rats 

In a study of embryotoxicity and teratogenicity, groups of presumed pregnant 
Wistar rats were given L-5-methyltetrahydrofolate by gavage at a dose of 0, 100, 
300 or 1 000 mg/kg bw per day on days 5-19 of gestation. The rats were examined 
for clinical signs, body weight and food and water consumption at regular intervals 
from day 0 to day 20. On gestation day 20, the animals were killed and the fetuses 
were removed and examined for macroscopic malformations. Half the fetuses from 
each litter were examined for skeletal malformations and the other half for organ 
malformations as evidence of developmental toxicity. Maternal body-weight gain 
and food consumption were comparable in treated groups and controls; water intake 
was increased among animals at the high dose. There were no treatment-related 
clinical findings, and none of the animals died during the study. In each group, 22-
24 rats were found to be pregnant with viable fetuses. The number of live fetuses, 
percent resorptions, average fetal body weight and sex ratio were not affected by 
treatment. Gross examination of dams did not reveal changes due to treatment. 
Examination of fetuses for external, visceral and skeletal malformations did not reveal 
fetotoxic, embryotoxic or teratogenic effects (Schubert et al., 2003). The study was 
conducted in compliance with the principles of GLP according to Annex 1 of the 
German Chemicals Act and the principles of GLP of the European Union. 

2.3 Observations in humans 

2.3.1 Studies on masking of vitamin 812 deficiency 

The European Union Scientific Committee for Food (2000) established a 
tolerable upper intake of folate of 1 mg per adult per day in order to avoid masking 
vitamin 812 deficiency. The report described studies of vitamin 812 deficiency in 
humans and the clinical features and masking effects of folic acid on the diagnosis 



Table 1. Results of assays for genotoxicity with calcium L-5-methyltetrahydrofolate and some of its impurities 

End-point Test system Test substance Concentration Results Referencea 
or dose 

In vitro 

Reverse mutation S. typhimuriumTA98, TA100, Calcium L -5-methyltetrahydrofolate 5-5000 Jlg/plate Negative Utesch (1999a-e) 
TA102, TA1535, TA1537 and Calcium D L-5-methyltetrahydrofolate 
E. coli WP2 uvr ApKM101 Calcium D-5-methyltetrahydrofolate 

$-Triazine oxidation product of L-5-
methyltetrahydrofolate 
Hydrolysis product of L-5-methyltetra-
hydrofolate (96.2% pure) 

Gene mutation tk locus in mouse lymphoma Calcium L-5-methyltetrahydrofolate 5-5000 Jlglml Negativea Utesch (2000a) 
L5178Y cells (97.2% pure) 

In vivo 

DNA synthesis Male Wistar rat (hepatocytes) Calcium L-5-methyltetrahydrofolate 800 and 2000 Negative Howe (2002) 
and repair (99% pure) mg/kg bw 

Micronucleus Male Wistar rat (bone marrow) Calcium L-5-methyltetrahydrofolate 2000 mg/kg bw Negative Utesch (2000b) 
formation 

S9, 9000 x g supernatant from rat liver 
Studies performed according to !CH Guidelines, European Commission Directive, OECD Guidelines and the requirements of the Labor Ministry of 
Japan, notification dated 13 June 1979 and notification No. 1-24 of the Pharmaceutical Affairs Bureau, Ministry of Health and Welfare of Japan, dated 
11 September 1989 
a In presence of S9; toxic at 1580, 2810, 5000 Jlg/ml (relative growth, 13% and 4%); weakly mutagenic at two highest concentrations. 
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of megaloblastic anaemia in vitamin 812-deficient patients. Reversible megaloblastic 
anaemia and irreversible neuropathy are signs of vitamin 812 deficiency and are a 
result of reduced activity of methionine synthase, the enzyme that catalyses the 
vitamin 8 12-dependent conversion of 5-methyltetrahydrofolic acid to tetrahydrofolate, 
which leads to DNA synthesis and red blood cell formation (Figure 2). Low levels of 
tetrahydrofolate can therefore play a pivotal role in development of the haematological 
signs of vitamin 812 deficiency. The neurological effects stemming from reduced 
activity of methionine synthase in vitamin 812 deficiency are due to blocking of the 
methylation cycle (conversion of homocysteine to methinone), resulting in trapping 
('folate trap') of 5-methyltetrahydrofolic acid substrate. The reduced methylation leads 
to neuropathy, as methyl groups are needed for methylation of myelin basic protein. 
Folic acid can be introduced to correct deficiencies in tetrahydrofolate levels, DNA 
biosynthesis and therefore the haematological effects of vitamin 812 deficiency; 
however, the neurological effects progress because the folic acid does not affect 
methionine synthase, which is responsible for the conversion of homocysteine to 
methinone, the pathway ultimately leading to the provision of methyl groups to 
methyltransferases for methylation of myelin basic protein (Hasselwander et al., 
2000; Scott 2001 ). 

A woman with tropical sprue who was deficient in folic acid and vitamin 812 
was given 100 11g of D,L-5-methyltetrahydrofolate orally for 10 days. Treatment did 
not result in increased serum folate activity or result in clinically significant 
improvement. After administration of 1 11g of vitamin 812, an improvement in 
haematological response was observed. Thus, L-5-methyltetrahydrofolate was not 
metabolically active against the haematological signs of vitamin 812 deficiency and 
therefore did not mask the reported anaemia (Gutstein et al., 1973). 

2.3.2 Studies of gene-nutrient interactions with folate intake 

(a) Studies with variant methylenetetrahydrofolate reductase 

5,1 0-Methylenetetrahydrofolate reductase is a key enzyme in folate 
metabolism, as it reduces 5,1 0-methylenetetrahydrofolate to L -5-methyltetrahydro
folate (Figure 2). Therefore, it plays a role in provision of the methyl groups required 
for DNA, by providing a substrate for re-methylation of homocysteine to methionine. 
lt is also linked to production of the nucleotides essential for DNA synthesis. 

There is a common polymorphism in the general population, which encodes 
for the 5,1 0-methylenetetrahydrofolate reductase gene, resulting in a point missense 
mutation (677C--7 T), which produces a thermolabile form of the enzyme 
(Hasselwander et al., 2000). The variant has variable penetration in different ethnic 
populations, estimated to be 10-15% in the United Kingdom, 20-30% in some Italian 
populations and only a few percent in Afro-Americans (Schneider et al., 1998). 
Persons expressing the mutation (CT or TT genotype) have decreased enzymatic 
activity(- 34% of normal) in association with higher plasma homocysteine levels 
and lower folate intake than persons with wild-type (CC genotype) expression (de 
8ree et al., 2003; Meleady et al., 2003); they may also be at increased risk for 
cardiovascular disease and neural tube defects (Frosst et al., 1995; van der Put et 
al., 1995). The presence of aT allele appears to lower the plasma folate concentration 
(de 8ree et al., 2003). No intervention studies were available to assess gene-nutrient 
interactions with regard to effects of administration of calcium L-5-methyltetra
hydrofolate on plasma folate and homocysteine in this population group. 
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A case-control study of the association between dietary intake of folate, 
vitamin B 12 and vitamin 86 on the risk for colorectal adenomas in persons 
homozygous (TI) for the 5,1 0-methylenetetrahydrofolate reductase mutation showed 
that TT persons with low folate intake were at a two- to threefold greater risk for 
adenomas than TI persons with high folate intake (Uirich et al., 1999). 

(b) Studies with variant thymidylate synthase 

In a study of male and female patients with adenomatous polyps (51 0 cases 
and 604 polyp-free controls), data on folate intake were collected from a dietary 
questionnaire, and the patients were genotyped for a thymidylate synthase 28-base
pair repeat polymorphism in the cis-acting enhancer element. The aim of the study 
was to assess the affect of two polymorph isms in the thymidylate synthase gene on 
risk for colorectal adenomas by estimation of multivariate-adjusted odds ratios (ORs). 
Thymidylate synthase is a key enzyme in catalysing conversion of dUMP to dTMP; 
it is therefore required for DNA synthesis and repair. Double repeats are found less 
commonly than triple repeats, and 2.6-fold less thymidylate synthase is expressed 
with the double repeat than with the triple repeat. Homozygous triple-repeat 
individuals (3rpt/3rpt) with greater thymidylate synthase expression and high folate 
intake (> 440 J.!g/day) had a statistically significant, twofold decrease in the risk for 
colorectal adenomas (OR, 1.0; reference, low-medium folate intake versus 0.5 (0.3-
0.9), high intake). In persons genotyped as homozygous double repeat (2rpt/2rpt), 
however, a high folate intake (> 440 J.!g per day) was associated with a statistically 
significant, 1.5-fold increase in risk (OR, 0.6, 0.4-0.9 versus 0.9, 0.5-1.5; p == 0.03). 
When the folate intake was low(< 440 J.!g per day), persons with the 2rpt/2rpt variant 
had a statistically significantly lower risk than those with the 3rpt/3rpt variant (OR, 
1.0 versus 0.5 (0.3--0.9), high intake). The ORs for persons with 2rpt/3rpt and 2rpt/2rpt 
compared with persons with 3prt/3rpt were 0.8 (0.6-1.2) and 0.9 (0.6-1.3), 
respectively. Similar trends were observed for vitamin B 12 intake (Uirich et al., 2002). 
Although there are a number of common inherited polymorphisms (5, 1 0-methylene
tetrahydrofolate reductase and thymidylate synthase, but also methionine synthase, 
cystathionine ~-synthase, folylpolyglutamate carboxypeptidase), each intimately 
involved in folate metabolism, it is not known to what extent these genetic variants 
contribute to overall folate status and disease risk in the general population. 

2.3.3 Studies of effects on plasma homocysteine 

Epidemiological studies provide evidence of an association between plasma 
homocysteine levels and vascular disease (Loehrer et al., 1996). An important aspect 
in consideration of such observational studies is the association of folate status with 
decreased plasma homocysteine levels (Ciarke, 1998). Three intervention studies 
were available to evaluate changes in plasma homocysteine concentrations in 
persons ingesting calcium L-5-methyltetrahydrofolate. 

In one study, 167 healthy male and female volunteers were given 100 J.!g 
folic acid and equimolar concentration of calcium L-5-methyltetrahydrofolate or 
placebo for 24 weeks. Plasma folate indices and homocysteine concentrations in 
response to treatments were analysed at 8, 16 and 24 weeks of treatment. The 
mean homocysteine concentration was 14.6% lower in the group given folic acid 
and 9.3% and lower in that given calcium L-5-methyltetrahydrofolate than in controls 
(Venn et al., 2002). 
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In a study of similar design, 144 healthy women were given daily supplements 
of 400 11g folic acid and equimolar (416 11g) and half-dose (208 11g) treatments with 
calcium L-5-methyltetrahydrofolate. Increases were observed in plasma folate and 
decreases in plasma homocysteine levels by 15% in the group given folic acid, 19% 
in the group given the half-dose of calcium L-5-methyltetrahydrofolate and 19% in 
that given equimolar treatment (Lamers et al., 2003}. 

When 200 healthy adults were given folic acid, vitamin 812 or calcium L-5-
methyltetrahydrofolate at doses up to 950 11g per person per day for 1 0 weeks, 
significantly elevated plasma folate levels were found in response to folate treatment. 
L-5-Methyltetrahydrofolate and folic acid significantly decreased the plasma 
concentration of homocysteine to a similar extent. These results indicate that calcium 
L-5-methyltetrahydrofolate and synthetic folic acid have similar effects with regard 
to lowering plasma homocysteine (Malinow, 2003). 

Elevated plasma homocysteine is not a specific indicator of inadequate intake 
of folate, as it can be caused by dietary insufficiency of vitamin 812, vitamin 86 or 
riboflavin. Moreover, it is not known whether the effect of lowering blood homocysteine 
concentrations by oral administration of folate lowers the risk for cardiovascular 
disease. 

2.3.4 Studies on tolerance 

Studies on tolerance to calcium L-5-methyltetrahydrofolate and racemic 
calcium D,L-5-methyltetrahydrofolate were conducted in patients on haemodialysis 
or with psychiatric disorders. The patients received 15-17 mg/day for up to 6 months. 
No specific adverse effects were reported (Godfrey et al., 1990; Perna et al., 1997; 
8ostom et al., 2000). Although these controlled clinical studies were conducted under 
medical supervision, the Committee concluded that the test conditions lacked 
relevance for a safety evaluation of the proposed conditions of dietary intake of 
calcium L -5-methyltetrahydrofolate. 

3. DIETARY EXPOSURE 

3. 1 Use levels 

Calcium L-5-methyltetrahydrofolate is intended for use as an alternative to 
folic acid in dietary supplements, foods for particular nutritional purposes and regular 
foods. According to the producer, folic acid and calcium L-5-methyltetrahydrofolate 
can be used interchangeably, and the latter would be used in the same types of 
foods and at the same levels as folic acid. Thus, the intended uses and use levels 
(expressed as folic acid) are the same: food supplements provide 400 11g/day; meal 
replacements provide 200 11g per meal; starch-based fortified foods containing 
1.5-3 11g/kg dry food (corresponding to about 400 11g/kg of prepared food) provide 
2 11g per serving for bread and 60 11g per serving for noodles, pasta and rice; milk
type products containing 300 11g/l provide about 60 11g per serving. 

3.2 Consumption of foods and supplements 

Dietary folates can be natural or synthetic. Most natural dietary folates are 
reduced folates, i.e. derivatives of tetrahydrofolate, including 5-methyltetrahydrofolate. 



L-5-METHYLTETRAHYDROFOL/C ACID, CALCIUM SALT 25 

Folic acid, a synthetic folate, is largely used in food supplements and in food 
fortification. 

The aim of this assessment was to quantify potential exposure to L-5-
methyltetrahydrofolate and to calcium that would derive from use of calcium L-5-
methyltetrahydrofolate in fortified foods and supplements. lt was assumed that this 
compound would be used as a substitute for synthetic folic acid in the same products 
and at the same levels. Assessments of folic acid are therefore reported. 

3.2. 1 Intake of folates from foods and supplements 

Fortification of some foods with folates is mandatory in a number of countries 
(Table 2). The current levels of fortification vary from 40 to 240 11g/1 00 g in cereal

. based products and at 160 11g/1 00 g in milk products in one country. In 2004, 
mandatory fortification of certain foods was proposed by the Australia New Zealand 
Food Standards Agency (2004), but has not yet been enforced. 

Data on exposure to folate have been published in three countries with a 
history of food fortification with folic acid: Ireland, the United Kingdom and the USA. 

Ireland 

In Ireland, the Committee of the Food Safety Authority of Ireland (2003) 
suggested mandatory folic acid fortification of flour at 200 11g/1 00 g in food products 
as consumed, but the programme is not yet effective. Over-the-counter supplements 
are available in Ireland, containing 12.5-500 11g of folic acid, either as a single 
nutrient or as part of a multi-vitamin and mineral supplement 

Intake of folate was assessed on the basis of a food survey involving 1379 
adults aged 18-64 years: the North/South Ireland Food Consumption Survey. Food 
intake was determined from a 7-day food record (Irish Universities Nutrition Alliance, 
2001 ). The results are shown in Table 3. According to this survey, only 2% of women 
aged 18-35 years and 5% of women aged 36-50 years achieve the recommended 
folate intake of 600 11g/day for women of reproductive age. All the women who 
followed the recommendation took folate-containing supplements. For women aged 
18-50 years who took supplemental folate (14%), the mean intake of folate was 
480 11g (233 11g from food and 248 11g from supplements). Overall, the consumption 
of dietary supplements increased the average intake of folates from food sources 
alone from 332 11g to 319 11g for men and from 260 11g to 225 11g for women. 

The main source of folate is potatoes, which provide 17% of the mean daily 
intake. Vegetables contribute 12%; breads, 12%; breakfast cereals, 11 %; alcoholic 
beverages, 8%; and non-alcoholic beverages, 6%. The contribution of folate 
supplements to the mean daily intake is 5%. The highest percentile of intake from 
all sources (662 11g at 97.5th) is that of men. 

United Kingdom 

The United Kingdom has adopted a voluntary approach to fortification of 
foods with folic acid since 1980 (Food Safety Authority, 2002a). Bread and breakfast 
cereals are the main foods that manufacturers have fortified with folic acid, and 
80-90% of breakfast cereals consumed are estimated to be fortified, generally at 
125-200 11g/1 00 g but some brands at a substantially higher level (333 11g/1 00 g). 
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Table 2. Countries in which folic acid fortification is mandatory 

Region and 
country 

Africa 
Malawi 
South Africa 

Zambia 

Middle East 
Saudi Arabia 
North America 
Canada 

Mexico 
USA 

Year man- Foods fortified with folic acid Level of fortification 
(/-lg/100 g) datory fortifi-

cation introduced 

2002 

2000 

1998 

2002 
1998 

Maize flour 200 
Maize meal 190 
Wheat: flour white, brown 130 
Bread: white, brown 70 
Enriched maize meal 240 

Enriched wheat, enriched treated flour 150 

Flour (white, enriched, enriched white) 
Enriched bread, pasta, pre-cooked rice 
Wheat flour, corn flour 
Enriched cereal grain product including 
enriched: wheat flour, bread, corn grits, 
corn rneal, farina, rice, macaroni products 

150 

180, 130 
140 

Central and South America and Caribbean 
Argentina 2002 Wheat flour 
Bolivia 1996 Wheat flour 
Chile 1997 Wheat flour 
Colombia 1996 Wheat flour 
Costa Rica 2002 Wheat flour, corn flour, rice, milk 
Dominican 2003 Wheat flour 

Republic 
Ecuador 1996 Wheat flour 
El Salvador, 2002 Wheat flour, corn flour 
Guatemala 

Honduras 2002 Wheat flour, corn flour 
Nicaragua 1998 Wheat flour, corn flour 
Panama 2002 Wheat flour, corn flour 
Paraguay 2002 Wheat flour, corn flour 

1998 Wheat flour 

220 
150 
200-240 
150 
180, 130, 180, 160 
180 

60 
180, 130 

180, 130 
40-80,40-80 
180, 130 
180, 130 
300 

South East Asia 
Indonesia Unknown Enriched wheat flour 200 

Modified from Australia New Zealand Food Standards Agency (2004) 

Fortification of bread, to a level of about 120 ~g/1 00 g, is less widespread (Department 
of Health, 2000). Some low-fat spreads have been fortified to a level of 200 ~g per 
20-g portion. Folic acid supplements are sold in supermarkets, other retail outlets 
and pharmacies, with maximum daily doses of up to 500 ~g folic acid (Food Safety 
Authority, 2002a). 

The intake of folates was assessed on the basis of the National Diet and 
Nutrition Survey performed in 2000-1 among adults aged 19-64 years (Food Safety 
Authority, 2003). Overall, the consumption of dietary supplements increased the 
average intake of folates from food sources alone from 344 ~g to 359 ~g for men 
and from 251 ~g to 292 ~g for women. The contribution of supplements was most 
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Table 3. Folate intake {Jlg) from all sources and from food sources 
(excluding supplements) in Ireland among persons aged 18-64 
years 

Source Men (n = 662) Women (n = 717) 

All sources 
Mean 332 260 
SD 128 144 
Median 309 225 

Percentile 
5th 164 126 
95th 576 532 
97.5th 662 638 

Food 
Mean 319 225 
SD 117 77 
Median 300 212 

Percentile 
5th 162 123 
95th 516 368 
97.5th 595 418 

From Irish Universities Nutrition Alliance (2001 ); SD, standard deviation 

27 

marked for women aged 50-64 years, with an increase over that from food sources 
alone of 34% (from 2681lg to 3591-lg). No estimates were available for high percentile 
intake of folic acid in the United Kingdom. 

The main source of folates in the diets of respondents were cereals and 
cereal products, which provided 33% of the mean daily intake, with just under half, 
15%, from breakfast cereals. Other major sources were vegetables, potatoes and 
savoury snacks and drinks, including beer and lager. 

In 2002, the Food Standard Agency (2002b) discussed mandatory fortification 
of flour with folic acid and assessed the potential impact of varying the fortification 
rate on the intakes of population groups. In particular, they examined the potential 
risk that high intakes of folic acid would mask vitamin B 12 deficiency in older persons. 
According to Clarke et al. (2004), this deficiency affects about 5% of persons aged 
65-7 4 years and > 1 0% of persons aged 75 years or older. On this basis, the Food 
Safety Authority decided not to recommend mandatory fortification. 

USA 

Intake of folate was assessed on the basis of the Continuing Survey of Food 
Intakes by Individuals, conducted in 1996 on 5188 persons of all ages (United States 
Department of Agriculture, 1997). The mean folate intakes are presented in Table 4. 

In the Boston Nutritional Status Survey on use of folic acid supplements by 
elderly men and women, the median intake of folate from supplements was 
400 11g/day; the 95th percentile intake was 2400 11g/day for men and 1 000 11g/day 
for women (Institute of Medicine, 1998). 

Addition of folic acid to all enriched cereal-grain foods (which are supple
mented with iron, thiamin, riboflavin and niacin) was mandated by the Food and 
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Table 4. Folate intake in the USA, 1 day 

Sex Age group (years) Folate intake (!lg) 

Male and female :s;5 188 
Male 6-11 263 

12-19 292 
2 20 303 

Female 6-11 232 
12-19 247 
2 20 228 

All persons 256 

Modified from United States Department of Agriculture (1997) 

Drug Administration (1996) and initiated in 1998. The amount of folic acid added to 
flour, rice, breads, rolls and buns, pasta, corn grits, cornmeal, farina, macaroni and 
noodle products is 95-3091-!g/1 00 g of product. This range of fortification was selected 
on the basis of a target level of 140 j.!g/1 00 g of the cereal-grain product, to increase 
typical folate intake by about 1 00 j.!g/day, with a minimal intake of> 1 mg/day. Lewis 
et al. (1999) estimated the total folate intakes of various population groups, including 
children, on the basis of the results of national food consumption surveys, with 
corrections to reflect the required levels of folic acid to be added to foods. Their 
estimates, which are based on theoretical, not measured, values, suggested that 
15-25% of children between the ages of 1 and 8 years could have intakes of folic 
acid that surpass the tolerable upper intake levels of 300 j.!g/day for 1-3-year-olds 
and 400 j.!g/day for 4-8-year-olds, established on the basis of body weight (Institute 
of Medicine, 1998; Scientific Committee for Food, 2000; FAO/WHO, 2001 ). The 
intakes exceeded predictions by an average of almost 200 j.!g of folate per day 
across all sectors of the community, including the target group of women of 
reproductive age (Choumenkovitch et al., 2002; Quinlivan & Gregory, 2003). 

Folate was measured by a microbiological assay with trienzyme digestion in 
150 enriched cereal-grain products and other products fortified with folic acid and 
available on the market in the USA (Rader et al., 2000). For each product, the 
measured amount of total folate was compared with the amounts declared on the 
label and the amounts of folic acid required by regulation. In a considerable number 
of the food products analysed, the measured amount of folate was appreciably higher 
than the folic acid levels required by regulation. 

The Framingham Offspring cohort study showed that the prevalence of older 
persons who did not use supplements and who consumed less than the estimated 
average requirement of folate (defined as 320 j.!g folate equivalent per day) decreased 
from 49% before mandated folic acid fortification to 7% afterwards. The intake was 
> 1 mg only for persons who regularly consumed B-vitamin supplements containing 
folic acid and products fortified with folic acid. The proportion of persons who 
exceeded this limit rose from 1.3% before fortification to 11.3% afterwards 
(Choumenkovitch et al., 2002). 

A study of 1573 mainly African-American women and men, who are more 
susceptible to pernicious anaemia than other ethnic groups showed that the 
proportion who had poor vitamin 812 status without anaemia did not change 
significantly between the pre-fortification period (39%) and after full implementation 
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of mandatory fortification (38%). The authors concluded that mandatory fortification 
did not increase the prevalence of masking of vitamin B12 deficiency (Mills et al., 
2003). The introduction of mandatory fortification was found to increase the number 
of persons who were at risk for masking of vitamin B12 deficiency, but the value 
remained below 1 %, and no actual cases of masking were reported in the USA. 

Other countries 

The average folate intake in Europe is about 300 11g/day for men and 250 11g 
for women {de Bree et al., 1997). High intake levels (97.5th percentile) of folate from 
dietary sources of around 500 11g/day have been reported. Data from the Second 
Dutch National Food Consumption Survey on supplement use indicated that the 
mean folic acid intake from supplements among users was 100 11g, with a 97.5th 
percentile intake of 400 11g and a maximum intake of 800 11g (Ronda et al., 1996). In 
Germany, the median intake of folate from natural sources was about 250 11g in 
adults; only a minority of the population took vitamin supplements regularly, but, 
among those who did, supplementation accounted for about 60% of total intake 
(Gonzalez-Gross et al., 2002). 

3.2.2 Intake of calcium from calcium L-5-methyltetrahydrofolate 

The specifications for purity provided by the producer suggest that the 
percentage of calcium in calcium L-5-methyltetrahydrofolate is 7.0-8.5%. Intake of 
calcium from calcium L-5-methyltetrahydrofolate would amount to 0.08 mg per adult 
per day if the intake of this compound provided 1 mg of folate per day, the tolerable 
upper intake level for folic acid. This intake of calcium is insignificant in comparison 
with the tolerable upper intake levels for calcium set by the European Union Scientific 
Committee for Food (2003), the United States Institute of Medicine (1997) and the 
FAO/WHO Consultation on Human Vitamin and Mineral Requirements (FAO/WHO, 
2001 ), i.e. 2.5- 3 g per person per day. 

4. COMMENTS 

Toxicological data 

Studies in humans indicate that L-5-methyltetrahydrofolic acid is the only 
form of folate normally taken up by cells and appearing in plasma, and that cellular 
uptake is mediated by a reduced folate carrier and folate receptors, which are integral 
plasma membrane proteins. At exposure to folate of> 200-300 11g/day per person, 
the metabolic capacity of the human intestinal mucosa for folic acid begins to be 
exceeded, resulting in small amounts of unaltered folic acid in circulating blood. 

In humans given 3H- and 14C-folic acid orally, the bioavailability of synthetic 
folic acid was estimated to be 90-95%. A study of the absorption of calcium L-5-
methyltetrahydrofolate indicated that it dissociates in aqueous media into Ca2• and 
L-5-methyltetrahydrofolic acid. After absorption, the latter enters the circulation 
directly, becoming indistinguishable from other absorbed and metabolized natural 
folates or from L-5-methyltetrahydrofolate formed from synthetic folic acid. The 
bioavailability of calcium L-5-methyltetrahydrofolate and synthetic folic acid 
(400 11g/day per person as folate) was compared in a randomized, double-blind, 
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cross-over study of 21 healthy women. The bioavailability of the two compounds 
was found to be similar. In a 24-week placebo-controlled study in women, the 
appearance of folate derived from equimolar concentrations of calcium L-5-methyl
tetrahydrofolate and folic acid was compared in plasma and erythrocytes by a 
microbiological assay: similar values were found for the two supplements. 

A comparison of the bioavailability of naturally occurring folate from food and 
synthetic folic acid in humans showed significant differences, with a lower level of 
bioavailability from natural folate than from synthetic folic acid. Another study found 
that synthetic folic acid appeared in human plasma more slowly than natural folate. 
The Committee noted that the differences in bioavailability might reflect rate-limiting 
kinetics for the metabolic conversion of folic acid to L-5-methyltetrahydrofolic acid, 
as low doses of radiolabelled compounds showed similar short-term distribution, 
metabolism and kinetics in vivo. Moderately high doses (several hundred micrograms) 
of folic acid are likely to result in significant hepatic uptake, enterohepatic circulation, 
tissue distribution and urinary reabsorption. 

Calcium L -5-methyltetrahydrofolate was not acutely toxic to rats after a single 
oral dose (LD50 > 2000 mg/kg bw): no gross changes in organs were observed at 
necropsy, and all animals gained weight and survived until end of the 15-day 
observation period. In a short-term study of toxicity in male and female Wistar rats 
given calcium L-5-methyltetrahydrofolate orally for 13 weeks, no adverse effects 
were seen. The NOEL was 400 mg/kg bw per day, the highest dose tested. A study 
of embryotoxicity and teratogenicity in Wistar rats given the compound showed no 
effects up to the highest dose tested (1000 mg/kg bw). The results of a battery of 
assays for genotoxicity in vitro and in vivo did not indicate any genotoxic potential. 

No long-term studies of toxicity or carcinogenicity were submitted; however, 
the Committee noted that, given the well-characterized metabolism and nutritional 
function and the known fate of naturally occurring reduced L-5-methyltetrahydrofolic 
acid as an essential vitamin in humans, such studies were not required. 

The Committee took note of a case report in which L-5-methyltetrahydrofolic 
acid did not mask the clinical features of vitamin 812 deficiency. Vitamin 812 is 
essential for the activity of methionine synthase, which converts homocysteine to 
methionine, with L-5-methyltetrahydrofolic acid as a co-factor. Recycling of 
homocysteine back to methionine is part of the methylation cycle necessary for 
methyltransferases, which methylate a wide range of substrates, such as hormones, 
lipids and proteins, including neural myelin basic protein. In vitamin 812 deficiency, 
the recycling of homocysteine back to methionine diminishes with the level of 
methionine synthase activity, resulting in neuropathy. Owing to the diminished activity 
of the enzyme, administration of L-5-methyltetrahydrofolic acid has no effect on the 
methylation cycle. Likewise, administration of synthetic folic acid has no effect on 
the methylation cycle because it is not a substrate of the enzyme. The pernicious 
anaemia arising from vitamin 812 deficiency is corrected by synthetic folic acid 
because it replenishes the supply of tetrahydrofolate and thereby restores the 
metabolic pathway leading to DNA biosynthesis and red blood cell formation. Folic 
acid does not restore methylation reactions via methionine synthase, so that 
neuropathy can progress in the absence of pernicious anaemia (masking). L-5-
Methyltetrahydrofolic acid is not expected to correct the pernicious anaemia caused 
by vitamin 812 deficiency because diminished methionine synthase activity leads 
to failure to convert L-5-methyltetrahydrofolic acid to tetrahydrofolate, the pathway 
leading to DNA biosynthesis and red blood cell formation. No data were available to 



L-5-METHYLTETRAHYDROFOL/C ACID, CALCIUM SALT 31 

determine whether long-term administration of L-5-methyltetrahydrofolic acid would 
not mask vitamin 812 deficiency. 

Epidemiological studies provided evidence that high plasma homocysteine 
levels are a risk factor for cardiovascular disease. A meta-analysis of clinical trials 
showed that 0.5-5 mg of folic acid could reduce blood homocysteine concentrations 
by 25-33%. In three intervention studies, lasting up to 24 weeks, groups of healthy 
persons were given folic acid, vitamin B 12 or calcium L-5-methyltetrahydrofolate at 
a dose of :::; 950 J.lg per person per day. Significantly elevated plasma folate levels 
were found in response to folate treatment, accompanied by significantly lower levels 
of plasma homocysteine, ranging from 9% to 19%. Calcium L-5-methyltetrahydro
folate and synthetic folic acid had similar effects. 

Methylenetetrahydrofolate reductase is a key enzyme in folate metabolism, 
converting methylenetetrahydrofolate to L-5-methyltetrahydrofolic acid. Persons 
homozygous for a mutation in the gene encoding 5-methyltetrahydrofolic acid 
reductase have decreased specific enzymatic activity (- 34% of normal), lower 
plasma folate levels and higher plasma homocysteine concentrations than persons 
who express the wild-type gene. The prevalence of this mutant genotype is related 
to ethnic group, but elevated homocysteine levels are not a specific indicator of 
inadequate intake of folate. 

In a series of studies with healthy persons who had not been not genotyped 
for 5-methyltetrahydrofolic acid reductase activity, L -5-methyltetrahydrofolic acid was 
found to be as effective as folic acid in lowering plasma homocysteine, at doses as 
low as 400 J.lg/day as folate. 

In a case-control study of the risk for colorectal adenoma associated with 
two polymorphisms in thymidylate synthase, a key enzyme in folate metabolism 
downstream of L-5-methyltetrahydrofolic acid, an intake of folic acid > 440 J.lg/day 
was associated with a 1 .5-fold increase in risk for colorectal adenomas in polymorphic 
individuals with a double-repeat in the enhancer region of the thymidylate synthase 
gene and an estimated threefold decreased risk in individuals with a more common 
triple repeat. The Committee noted the existence of several common inherited 
polymorphisms in folate-metabolizing enzymes; however, the influence and human 
health significance of such gene-nutrient interactions on overall folate status is 
unclear. 

No controlled studies on human tolerance to calcium L-5-methyltetrahydro
folate were submitted to the Committee. Circumstantial evidence for high tolerance 
to the compound and to calcium DL-5-methyltetrahydrofolate was provided by studies 
in which oral doses of 15-17 mg/day for up to 6 months were given to haemodialysis 
or psychiatric patients. Although no toxic effects were reported, the scope and design 
of the studies were inadequate to contribute to a safety evaluation. 

Assessment of dietary exposure 

Both in Europe and the USA, the average folate intake from food sources is 
about 300 J.lg/day for men and 250 J.lg/day for women. Assessments of exposure to 
folate were available from three countries with a history of supplementation and 
food fortification with folic acid. lt was assumed that calcium L-5-methyltetra
hydrofolate would be substituted for synthetic folic acid in the same products and at 
the same levels. Supplementation leads to increases in the average intake of folate 
in the adult population of 15-90 J.lglday (Ireland and the United Kingdom), and 



32 L-5-METHYLTETRAHYDROFOL/C ACID, CALCIUM SALT 

mandatory fortification of foods could increase the average intake of folate by about 
200 ).lg/day (USA). Overall intake from natural foods, fortified foods and supplements 
could reach 1 mg or more per day for some segments of the adult population. 

The calcium provided by 1 mg of calcium L-5-methyltetrahydrofolate amounts 
to 0.08 mg per adult per day which is insignificant in comparison with the tolerable 
upper intake levels for calcium. 

5. EVALUATION 

The Committee concluded that, in humans, the bioavailability of calcium L-5-
methyltetrahydrofolate is similar to that of folic acid and that synthetic calcium L-5-
methyltetrahydrofolate has the same metabolic fate as other absorbed natural folates. 
The Committee evaluated the intended use of calcium L-5-methyltetrahydrofolate 
as a substitute for folic acid but did not evaluate the safety of folate fortification and 
supplementation. The Committee had no concern about the safety of the proposed 
use of calcium L-5-methyltetra-hydrofolate in dry crystalline or microencapsulated 
form as an alternative to folic acid in dietary supplements, foods for special dietary 
uses and other foods. 

In view of a number of common inherited polymorph isms in folate metabolism, 
the Committee recommended that the health effects of folates be evaluated further 
when there is better understanding of the role of relevant genetic polymorph isms in 
the population. 
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1. EXPLANATION 

The enzyme preparation that was evaluated contains the enzyme phospho
lipase A 1 (phosphatidylcholine 1-acylhydrolase ), which has not been evaluated 
previously by the Committee. Phospholipase A 1 is an enzyme that acts specifically 
on the fatty acid in position 1 of phospholipid substrates, resulting in the formation of 
lysophospholipids and free fatty acids. 

The phospholipase A 1 enzyme preparation (trade name, Novozym 46016) 
is produced by submerged fermentation of an Aspergillus oryzae production strain 
carrying a gene encoding phospholipase A 1 from Fusarium venenatum. The enzyme 
is subsequently partially purified and concentrated, resulting in a liquid enzyme 
concentrate, which, in the final preparation, is stabilized, formulated and standardized 
with glycerol, sucrose, water, sodium benzoate and potassium sorbate. The enzyme 
activity is measured relative to a porcine pancreas phospholipase A2 (lecitase) 
standard and is expressed in lecitase units (LEU). Novozym 46016 has a typical 
activity of 2000 LEU/g, and has the following composition: total organic solids, - 2%; 
water,- 51%; glycerol,- 35%; sucrose,- 1 0%; ash (mainly sodium chloride),- 2%; 
sodium benzoate, - 0.2%; and potassium sorbate, - 0.2%. 

-37-
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Novozym 46016 is intended for use in the dairy industry as a processing aid 
in the manufacture of cheese, to produce modified phospholipids in milk. The modified 
phospholipids have improved emulsification properties and help to retain more solids 
in the cheese. The recommended dosage is up to 1 0 LEU/g milk fat, corresponding 
to 350 LEU (or 0.175 g Novozym 46016)/1 milk if the milk contains 3.5% milk fat. 

1. 1 Genetic modification 

The host strain for the phospholipase A 1 gene, the A. oryzae BECh2 strain, 
was derived from A. oryzae strain IFO 4177 (synonym A 1560). A. oryzae is known 
to contain genes involved in the synthesis of the secondary metabolites cyclopiazonic 
acid, kojic acid and 3-~-nitropropionic acid, as well as genes involved in the synthesis 
of aflatoxins. Therefore, in a first step, A. oryzae strain A 1560 was genetically modified 
by site-directed disruption of the endogenous amylase and protease genes to allow 
production of phospholipase A 1 without enzymatic side activities. In the following 
two steps, the modified strain (designated A. oryzae Jal 228) was irradiated to 
remove its potential to produce secondary metabolites. First, the Jal 228 strain was 
exposed toy-radiation, resulting in a mutant (designated A. oryzae BECh1) that is 
devoid of genes involved in the synthesis of aflatoxins and cyclopiazonic acid. 
Subsequently, the BECh1 strain was subjected to ultra-violet radiation, resulting in 
a mutant (designated A. oryzae BECh2) that is impaired in kojic acid synthesis. lt is 
this BECh2 strain that is used as the host strain for the phospholipase A 1 gene. 
When tested under conditions optimal for the production of secondary metabolites, 
the BECh2 strain did not produce aflatoxins (or the intermediate compounds 
sterigmatocystin and 5-methoxysterigmatocystin), cyclopiazonic acid or 3-~-nitro
propionic acid, and, although it produced kojic acid, it did so only at a level of about 
15% of that produced by the A 1560 and BECh1 strains. 

The phospholipase A 1 gene originates from F venenatum CC1-3. Although 
F venenatum is known to produce secondary metabolites such as trichothecenes, 
culmorins, enniatins and fusarins, the genetic material transferred to A. oryzae is 
limited to the phospholipase A 1 coding sequence. Therefore, the A. oryzae production 
strain cannot produce any secondary metabolites from F venenatum. 

The phospholipase A 1 gene is cloned into an A. oryzae expression plasmid, 
generating the phospholipase A 1 expression plasmid pPFJo142. This expression 
plasmid is based on the standard Escherichia coli vector pUC and contains known 
and well-characterized DNA sequences. The pPFJo142 expression plasmid was 
used to transform the A. oryzae BECh2 host strain to obtain the A. oryzae PFJo142 
production strain. The plasmid is stably integrated into A. oryzae chromosomal DNA 
and does not contain antibiotic resistance genes. The inserted DNA also does not 
encode for or express any substances known to be harmful or toxic. Phospholipase 
A 1 expressed by the production strain has no significant amino acid sequence 
homology with known allergens or toxins listed in publicly available databases. When 
analysed for aflatoxin 81 , ochratoxin A, sterigmatocystin, T-2 toxin, zearalenone, 
cyclopiazonic acid, kojic acid and 3-~-nitropropionic acid, none of these secondary 
metabolites was detected in two test batches of the enzyme preparation. 

1.2 Product characterization 

Phospholipase A 1 is produced by submerged fed-batch pure cultur~ 
fermentation of the A. oryzae PFJo142 production strain. lt is secreted into the 



PHOSPHOLIPASE FROM F. VENENATUM EXPRESSED IN A. ORYZAE 39 

fermentation medium, from which it is recovered and concentrated, and subsequently 
stabilized, formulated and standardized with glycerol, sucrose, water, sodium 
benzoate and potassium sorbate. The enzyme preparation is added to milk before 
the coagulation step in the manufacture of cheese. After coagulation, most of the 
enzyme is drained off with the whey stream, which is pasteurized, resulting in 
inactivation of phospholipase A 1. Any enzyme remaining in the cheese can no longer 
function, either because there is no substrate left, or because the substrate is 
occluded by the solid cheese matrix and therefore unavailable to the enzyme. Cheese 
can contain the reaction products, lysophospholipids and free fatty acids, which are 
considered normal constituents of the diet. 

The phospholipase A 1 enzyme preparation conforms to the General 
Specifications and Considerations for Enzyme Preparations Used in Food Processing 
prepared by the Committee at its fifty-seventh meeting (Annex 1, reference 156). 
The enzyme preparation is free from the production organism and recombinant 
DNA. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects 

F. venenatum phospholipase A 1 was assessed for potential allergenicity by 
comparing its amino acid sequence with those of known allergens listed in publicly 
available databases (SWALL and GenBank). No immunologically significant 
sequence homology was detected. A sequence homology assessment of F. 
venenatum phospholipase A 1 with respect to the sequences of known toxins listed 
in the same databases also revealed no significant homology. 

2.2 Toxicological studies 

The host organism A. oryzae is not pathogenic and has a long history of safe 
use in food. Enzyme preparations from A. oryzae have been evaluated previously 
by the Committee, which concluded that, since a-amylase and protease from A. 
oryzae are derived from a microorganism that is accepted as a constituent of foods 
and is normally used in food production, they must be regarded as foods and are 
thus acceptable for use in food processing (Annex 1, reference 77). An ADI 'not 
specified' was allocated to lipase from A. oryzae (Annex 1, reference 35), as well as 
to laccase from a recombinant strain of A. oryzae (Annex 1, reference 167). 

A. oryzae host strains derived from strain A 1560 have been used in the 
construction of several other Novozym enzyme products, including four enzymes 
derived from the same host strain, A. oryzae BECh2, as the phospholipase A 1 
enzyme. These four enzymes include a modified lipase, glucose oxidase and two 
xylanases. The DNA introduced into the production strains of these four enzymes is 
essentially the same as that introduced into the phospholipase A 1 production strain 
A. oryzae PFJo142, except for the sequence encoding the specific enzyme. All the 
Novozym enzyme products, including the four A. oryzae BECh2-derived enzymes, 
were stated to have been assessed for safety (in at least a 13-week study of toxicity 
in rats treated orally, an assay for mutagenicity in bacteria in vitro and a cytogenetic 
assay in human lymphocytes in vitro) and approved in many countries (e.g. Australia, 



40 PHOSPHOLIPASE FROM F. VENENATUM EXPRESSED IN A. ORYZAE 

Canada, Denmark and France) or were the subjects of GRAS notices submitted to 
the United States Food and Drug Administration. 

The sponsor concluded that the BECh2 host strain and the production strains 
derived therefrom constitute a safe strain lineage and that the phospholipase A 1 
enzyme preparation needed only limited toxicological testing. Accordingly, only two 
toxicological studies in vitro were performed (see below) with a phospholipase A 1 
liquid enzyme concentrate (batch PPW 22837; dry matter content, 13.8% w/w), 
which had not undergone stabilization, formulation or standardization. Additionally, 
summaries were provided of toxicological studies performed with the other four A. 
oryzae BECh2-derived enzymes. On request, full toxicological data were also 
provided for one of these four enzymes, a xylanase (called Shearzyme) that had 
been tested recently. Except for the sequence coding for xylanase (derived from A. 
aculeatus), the DNA introduced into the xylanase production strain is the same as 
that introduced into the phospholipase A 1 production strain. The toxicological studies 
were performed with one test batch of the xylanase liquid enzyme concentrate (batch 
PPJ 6867; dry matter content, 12.4% w/w; enzyme activity, 2000 fungal xylanase 
units/g, total organic solid content, 10.1 %; specific gravity, 1.054 g/ml), without 
formulation or standardization. 

2.2. 1 Genotoxicity 

(a) Phospholipase A 1 

Phospholipase A 1 (batch PPW 22837) was tested for its capacity to induce 
reverse mutation in vitro in a study that followed OECD test guideline 471 (1997), 
without a repeat experiment, and was certified for compliance with GLP. 
Concentrations of 156-5000 mg/ml were tested in S. typhimurium strains TA98, 
TA100, TA1535 and TA1537 and E. coli WP2uvrA with and without a 9000 x g 
supernatant from rat liver (S9), by the 'treat-and-plate' method (to avoid problems 
due to the presence of tree amino acids like histidine and tryptophan in the 
phospoholipase preparation) and by the plate incorporation method for the E. coli 
strain. Cell viability was reduced in the 'treat-and-plate' assay (most pronounced 
with S9), with concurrent weak reductions in the number of revertants. Growth 
inhibition in the plate incorporation assay was weak and insignificant at higher 
concentrations (Pedersen, 2004). The result is impossible to interpret because there 
was considerable cytotoxicity. Although no explanation was provided for this 
observation, it might have been due to enzymatic activity on the cells. 

(b) Xylanase 

The results of three studies of genotoxicity with xylanase (batch PPJ 6867) 
in vitro are summarized in Table 1. The first study followed OECD test guideline 471 
(1997) and the second OECD test guideline 473 (1997). The second and third study 
were certified for compliance with GLP and QA. 

2.2.2 Special studies: Cytotoxicity 

The cytotoxic potential of phospholipase A 1 (liquid enzyme concentrate, batch 
PPW 22837) was examined in the neutral red uptake assay in cultured L929 mouse 
fibroblast cells. This assay for cell survival and viabilityis based on the ability of 
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Table 1. Genotoxicity of xylanase in vitro 

End-point Test system Concentration Results Reference 

Reverse mutation S. typhimuriumTA98, 156-5000 Negativea Pedersen (2003) 

Chromosomal 
aberration 

Micronucleus 
induction 

TA100, TA102, mg/plate, ±S9 
TA1535,TA1537 

Human lymphocytes 1st experiment: Negativeb Whitwell (2003a) 
3200, 4000 or 
5000 119/ml, ±S9 
2nd experiment: 
2813, 3750 or 5000 
119/ml, ±S9 

Human lymphocytes 1st experiment: Negativec Whitwell (2003b) 
3200, 4000 or 
5000 119/ml, ±S9 
2nd experiment: 
2813, 3750 or 5000 
119/ml, -S9 

S9, 9000 x g supernatant from rat liver 
a With and without S9, by the plate incorporation method and, forS. typhimuriumstrain TA 1535, 

also the 'treat-and-plate' method (to avoid problems if the test substance contained significant 
levels of bioavailable histidine); no cytotoxicity observed 

b With and without S9. In the first experiment, the cell cultures were treated for 3 h without and 
with S9 and were harvested 17 h later. No effects on mitotic index were observed. In the 
second experiment, the cells were exposed continuously for 20 h without S9 and then 
harvested. With S9, the cells were treated for 3 hand harvested 17 h later. No effects on the 
mitotic index were observed. 

c With and without S9. In the first experiment, the cell cultures were treated for 3 h without and 
with S9 and were harvested 21 h later. In the second experiment, the cells were exposed 
continuously for 48 h without S9 and then harvested. No micronuclei were induced. 

viable cells to incorporate and bind neutral red, a weakly cationic dye that readily 
penetrates cell membranes by non-ionic diffusion and accumulates intracellularly in 
lysosomes. Cytotoxicity is expressed as the concentration of test material required 
to reduce the uptake of neutral red to 50% that of untreated cells after 24 h of 
exposure (NRU50). The study was certified for compliance with GLP. Phospholipase 
A 1 was not cytotoxic in this assay, given the cell viability of 91-97% at concentrations 
of 0.3-30 mg/ml phospholipase A 1 (in Earle minimum essential medium with 1 0% 
fetal bovine serum) as compared with 100% for untreated control cells. Hence, the 
NRU50 value for phospholipase A 1 was > 30 mg/ml (Eivig-Jorgensen, 2003). 

3. DIETARY EXPOSURE 

The phospholipase A 1 enzyme preparation is intended for use in the dairy 
industry to modify milk before coagulation. Experience with this enzyme is currently 
limited to production of mozzarella and Cheddar cheese, but it could be used for the 
production of other types of cheese. After coagulation of the cheese, most of the 
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enzyme is drained off with the whey stream, which is then pasteurized, causing 
inactivation of the enzyme activity. Whey is a by-product that is usually introduced 
into the food chain as an ingredient of other processed foods. it can be assumed 
that the enzyme is distributed evenly to the overall mass, i.e. if 1 00 I milk typically 
gives 1 0 kg of cheese, an estimated 1 0% of the enzyme would remain in the cheese 
and 90% would be present in the whey. The portion that may remain in the cheese 
is inactive due to lack of substrate: within 20 min, more than 95% of the target 
phospholipids are hydrolysed, and there is no further reaction after 2.5 h. 

The possible dietary intake of the enzyme from whey derivatives used as 
ingredients in processed foods is difficult to assess owing to the large variety of 
potential uses. Overall dietary intake of the enzyme was assessed only from cheese 
consumption but on the assumption that all the enzyme added to milk would remain 
in the cheese. it was also assumed that: 

All cheese is produced with the phospholipase A 1 enzyme preparation as a 
processing aid. 
The enzyme preparation contains 2% total organic solids. 
The dose of phospholipase A 1 enzyme preparation was the recommended 
level, 17.5 g/1 00 I milk (equivalent to 350 LEU/1 milk if the milk contains 3.5% 
milk fat). 

- 100 I of milk typically makes 1 0 kg of cheese. 
Cheese would then contain 0.035 mg of total organic solids per g: (17.5 g x 0.02)/ 
10 000. 

According to the budget method, the upper physiological consumption of 
food is 50 g/kg bw per day (Hansen, 1979). A conservative scenario would be 
consumption of 6.25 g/kg bw per day of cheese (375 g of cheese per day by a 
person weighing 60 kg). The hypothetical dietary intake of total organic solids from 
cheese would then be 0.22 mg/kg bw, corresponding to 13 mg for a person weighing 
60 kg. 

4. COMMENTS 

Toxicological data 

Only two toxicological studies were performed in vitro with the phospholipase 
A 1 enzyme under evaluation, because the A. oryzae BECh2 host strain and the 
production strain A. oryzae PFJo142 derived therefrom were considered to constitute 
a safe strain lineage. Additionally, summaries were provided of toxicological studies 
performed with four enzymes derived from the same host strain, A. oryzae BECh2: 
a modified lipase, glucose oxidase and two xylanases. The DNA introduced into the 
production strains of these enzymes is essentially the same as that introduced into 
the phospholipase A 1 production strain, except for the sequence encoding the specific 
enzyme. At the request of the Committee, full toxicological data were also provided 
on one of the four enzymes, a xylanase on which studies had recently been 
conducted. The studies were a 13-week study of oral toxicity in rats, an assay for 
mutagenicity in bacteria in vitro and two assays of cytogeneticity in human 
lymphocytes in vitro. 

In the two toxicological studies with the phospholipase A 1 enzyme, a test 
batch of the liquid enzyme concentrate was used, without stabilization, formulation 
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or standardization. The liquid enzyme concentrate was not cytotoxic in an assay in 
mammalian cells in vitro. Considerable cytotoxicity was, however, observed in 
bacteria in vitro, making it impossible to interpret the result. The experiment was not 
repeated. Although no explanation was given for the observed cytotoxicity, the 
Committee considered that it might have been the result of enzymatic activity on the 
cells. In contrast to the finding for phospholipase A 1, no cytotoxicity was observed 
when the enzyme xylanase, which is also derived from the host strain A. oryzae 
BECh2, was tested in the same assay for mutagenicity in bacteria in vitro. 

The Committee noted that the materials added to the phospholipase A 1 liquid 
enzyme concentrate for stabilization, formulation and standardization have either 
been evaluated previously by the Committee or are common food constituents and 
do not raise safety concerns. 

Assessment of dietary exposure 

When phospholipase A 1 is used as a processing aid in the production of 
cheese, most of the enzyme is drained off with the whey, and only a small amount 
remains in cheese. Although whey derivatives are known to be used as ingredients 
in processed foods, it is difficult to assess potential dietary exposure because of the 
wide variety of uses. On the basis of a conservative estimate of daily consumption 
of 375 g of cheese by a 60-kg adult and on the assumption that the enzyme is used 
at the recommended dosage and all total organic solids originating from enzyme 
preparation remain in the cheese, the dietary exposure would be to 0.22 mg of total 
organic solids per kg bw per day. 

5. EVALUATION 

The Committee concluded that the information provided on the enzyme 
phospholipase A 1 was too limited to allow an assessment of its safety. Only two test 
batches of the enzyme preparation were analysed for secondary metabolites, and, 
of the two toxicological studies provided, one, the assay for mutagenicity in bacteria 
in vitro, could not be interpreted owing to considerable cytotoxicity. Given that 
cytotoxicity was not observed when xylanase, an enzyme derived from the same 
host strain A. oryzae BECh2, was tested in the same assay, the Committee decided 
not to use the toxicological data provided on xylanase to assess the safety of 
phospholipase A 1. The Committee concluded that, in order to make a proper safety 
assessment, the results of two adequate studies of genotoxicity (including a test for 
chromosomal aberration in mammalian cells in vitro) and a study of toxicity in vivo 
would be needed. Alternatives to toxicity testing in vivo would be the demonstration 
that no unintended compounds are present in the enzyme preparation or better 
molecular characterization of the genetically modified microorganism. 
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1. EXPLANATION 

Pullulan is a naturally occurring, fungal polysaccharide produced by fermenta
tion of liquefied corn starch by Aureobasidium pullulans, a ubiquitous yeast-like 
fungus. lt has a linear structure consisting predominantly of repeating maltotriose 
units, which are made up of three u.-1 ,4-linked glucose molecules (Wallenfels et al., 
1965; Catley, 1971; Carolan et al., 1983), linked by u.-1 ,6-glycosidic bonds. The 
maltotriose units are interspersed with about 6% maltotetraose units consisting of 
four u.-1 ,4-linked glucose molecules; rarely, branch points occur, at which poly
maltotriosyl side-chains are attached to the main chain by a 1 ,3-glycosidic bond 
(Figure 1; Sow a et al., 1963; Catley et al., 1986). 

Pullulan is used as a glazing agent, as a film-forming agent, as a thickener 
or as a carrier in the production of capsules for dietary supplements as a substitute 
for gelatin, coatings for coated tablets containing dietary supplements, for production 
of edible flavoured films used as breath fresheners, and in the production of jams 
and jellies, confectionery and some meat and fruit products. lt is also used as a 
texturizer in chewing-gum and as a foaming agent in milk-based desserts (Sugimoto, 
1978; Wiley et al., 1993; Gibbs & Seviour, 1996; Madi et al., 1997; Lazaridou et al., 
2002). 
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Figure 1. Structure of pullulan 

Maltotriose Maltotriose 

The Codex Committee on Food Additives and Contaminants at its Thirty
sixth Session (Aiinorm 04/27/12) asked the Committee to review pullulan. This 
substance has not been evaluated previously by the Committee. 

Pullulan is produced by fermentation from a food-grade hydrolysed starch 
with a non-toxin-producing strain of Aureobasidium pullu/ans. After fermentation, 
the fungal biomass is removed by microfiltration, the filtrate is heat-sterilized, and 
pigments and other impurities are removed by adsorption and ion-exchange 
chromatography. The product contains not less than 90% glucan on a dried basis. 
The main impurities are mono-, di- and oligosaccharides from the starting material. 
The average relative molecular mass of pullulan varies considerably, depending on 
culture conditions. A commercially available product has an average relative 
molecular mass of 200 000 Da. 

Pullulan is stable in aqueous solution over a wide pH range (pH 3-8). Pullulan 
decomposes upon dry heating and carbonizes at 250-280 oc. lt dissolves readily in 
water but is insoluble in organic solvents. Aqueous solutions of pullulan are viscous 
but do not form gels. Upon drying, pullulan forms transparent, water-soluble, fat
resistant, odourless, anti-static, flavourless films. 

2. BIOLOGICAL DATA 

2. 1 Biochemical aspects 

2. 1. 1 Absorption, distribution, biotransformation and excretion 

Early experiments on the digestibility of pullulan by human salivary amylase 
and hog pancreatic amylase in vitro demonstrated that pullulan is either hydrolysed 
either slowly or not at all by these enzymes (Ueda et al., 1963; Wallenfels et al., 
1965). 

In another study on the digestibility of pullulan, two samples of relative 
molecular mass of 50 000 and 200 000 Da were treated sequentially with human 
salivary amylase, porcine pancreatic amylase, artificial gastric juice and an enzyme 
preparation from the small intestinal mucosa of rats. The 50 000-Da pullulan was 
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hydrolysed by the intestinal enzymes to produce 2. 7% glucose but was not affected 
by the other treatments. The 200 000-Da pullulan was sequentially converted to 
substances of lower relative molecular mass (average, 70 000 Da) after treatment 
with the intestinal enzyme preparation; no glucose was released after salivary or 
pancreatic amylase treatment, but a small increase in reducing sugar content was 
observed (0.6% and 0.7%, respectively). A 6.6% increase in glucose concentration 
was observed after digestion with the intestinal enzyme preparation. The authors 
suggested that glucose is formed as a result of hydrolysis of the a-1 ,4-glycosidic 
bond from the non-reducing end of the molecule, but that the hydrolysis stops at the 
a-1 ,6-glycosidic bond. The amount of glucose released from pullulan standards 
(relative molecular mass, 990-380 000 Da) digested in vitro in the small intestinal 
enzyme preparation ranged from 1.5% (relative molecular mass, > 100 000 Da) to 
36.3% for the smallest sample (990 Da) (Okada et al., 1990). 

In a study to determine the digestibility of pullulan film (relative molecular 
mass unspecified), a 1% pullulan solution was treated with an enzyme mix containing 
a-amylase, amyloglucosidase, peptidase, protease, invertase and lipase for up to 
2 h. About 9% pullulan, < 5% levan powder and cellulose film and > 90% starch 
powder and starch film were hydrolysed (Kunkel & Seo, 1994). 

In another study of the digestion of pullulan (relative molecular mass, 
1 0 000 Da), 37% raw pullulan and 42% cooked substance were hydrolysed in vitro 
by a-amylase and amyloglucosidase within 30 min. Control samples of raw and 
cooked maltodextrin were completely hydrolysed during this time. Hydrolysis of the 
remaining pullulan proceeded more slowly, reaching 95% completion after 5 h (Wolf 
et al., 2003). 

In a further study on the digestion of orally administered pullulan, five fasted 
male Wistar rats were given 2 ml of a 10% pullulan solution in 0.9% saline by gavage. 
The pullulan used in this study had a relative molecular mass of 49 000 Da and 
consisted of 302 glucose molecules; 93% of the glucose units were in the form of 
maltotriose and 7% in the form of maltotetraose. The animals were killed 1 h after 
gavage, and the contents of their stomachs and small intestines were collected, 
homogenized and analysed for glucose to determine the extent of pullulan hydrolysis. 
The glucose concentrations in homogenates of pullulan-treated animals suggested 
that about 3% of the pullulan had been hydrolysed; however, it was not known if the 
hydrolysis products of pullulan were absorbed by the small intestine. The finding 
that about 3% pullulan was hydrolysed was close to the estimate that 2.5% would 
be hydrolysed, on the basis of 7% maltotetraose units containing one a-1 ,4-glycosidic 
bond susceptible to amylase. Nevertheless, low glucoamylase activity was present 
in the intestinal tract, which can slowly hydrolyse a-1 ,4- and a-1 ,6-glycosidic bonds 
from the non-reducing end (Oku et al., 1979). 

In a study to determine the rate and extent of disappearance of starch from 
the small intestine, groups of seven Sprague-Dawley rats (two groups per treatment) 
were fed pullulan, cornstarch, maltodextrin, modified maltodextrin or amylomaize 
and then killed; their small intestines were then removed and clamped to give 15 
equal-sized portions. The contents of the small intestines were expressed and 
precipitated in ethanol. Starch disappearance, expressed as total starch, was 
measured in each of the 15 intestinal segments. Pullulan (average relative molecular 
mass, 1 0 000 Da) disappeared gradually, reaching a maximum disappearance of 
81.4 g/1 00 g pullulan at segment 13. The authors noted that, with this method, all 
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pullulan and its products that are soluble in ethanol would be considered to be 
digested and that the estimate of pullulan digestion might be exaggerated (Bauer et 
al., 2003). 

In a study on the effects of caecal microflora on pullulan, the concentration 
of short-chain fatty acids was significantly greater in rats fed diets containing 1 0% 
pullulan for 4 weeks than in control rats fed diets containing 5% cornstarch (Sugawa
Katayama et al., 1994). 

Another study showed that pullulan (average relative molecular mass, 
50 000 Da) is fully digested in human faecal cultures within 4-8 h, yielding a maximum 
of 52.7 g short-chain fatty acids/1 00 g pullulan (mainly acetic, propionic and butyric 
acids). The energy value for pullulan was estimated to be 2.05 kcal/g, assuming 
absorption of 100% short-chain fatty acids; however, with increasing pullulan intake, 
it is unlikely that all short-chain fatty acids produced will be absorbed (Okada et al., 
1990). 

In a study of the digestion of pullulan by intestinal bacteria, the compound 
was not detected in the faeces of six volunteers who had consumed 1 0 g pullulan 
(relative molecular mass, 50 000 Da) daily for 14 days. The short-chain fatty acid 
concentration in the faeces increased from 6 mg/g to 8.8 mg/g faeces. The authors 
concluded that pullulan is completely fermented to short-chain fatty acids by intestinal 
bacteria (Yoneyama et al., 1990). 

The effect of pullulan on the postprandial glycaemic response of healthy 
non-diabetic adults was compared with that of maltodextrin, a rapidly absorbed starch 
that normally elicits a high glycaemic response. In a randomzed, double-blind, two
period, two-treatment, cross-over meal tolerance test, 28 volunteers (19 men and 
9 women) were asked to eat a high-carbohydrate diet for 3 days and to avoid exercise 
for 24 h before testing. After an overnight fast, the volunteers were given a sterilized 
flavoured drink containing either 50 g pullulan (relative molecular mass, 100 000 Da) 
or 50 g maltodextrin. Blood glucose was measured in finger-prick blood before 
treatment, every 15 min for the first hour and then every 30 min up to 180 min. 
Carbohydrate absorption was measured by analysing breath hydrogen every hour 
for 8 h. The persons were asked to report any symptoms of nausea, abdominal 
cramping, distension or flatulence for 48 h after treatment. The cross-over treatment 
was carried out 5-13 days after the first treatment. The postprandial blood glucose 
concentration (1.97 mmol/1) was significantly lower in persons who ate pullulan than 
in those who ate maltodextrin (4.24 mmol/1), and the time to peak glucose concentra
tion was delayed in the pullulan-treated group. Carbohydrate malabsorption was 
greater in persons taking pullulan. Flatulence was the main side-effect and was 
commonest during the first 24 h after treatment. The authors concluded that pullulan 
is slowly digested in the human gut (Wolf et al., 2003). 

In a study to determine the glycaemic index of pullulan (average relative 
molecular mass, 200 000 Da) after a 12-h fast, five volunteers (one with non-insulin
dependant diabetes) were given a bolus dose of 25 g pullulan. A25-g dose of maltose 
was taken 6 days later as a positive control. Blood glucose concentrations were 
determined before dosing and 15, 30, 45, 60, 90 and 180 min after dosing. The 
glycaemic response to pullulan relative to that to maltose was 12.8% when all persons 
were considered, but the one diabetic person, who had an exaggerated response to 
maltose, influenced this response. When this person was excluded, the relative 
glycaemic index for pullulan was 18.6%. Statistical comparisons at each sampling 
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time showed that the blood glucose values for the maltose control at 30 and 45 min 
were significantly greater than those for pullulan (p < 0.01 ). The mean area under 
the curve of concentration:time value for the control (1 03 ± 37) was significantly 
greater (p < 0.02) than that for pullulan (19 ± 13) (Richards & Higashiyama, 2004). 

In 1990, a United States patent indicated that pullulan reduces peak blood 
glucose concentrations when taken with food products containing starch or sucrose 
at a ratio of pullulan:starch or pullulan:sucrose of 1 :400 to 1 :20; however, the effect 
was not consistent and varied with dose, the relative molecular mass of the pullulan 
and the age and health of the persons. In the absence of a mechanistic explanation 
for this finding, the conclusions are questionable (Hiji, 1990). 

Another study showed that pullulan had no effect on the blood glucose 
concentrations (measured every 30 m in from 0 to 180 m in) of a 39-year-old volunteer 
given a solution of 50 g glucose containing 0, 5 or 1 0 g pullulan in 200 ml water (Oku 
et al., 1983). 

Overall, the studies indicate that pullulan is hydrolysed only very slowly by 
gastrointestinal enzymes but is fermented by intestinal microorganisms to short
chain fatty acids. In humans, the glycaemic response for pullulan relative to maltose 
was 18.6%. 

2. 1.2 Effects on enzymes and other biochemical parameters 

The possibility that large amounts of indigestible carbohydrate in the diet 
can decrease vitamin and mineral absorption has been addressed in several review 
articles. lt has generally been accepted that the presence of dietary fibre at 
recommended levels in the diet does not adversely affect vitamin and mineral status 
(Kelsay, 1990; Rossander et al., 1992; Gorman & Bowman, 1993). Even when dietary 
fibre was consumed in large amounts (50 g per day), no adverse effects on mineral 
absorption or nutrition were observed (Gordon et al., 1995). 

One study on the inhibitory effect of pullulan on intestinal calcium absorption 
was conducted in groups of six male Wistar rats fed diets containing 20% pullulan 
(relative molecular mass unspecified), another unavailable carbohydrate (cellulose 
or glucomannin) or a control diet containing cornstarch for 8 weeks. Rats were 
fasted for 16 h before sacrifice, and then a homogenate of duodenal mucosa was 
prepared. The calcium-binding activity of the duodenal supernatant was measured, 
as were serum calcium concentrations. Calcium-binding activity was significantly 
reduced in animals fed diets containing 20% pullulan; however, there was no 
significant difference in serum calcium. Alkaline phosphatase and sucrase activity 
in the duodenum were also reduced (by approximately one-half and one-third, 
respectively) from that of the control group. Nevertheless, the parameters were 
similar between groups receiving unavailable carbohydrate-containing diets. The 
authors suggested that the inhibitory effect of unavailable carbohydrate on intestinal 
calcium absorption is due partly to loss of calcium-binding proteins by gastrointestinal 
transit of large amounts of undigested substances (Oku et al., 1982). 

2.2 Toxicological studies 

2.2. 1 Acute toxicity 

The acute toxicity of pullulan (quality and relative molecular mass unspecified) 
was examined in one study in male mice (number per group unspecified). No 
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information was given on GLP or other guidelines used. The LD50 was > 14 g/kg bw 
(Department of Public Hygiene, 1974a). 

2.2.2 Short-term studies of toxicity 

Rats 

In a study (no information on GLP supplied) on the effects of pullulan on the 
digestive tract, groups of eight male Wistar rats were fed diets containing 0, 5%, 
1 0%, 20% or 40% pullulan, equivalent to 0, 2500, 5000, 10 000 and 20 000 mg/kg 
bw per day, for 4 or 9 weeks. Another group of rats were fed diets containing 20% 
and 40% cellulose as a comparison. Body-weight gains were reduced by day 10 in 
the rats given 20% or 40% pullulan and by day 20 in that fed 40% cellulose. The 
weight differences increased throughout the remainder of the study. The weight 
gain of animals at 5% or 10% and that of rats given 20% cellulose were also lower 
than those of controls after 7 weeks, although the difference was not statistically 
significant. Diarrhoea was observed at 40% pullulan, but the number of rats affected 
and the frequency were not reported. Unlike maltitol-induced diarrhoea, it did not 
resolve after a period of adaptation and occurred only occasionally throughout the 
study. The relative weight of the caecum was increased in a dose-related manner in 
rats given pullulan. In general, the relative weights of the stomach, small intestine 
and large intestine were increased in treated animals (Oku et al., 1979). 

In a study on the toxicity of an unspecified polysaccharide produced by A. 
pullulans, groups of 10 male and female Wistar rats received an oral dose of 2.5 or 
25 mg/kg bw per day of the substance daily for 7 weeks. No adverse effects were 
reported (Fujii & Shinohara, 1986). 

In a study on changes in the colon mucosa of rats fed pullulan, groups of 
eight 6-week-old male Sprague-Dawley rats were fed diets containing 1% or 1 0% 
pullulan (relative molecular mass not specified), equivalent to 500 and 5000 mg/kg 
bw per day, for 4 weeks. A control group of rats was fed a diet containing 5% cellulose 
(equivalent to 2500 mg/kg bw per day). Changes in the colon mucosa were analysed 
by scanning electron micrography and by comparing colon cell sizes (protein :DNA 
ratios). Scanning electron micrographs of the colons suggested that the haustra coli 
(pouches formed in the colon by muscle contractions of the colon walls) were broader 
in the pullulan-fed rats than in the control group. Faecal weight was significantly 
decreased in a dose-related manner in rats given pullulan. The wet weight of the 
colon mucosa was significantly increased in rats given 10% pullulan. The mucosal 
protein content (reported in mg/cm of colon) was decreased in rats at either 
concentration of pullulan but more markedly in those given 1 %, and the DNA content 
was significantly increased in rats given 10% pullulan. The authors concluded that 
pullulan decreased the size of colon mucosa cells (Sugawa-Katayama et al., 1993). 

In a study conducted according to GLP, groups of 10 SPF Wistar rats of 
each sex were fed diets containing pullulan (relative molecular mass, 200 000 Da) 
at a concentration of 0, 2.5%, 5% or 10%, equal to 0, 1960, 4100 and 7900 mg/kg 
bw per day. The controldiet and those containing the two lower doses of pullulan 
were supplemented with potato starch (1 0%, 7.5% and 5%, respectively) to achieve 
1 0% in the diet. The animals were examined daily for clinical signs of toxicity, and 
body weights and food consumption were recorded at regular intervals. Grip strength 
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and locomotor activity were measured in week 13. At the end of the 13-week 
treatment, urine and blood were collected from fasting animals for urinalysis, 
haematology and clinical chemistry. Animals were killed and organs and tissues 
examined macroscopically and weighed. Histological examinations were performed 
on the liver, kidney, caecum, duodenum, colon, ileum, jejunum, rectum, lungs, spleen 
and mesenteric and mandibular lymph nodes. No deaths occurred, and no treatment
related clinical signs were observed. Food consumption, food use and body weight 
were similar in all groups. There were some minor changes in grip strength in males, 
but this was not dose-related. Significantly reduced motor activity (p < 0.05) was 
observed in females at the medium dose (after 45 and 60 min) and in the group at 
the highest dose {after 60 min). This was reflected in total motor activity and appeared 
to be related to treatment; however, the changes seemed to reflect physiological 
phenomena due to unused carbohydrate in the diets, rather than to any toxic effects. 
Haematological analyses revealed no treatment-related effects. Males and females 
at the lowest dose showed slightly lower prothrombin activity. Males at the two lower 
doses showed increased activated partial thromboplastin time, and females at these 
doses had lower relative reticulocyte counts. 

Clinical chemistry parameters showed a number of significant differences, 
males at the lowest dose having significantly decreased uric acid and sodium, males 
at the two lower doses significantly decreased cholesterol, phospholipids and 
potassium, males at the two higher doses significantly decreased calcium, males at 
the highest dose significantly increased plasma glucose and all treated males having 
significantly reduced globulin. Females at the two higher doses had significantly 
increased sodium, and females at the highest dose had decreased triglycerides. 
The authors reported that these values were within or marginally outside the reference 
range and therefore not biologically significant. Furthermore, the observed differences 
were not dose-dependent, nor were they observed in both sexes. There were no 
changes in urinary parameters in male rats at any dose; however, urine volume was 
significantly increased in females at the two higher doses (308% and 285% of control, 
respectively). As there were no concurrent changes in relative densities or in pH 
values, the urine volume changes were considered by the authors to be artificial 
rather than treatment-related effects. Dose-dependent increases in absolute and 
relative caecal weights were found in males and females, which was statistically 
significant in males at the two higher doses for empty caecum weight and for males 
at the intermediate dose for full caecum weight. In females, the increase was 
statistically significant at the highest dose for empty caecal weight, and at the two 
higher doses for the relative weight of the empty caecum. One male at the lowest, 
two at the intermediate and one at the highest dose had distended caecums. Other 
macroscopic findings consisted of renal pelvic dilatation (one male each at the two 
lower doses, one female at the intermediate dose and two females at the highest 
dose), diaphragmatic herniation of the liver (one male at the intermediate dose), 
uterus dilatation (one female each at the two higher doses), and a dark-red, 
discoloured focus in the thymus of one male at the lowest dose. No test-related 
microscopic changes were observed on histopathological examination. As caecal 
hypertrophy is considered to be a physiological response to poorly digested carbo
hydrates, a dietary level of 1 0% pullulan (equal to 7900 mg/kg bw per day) was 
tolerated by male and female rats without toxicological effects (Sommer et al., 2003). 
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2.2.3 Long-term studies of toxicity and carcinogenicity 

In a test for toxicity not conducted under GLP, groups of 15 4-week-old 
Sprague-Dawley (SD-JCL) rats of each sex were fed diets containing pullulan (relative 
molecular mass not specified) at a concentration of 0, 1%, 5% or 10%, equivalent to 
0, 500, 2500 and 5000 mg/kg bw per day, for 62 weeks. The study was intended to 
be conducted over 24 months but was terminated at 14 months (62 weeks) owing to 
high mortality in all groups as a result of infection. Animals were observed daily; 
body weights and food consumption were recorded weekly. At the end of the study, 
the animals were killed and blood and urine were taken for analysis. The blood was 
tested to determine the red blood cell count, haemoglobin concentration, haematocyte 
count, white blood cell count and percentage, serum aspartate and alanine 
aminotransferase and alkaline phosphatase activity, serum total cholesterol, serum 
cholinesterase activity, serum protein, albumin:globulin ratio and blood sugar. Urine 
was analysed for protein, sugar, ketones, pH and blood. Internal organs were weighed 
and examined macro- and microscopically. 

The high mortality observed in all groups was attributed to pneumonia. 
Survival to the end of the study appeared to be dose-related in females (87%, 67%, 
67% and 40% at the four doses of pullulan, respectively) but not in males (47%, 
60%, 27% and 47%, respectively). No significant differences were observed between 
groups in terms of food intake or body-weight gain. The terminal body weights of 
males at 1% and 10% were significantly lower than those of the controls; however, 
this effect was not dose-related (89%, 96% and 91% of control at 1%, 5% and 10% 
pullulan, respectively). Some significant differences were observed in absolute organ 
weights. The absolute weight of the brain was decreased in females at the two 
lower doses and in males at the lowest dose. In females, the absolute weights of the 
heart, liver, spleen and caecum were increased at some doses; in males, the absolute 
weights of the heart, liver, kidneys, stomach and submandibular gland were 
decreased at some doses. No significant differences were reported in relative organ 
weights. The 46% increase in absolute caecal weight in females at the highest dose 
was attributed to a physiological response to undigested pullulan. No data were 
provided on male caecal weights. Post-mortem macroscopic examination of tissues 
revealed pneumonia and pulmonary abscesses in animals in all groups. Histopatho
logical observations confirmed bronchitis in animals in all groups but did not indicate 
a dose-related effect. A few statistically significant differences were observed in 
haematological and clinical chemistry parameters, which were not dose-related. 
Urine analysis showed no significant differences in any group. 

The changes seen between the control and test groups were not consistent 
or treatment-related; therefore, the NOEL was the highest dose tested, 1 0% pullulan 
in the diet (equal to 5000 mg/kg bw per day) (Kotani et al., 1976; Kimoto et al., 
1997). The value of this study is limited because of the high mortality in all groups. 

2.2.4 Genotoxicity 

The results of studies on the genotoxicity of pullulan in vitro and in vivo are 
shown in Table 1. 
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Table 1. Results of assays for genotoxicity with pullulan 

Test system 

In vitro 
Reverse mutationa 

DNA damage 

Chromosomal 
aberrations 

In vivo 
Micronucleus 

Test object Concentration 

S. typhimuriumTA1535, 10-10 000 11g/ 
TA100,TA1537,TA98 plate 

Bacillus subtilus 20 mg/plate 

Chinese hamster lung 12 mg/ml 
fib rob lasts 

Mouse bone marrow 1800 mg/kg bw 
(ddy mice, killed at once (intra-
24 h) peritoneally) 

1 000 mg/kg bw 
four times over 
24 h (intraperito-
neally) 
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Results Reference 

Negative• Hatano 
Research 
Institute 
(1978); Kimoto 
et al. (1997) 

Weakly Kuroda et al. 
positiveb (1989) 

Negative lshidate et al. 
(after 48 h) (1985) 

Negative lshidate et al. 
(1988)b 

Negative 

• In presence and absence of microsomal enzymes from Aroclor-induced rat liver (S9 mix) 
b Negative and positive control results were not shown in the English summary. 

2.2.5 Special studies 

(a) Effects on gastrointestinal microflora 

In a study on the effects of pullulan on caecal microflora, 3-week-old male 
Sprague-Dawley rats were fed a diet containing 10% pullulan, equivalent to 
5000 mg/kg bw per day, for 4 weeks. A control group received a diet containing 5% 
cellulose (equivalent to 2500 mg/kg bw per day). Food intake and body-weight gain 
were similar for the two groups, but faecal weight was significantly reduced in the 
group fed pullulan. When the caecal microflora were examined, the relative numbers 
of Bifidobacteria and Streptococcus were found to be increased and those of 
Bacteriodaceae decreased in comparison with controls (Sugawa-Katayama et al., 
1994). 

When six volunteers were given 10 g of pullulan (relative molecular mass, 
50 000 Da) daily for 14 days, the substance was not detected in stool samples, and 
it was concluded that pullulan is completely fermented by intestinal bacteria. The 
faecal populations of Bifidobacteria increased in five of the six volunteers, from 
11.9% to 21.9% (Yoneyama et al., 1990. 
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(b) Aurobasidium pullulans 

A. pullulans is a ubiquitous, yeast-like fungus. lt has been found in soil, on 
leaves, in lake water, on weathered wood, on latex paint films and synthetic plastic 
materials, as well as in used cosmetics and on foods such as fruits, cereals, tomatoes 
and cheese (Cooke, 1961; Durrell, 1967; Zabel & Terracina, 1980; Domsch et al., 
1993; Mislivec et al., 1993; Vadkertiova & Slavikova, 1994; Weidenborner et al., 
1997; Webb et al., 1999; Cronin et al., 2000). 

(i) Pathogenicity 

In a study in rabbits, intramuscular injection of A. pu/lulans spores produced 
a nodule at the site of injection. No spread to other sites in the body was observed 
(Bulman & Stretton, 1974). 

Intravenous injection of A. pu/lulans caused infection in the visceral organs 
of both healthy and immune-suppressed rats (Vishnoi et al., 2002). 

A. pullulans has been isolated from humans but appears to occur as an 
opportunistic infection. A. pullulans was associated with fungal peritonitis in five 
patients receiving continuous ambulatory dialysis. lt was also found in blood samples 
from a small number of immune-compromised persons (Ajello, 1978; Kaczmarski et 
al., 1986; Sal kin et al., 1986; Pritchard & Muir, 1987; Girardi et al., 1993). 

(ii) Toxicity 

Some strains of A. pullulans produce aureobasidin A, a cyclic depsipeptide 
that is toxic to fungi and yeast at low concentrations (0.1-0.5 ).lg/ml) but has low 
acute toxicity in mice (LD50 > 200 mg/kg bw) (Takesako et al., 1992). When the 
strain used for production of pullulan was analysed for aureobasidin A activity in 
Saccharomyces cerevisiae, none was detected (limit of detection, 2 ppm) (Hashimoto 
& Fukuda, 2002). 

Two batches of pullulan were examined for the presence of the mycotoxins 
aflatoxin 8 1, 8 2, G1 and G2, zearalenone, sterigmatocystin and ochratoxin. None 
was found (lnstitut Europeen de !'Environment de Bordeaux, 2002). 

The acute toxicity of A. pullulans in mice and rats is shown in Table 2. 
In a study designed to assess the efficiency ratio of different microbial proteins, 

six male Long-Evans rats were fed a diet containing 27% A. pullu/ans cells (providing 
12% crude protein in the diet) for 2 weeks. Their body-weight gain did not differ from 
that of a group fed a diet containing approximately 27% brewers' yeast. No signs of 
toxicity were observed (Han et al., 1976). 

No signs of toxicity were observed in meadow voles (Microtus canicaudus) 
fed acid-hydrolysed straw that was subsequently fermented by A. pul/ulans for 
10 days (lsrailides et al., 1979). 

(iii) Allergenicity 

A. pullulans spores have been implicated in reactions such as allergic alveolitis 
and hypersensitivity pneumonia (Woodard et al., 1988; Karlsson-Borga et al., 1989; 
Kurup et al., 2000; Apostolakos et al., 2001 ); however, these allergic reactions have 
not been associated with ingestion of the vegetative form of the fungus. Moreover, 
there have been no reports over the past 25 years of allergic reactions in persons 
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Table 2. Acute toxicity of Aurobasidium pullulans administered orally 

Species Sex No. animals/ group LD
50 

(g/kg bw) Reference 

Mouse Male Not specified > 24 Department of 
Public Hygiene 
(1974a)• 

Rat Male and 5 per sex > 20 (66.7% w/v Ohnishi & Tsukamoto 
female A. pullulans lysate) (1996) 

a No GLP or other guideline specified 

exposed occupationally during fermentation of A. pullulans or production of pullulan 
(R. Asakura, personal communication, 2002). 

2.3 Observations in humans 

In a study of tolerance, 13 volunteers consumed 10 g of pullulan (relative 
molecular mass, 50 000 Da) daily for 14 days. Before and after pullulan intake, 
blood pressure and blood components (total, high-density and low-density lipoprotein 
cholesterol, ~-lipoprotein, total fat, phospholipid, neutral fat, Ca, Na, K, Cl, aspartate 
and alanine aminotransferase activity and blood glucose) were measured in all 
volunteers. Faecal weight, pH, composition of faecal microflora and short-chain fatty 
acid concentration were examined in the faeces of six persons. No pullulan was 
detected in the stool samples, but daily stool weight was increased by 33%, and 
mean faecal pH was decreased in response to treatment (pH 6.5 before and pH 6.0 
after pullulan intake). The faecal populations of Bifidobacteria increased in five of 
the six persons (11.9% total microflora before and 21.9% after treatment), and the 
short-chain fatty acids concentration increased from 6 to 8.8 mg/g faeces. No 
significant differences were observed in blood components. Abdominal fullness was 
the only symptom reported (Yoneyama et al., 1990). 

In a study that addressed the effects of pullulan, dextran and soluble starch 
on bacterial flora, eight male volunteers received 10 g/day pullalan (relative molecular 
mass unspecified), dextran and soluble starch sequentially for 14 days with a 14-
day wash-out period between each treatment. Before and after each 14-day treatment 
period, the men's faeces were tested for wet weight, relative change in wet weight, 
pH, total cell count per gram of fresh faeces, bifid bacteria ratio and relative change 
in bifid bacteria count. There was little difference in faecal bacterial count according 
to treatment. Pullulan and dextran resulted in increased faecal weight (from 129 g/day 
to 188 g/day with pullulan and 127 g/day to 144 g/day with dextran), and an increased 
percentage of bifid bacteria (12% to 25% with pullulan and 13% to 19% with dextran). 
No adverse effects were reported (Mitsuhashi et al., 1990). 

3. DIETARY EXPOSURE 

Pullulan is used as a substitute for gelatin in the production of capsule shells, 
as an ingredient of coated tablets and in edible flavoured films (breath fresheners). 
In Japan, it is used in a variety of foods, including savoury snacks, nuts and instant 
fried noodles, as a coating and glazing agent with oxygen barrier properties. Pullulan 
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is also widely used as an excipient in pharmaceutical tablets (Ministry of Health and 
Welfare, 1993). 

No national assessments of exposure to pullulan were submitted. An 
estimated daily exposure based on data on the consumption of food supplements in 
the United Kingdom was submitted by the sponsor (Bar, 2004). The predicted 
exposures were based on the maximum use of pullulan in three products: capsule 
shells, tablets and flavoured films (Table 3). 

Surveys in the United Kingdom on the consumption of food supplements 
indicated that 24% of 1724 adults, 14% of 1701 young persons (4-18 years) and 
17% of 1675 toddlers (1.5-4.5 years) consumed food supplements (Gregory et al., 
1995, 2000; Henderson et al., 2002). As no distinction was made between tablets 
and capsules, exposure was calculated conservatively, assuming that all supplements 
were in capsule form except those for toddlers. The 97.5th percentile of estimated 
exposure was seven capsules per day by adult consumers and two capsules per 
day by young people. Dietary supplements for children are usually formulated as 
tablets. If it is assumed that toddlers consume only tablets, with a consumption of 
seven tablets per day, the estimated 97.5th percentile exposure was 210 mg of 
pullulan per day. This hypothesis would result in ingestion of::;; 135 x 7 = 945 mg/day 
pullulan for adults and 135 x 2 = 270 mg/day pullulan for young persons. The 
substitution of some or all of the capsules by tablets would result in lower exposure. 
The consumption of pullulan by children would be lower than that of adults and 
would typically not exceed 90 mg/day on the basis of three tablets per day (Bar, 
2004). 

Similar results were found for 259 adults in France during a survey of 
consumers of vitamin and mineral supplements (Touvier et al., 2004). Table 4 
summarizes the number of capsules consumed by all persons and by consumers of 
capsules only. 

A 'worst-case scenario' was proposed by the European Food Safety Authority 
(2004) Scientific Panel on Food Additives, Flavourings, Processing Aids and Materials 
in Contact with Food, which assumed that individuals would not normally take more 
than six food supplement capsules per day and that extreme consumers would not 
take more than double this amount (135 x 12 = 1620 mg/day pullulan). In addition, 
the sponsor and the Panel assumed that persons would not consume more than 
one standard packet of breath-freshening films per day (700 mg pullulan). Therefore, 
the maximum daily exposure to pullulan for adults was estimated to be about 2.3 g 
for a person who ingested 12 supplements as capsules and a packet of pullulan 
strips per day. The actual exposure is likely to be lower. lt was also assumed that 
small children would not consume this product. 

Table 3. Estimated maximum levels of use of pullulan 

Product 

Capsule shell (1 00-150 mg) 
Tablet (1.2-1.5 g) 
Pullulan-based flavoured film 

(32 mg per film) 

Amount of pullulan 

15-90% 
2% in tablet 
0:90% 

Estimated maximum level of 
pullulan 

135 mg per capsule 
30 mg per tablet 
29 mg per film 
0.7 g per packet (12 films) 
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Table 4. Numbers of capsules taken per day at different percentiles of intake 

Persons Mean Standard 5th 25th 50th 75th 95th 
deviation percentile percentile percentile percentile percentile 

All 0.6 1.5 0.0 0.0 0.0 0.0 4.0 
Consumers of 2.6 2.3 0.4 0.9 2.0 4.0 7.0 
capsules 
(21.7%) 

Pullulan is used in Japan in various foodstuffs, at levels ranging from 2 g/kg 
in ham and sausages to 30 g/kg in processed products; a concentration of 50 g/kg 
was reported in hard sweets. A conservative estimate of dietary exposure from various 
foods was made with the budget method, assuming the presence of pullulan at the 
maximum reported level in a limited fraction of the diet (30 g/kg in 1/16 of the diet, 
corresponding to 187 g/day). This calculation resulted in a dietary exposure of about 
6 g/day. Consumption of sweets by children was considered separately, with 
consumption figures available in France and the USA, resulting in an estimate of 
about 2.5 g/day. 

5. COMMENTS 

Toxicological data 

Pullulan is largely resistant to digestion in the gastrointestinal tract as a result 
of the occasional presence of 1 ,3-glycosidic linkages and the high percentage of a-
1 ,6-glycosidic linkages, which are resistant to hydrolysis by salivary and pancreatic 
amylases. The degree of digestion appears to depend on the relative molecular 
mass. A commercially available pullulan (relative molecular mass, 200 000 Da) 
releases only a small amount of reducing sugar after salivary amylase treatment 
but is converted to a substance with a lower relative molecular mass (about 
70 000 Da) after treatment with an intestinal enzyme preparation. 

Pullulan is fermented in the colon in vitro and in vivo by intestinal microflora, 
to produce short-chain fatty acids, although the degree of fermentation depends on 
the degree of polymerization of the pullulan. In humans, pullulan (relative molecular 
mass, 50 000 Da) could not be detected in faeces after daily consumption of 1 0 g 
for 14 days, suggesting that it was completely fermented. In contrast to maltodextrin, 
pullulan reduced the glycaemic response in healthy non-diabetic persons. 

Although no studies were conducted to examine the effect of pullulan on the 
bioavailability of vitamins and minerals, there is no evidence from the published 
literature that similar polysaccharides of high relative molecular mass have adverse 
effects on vitamin or mineral bioavailability. When fed to rats at 20% in the diet, 
pullulan reduced intestinal calcium absorption but did not affect serum calcium levels. 

The oral LD50 of A. pullulans was reported to be> 24 g/kg bw. In rats, a single 
oral dose of A. pullulans lysate at 1 0 or 20 g/kg bw caused no signs of toxicity. Other 
studies indicate that A. pullulans does not produce toxins and is not toxic when fed 
to rats. 
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The oral LD50 of pullulan was reported to be> 14 g/kg bw in mice. Short-term 
studies in rats showed that pullulan has little toxicity. In a 13-week study in rats 
given diets containing up to 10% pullulan (relative molecular mass, 200 000 Da), no 
evidence of treatment-related toxicity was found. The study showed a dose
dependent increase in caecum weight (full and empty) as a result of an increased 
level of poorly digested polysaccharide in the diet. This effect is considered to be a 
physiological response common to indigestible polysaccharides and of no 
toxicological significance. The NOEL was 10% in the diet, equal to 7900 mg/kg bw 
per day, on the basis of the highest dose used in this study. The results of other 
short-term studies in rats (9 and 62 weeks) support these conclusions. No long
term studies of toxicity or of reproductive toxicity were available on pullulan. Assays 
for genotoxicity with pullulan in vitro and in vivo assays gave negative results. 

In a 14-day study in humans, daily consumption of 10 g of pullulan (relative 
molecular mass, 50 000 Da) had no adverse effects. The faecal Bifidobacteria 
population and short-chain fatty acid concentration increased, but no other clinical 
changes were observed. Abdominal fullness was the only clinical symptom reported. 
After a single dose of 50 g pullulan (relative molecular mass, 100 000 Da), the 
frequency of flatulence was increased for 24 h. 

Assessment of dietary exposure 

Pullulan is used as a substitute for gelatin in the production of capsule shells, 
as an ingredient of coated tablets and in edible, flavoured films (breath fresheners). 
The amount of pullulan ingested from one unit of each of these products is, 
respectively, 135 mg per capsule, 30 mg per tablet and 29 mg per film. 

Specific data on consumption of food supplements were available from both 
France and the United Kingdom. For consumers at the 97.5th percentile, the intake 
of seven capsules per day was reported to correspond to a dietary exposure to 
pullulan of 950 mg/day. As dietary supplements for children are usually formulated 
as tablets, the consumption of pullulan by children was estimated to be lower than 
that of adults and typically not to exceed 90 mg/day on the basis of intake of three 
tablets per day, as reported in the United Kingdom. If a maximum daily consumption 
on a regular basis of seven capsules (950 mg/day of pullulan) and of one standard 
packet of breath-freshening films (700 mg/day of pullulan) is assumed, the maximum 
daily exposure to pullulan would be 1.65 g. 

Pullulan is used in Japan in various foodstuffs, at levels ranging from 2 g/kg 
in ham and sausages to 30 g/kg in various processed products; use of 50 g/kg was 
reported in hard sweets. A conservative estimate of dietary exposure from various 
food by the budget method, assuming the presence of pullulan at the maximum 
reported level in a limited fraction of the diet (30 g/kg in 1/16 of the diet, corresponding 
to 187 g/day), resulted in a value of about 6 g/day. Consumption of sweets by children 
was considered separately, with consumption figures for France and the USA, 
resulting in an estimate of about 2.5 g/day. 

The Committee recognized that the conservative estimates should not be 
summed. 
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6. EVALUATION 

The Committee concluded that the current uses of pullulan as a food additive 
and the studies on its safety provided sufficient information to allocate an ADI 'not 
specified'. 
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1. BACKGROUND 

Quillaia extracts can be used as foaming agents in soft drinks and cocktail 
mixes and as emulsifiers in foods such as baked goods, sweets, frozen dairy products, 
gelatine and puddings. Their main food use is in soft drinks. The CodexAiimentarius 
has adopted a recommendation for use of quillaia extract as a foaming agent at a 
level of 100 mg/kg in food category 14.1.4, 'water-based flavoured drinks'. The 
exposure estimates considered previously by the Committee did not explicitly 
consider use of quillaia extract in semi-frozen carbonated and non-carbonated 
beverages; therefore, the Codex Committee on Food Additives and Contaminants 
requested information on use of concentrations up to 500 mg/kg in these products. 

Quillaia extracts were considered previously by the Committee, at its 26th, 
29th, 57th and 61 st meetings (Annex 1, references 59, 70, 154 and 166). At its 57th 
meeting, the Committee assessed all relevant information on toxicity with information 
on dietary intake and allocated a temporary ADI of 0-5 mg/kg bw for the unpurified 
extract, pending clarification of the specifications. At its sixty-first meeting, the 
Committee reviewed new information relating to the chemical characterization of 
quillaia extracts and further information on the specifications. The Committee agreed 
that separate specifications were needed for the two forms of quillaia extract, type 1 
('unpurified') and type 2 ('semi-purified') and also concluded that the data submitted 
for toxicological and dietary exposure assessment were specific to material described 
as type-1 extract. The 'temporary' assignment to the ADI of 0-5 mg/kg bw was 
therefore removed. The Committee at its fifty-seventh meeting estimated dietary 
exposure to quillaia extracts by a stepwise procedure, assuming a concentration of 
500 mg in all water-based flavoured drinks. On the basis of this use level, the 
Committee concluded that exposure at the 95th percentile of the distribution of 
consumption of soft drinks, particularly by children, could exceed the AD I. Estimates 
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of exposure based on consumption of soft drinks in the USA likely to contain quillaia 
extracts at a level of 100 mg/kg were below the AD I. 

2. PROPOSED USE 

The composition of semi-frozen carbonated and non-carbonated beverages 
is essentially similar to that of the corresponding unfrozen beverages, except for the 
addition of foaming agents and of carbonation or air to increase the volume, thus 
reducing the specific gravity of the dispensed beverage. They are made in retail 
establishments from beverage concentrates with unique equipment that resembles 
ice-cream machines, which inject water and C02 or air. Quillaia extract is added to 
create a soft or creamy-textured beverage that is light and fluffy. lt is the key factor 
in the proper mixing of ingredients, in the formation of the foam and in dispersion of 
the foam throughout the beverage. Furthermore, quillaia helps to keep the beverage 
from forming a solid block of ice in the machine and in maximizing the smooth 
texture of the ice crystals in the beverage. Carbonation or air increases the volume 
of the original unfrozen beverage up to 180%, essentially doubling the melted volume. 
The typical density provided by the petitioner for the final beverage ranges from 530 
to 590 g/1. 

Frozen carbonated beverages are offered for sale in the same range of 
container sizes as those used for dispensed unfrozen beverages (e.g. soft drinks) 
in the same establishments. Therefore, the volume purchased is similar to that of 
unfrozen beverages, but the amount of dried quillaia extract present in the product 
as consumed is lower owing to expansion. As the volume expansion is somewhat 
variable because of differences among machines, the petitioner conservatively used 
the upper end of the range of typical density values for frozen carbonated beverages 
in this exposure assessment, i.e. 0.590 kg/1. Therefore, a use level of 500 mg/kg in 
unexpanded frozen carbonated beverages corresponds to 295 mg quillaia extract 
per litre of frozen carbonated beverages as consumed. 

3. NEW INFORMATION SUBMITTED 

3. 1 'Frozen novelties' as surrogates for frozen carbonated beverages 

The petitioner provided data on consumption of 'frozen novelties' in the USA 
(Table 1 ). Frozen novelties differ from frozen carbonated beveragess in that they 
are denser, i.e. contain less air. The average daily exposure to quillaia extracts is 
based on 2-day individual dietary records for consumption of frozen novelties. The 
amount of surrogate frozen novelties consumed per eating occasion was also 
provided (United States Department of Agriculture, 2000). 

3.2 Frequency and amount of frozen carbonated beverages purchased 

The petitioner submitted information from a market survey in the USA on the 
frequency of purchase and consumption of frozen carbonated beverages. The two 
surveys were too dissimilar to be merged. In particular, the first (Table 2) was 
performed in November 2002, while the second (Table 3) was conducted in spring 
2002. In addition, the amount of quillaia ingested per eating occasion was estimated 
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Table 1. Distribution of amount of frozen carbonated beverages 
surrogate 'frozen novelties' consumed per eating occasion in the 
total population of the USA 

Amount frozen carbonated beverages 
consumed (g per eating occasion) 

97.1 
145.2 
190.6 
192 
193.9 
276.4 
289.5 
384 
385 
387 
524 
719 
963 

1062 
1066 
1158 

Percentile 

10 
20 
25 
30 
40 
50 
60 
70 
75 
80 
90 
95 
98 
99 
99.5 
99.9 

From United States Department of Agriculture (2000). The unweighted total 
number of eating occasions and associated person-days of consumption 
were 253 and 244, respectively 
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from container sizes, which range from 8 to 64 fluid ounces, corresponding to 240-
1900 ml. These amounts correspond to 70-558 mg of quillaia or 23-186 % of the 
current ADI per eating occasion. 

Table 2. Frequency of consumption of frozen carbonated beverages 

Frequency (eating occasions/year) 

~once a day 
4-6 times per week 
1-3 times per week 
Once a week 
2-3 times a month 
:s: once a month 

% of consumers 

15 
9 

13 
12 
23 
28 

Dataset 1; n = 463; International Council of Beverages Associations (2002a) 

Table 3. Frequency of consumption of frozen carbonated beverages 

Frequency (eating occasions/year) 

>once a week 
Once a week 
Once per 2-3 weeks 
Once a month 
< once a month 

% of consumers 

10 
14.8 
19 
26.8 
29.5 

Dataset 2; n = 400; International Council of Beverages Associations (2002b} 
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4. ASSESSMENT OF DIETARY EXPOSURE 

4.1 Assessment based on model diets 

The conclusions of the previous assessment were considered still valid in 
principle. Nevertheless, for the current assessment and as mentioned above, the 
concentration of quillaia considered was 295 mg/1 in ready-to-drink frozen carbonated 
beverages. In addition, it was assumed that frozen carbonated beverages are drunk 
in the same volume as other beverages, even if they are less dense. 

The consumption figures used previously for all soft drinks ranged from 
640 ml/day for adults at the 97.5th percentile in the United Kingdom to 1600 ml/day 
for the whole population of Australia and New Zealand at the 95th percentile. The 
97.5th percentile consumption for children in the United Kingdom was 800 ml/day. 
These figures were not updated for the current report as they are consistent with 
recently reported 97.5th percentile levels in Europe and for consumers only in Italy 
(Turrini et al., 2001 ), France (Volatier, 2000) and Sweden (Becker & Pearson, 2002), 
which are 446 ml/day, 556 ml/day and 946 ml/day, respectively. In the USA, dietary 
exposure to quillaia extracts was estimated by using frozen novelties as a surrogate 
for frozen carbonated beverages. Consumption of these beverages is 524 and 
719 g/day, equivalent to a similar volume in millilitres at the 90th and 95th percentiles 
of consumers only. In view of the differences in the methods used, all the reported 
figures were considered to be consistent. The range would therefore be 0.5-1.51/day 
per high consumer around the world. 

If it is assumed that there are 295 mg/1 of quillaia extract in the final product, 
consumption of 446, 524, 556, 640, 719, 800, 946 and 1600 ml would correspond to 
expsoure to quillaia extract of 131-472 mg/day, i.e. 44-157% of the current ADI of 
0-5 mg/kg bw. 

In this assessment, we assumed that frozen carbonated beverages are the 
only source of quillaia extracts, as no data were submitted about concentrations in 
solid foods. lt is unlikely that a high consumer of frozen carbonated beverages would 
also consume other beverages containing the same additive, but no data were 
available. 

4.2 Assessment based on probabilistic approach 

The previous estimate indicates that, independently of the surrogate used 
for the assessment, high consumers drink similar amounts of soft drinks. The 
probabilistic approach is the best means of estimating the number of consumers 
highly exposed to a specific beverage. The petitioner combined the frequency of 
consumption of frozen carbonated beverages with the amounts of frozen carbonated 
beverages and frozen novelties consumed, using a Monte Carlo simulation. In this 
exercise, the petitioner assumed that frequency and amount are independent 
variables and combined the two distributions randomly. The highest percentile 
reported was the 90th, which is adequate from a statistical point of view, considering 
the number of persons in each study (244 consumers of frozen novelties and 463 
for the frequency of consumption of frozen carbonated beverages). Under those 
conditions, dietary exposure to quillaia extracts would be below the ADI of 0-5 mg/kg 
bw. 



QU/LLAIA EXTRACT TYPE 1 67 

The hypothesis of independence between the amount consumed and the 
frequency of consumption cannot be verified from the available information. 
Therefore, a scenario in which a high consumer is also a frequent consumer cannot 
be excluded. The largest amount of frozen carbonated beverages that could be 
consumed on one eating occasion is 1900 ml. With the surrogate approach of frozen 
novelties, the highest reported consumption would be 524, 719, 963 and 1062 ml at 
the 90th, 95th, 98th and 99th percentiles, respectively, while consumption of 1 I of 
beverage would be necessary to reach the ADI for a person weighing 60 kg bw. 

If 100% dependency is assumed between the frequency and the amount 
consumed, it is possible to estimate the number of consumers likely to be at risk for 
overstepping the current ADI of 0-5 mg/kg bw. Frozen carbonated beverages are 
consumed in the USA by 1-7% of the total population, corresponding to 10 000-
70 000 consumers per million. Of those consumers, 15% regularly consume frozen 
carbonated beverages at least once a day, which corresponds to 1500-1 0 500 
persons per million, and 1% drink more than 1 I/ day, which corresponds to 15-100 
persons per million in the entire population. 
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SAFETY EVALUATIONS OF GROUPS OF RELATED 

FLAVOURING AGENTS 

INTRODUCTION 

Seven groups of flavouring agents were evaluated by the Procedure for the 
Safety Evaluation of Flavouring Agents as outlined in Figure 1 (Annex 1, references 
116, 122, 131, 137, 143, 149 and 154). 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 11. 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 Ill. 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. 

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 
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Figure 1. Procedure for the safety evaluation of flavouring agents 

Substance would not 
be expected to be of 
safety concern 

Yes 

Substance would not 
be expected to be of 
safety concern 

1. Determine structural class 

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

A 

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

Yes 

~Yes 
A4. Is the substance or are its 

metabolites endogenous? 

~ No 

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 

N~ 8 

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

~ No 

84. 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? 

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

Do the conditions of use result in an 

c__rin_t_a_ke___:::g_re_a_te_r_t_h_a_n_1_.5__.:_~.:.g_:_p_e_r _d_ay::...?_. _ ___,_ __ _. Substance would not 

Yes be expected to be of 
safety concern. 

Additional data required 
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Food and 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 1 0% of the population. 

Intake _ 
annual volume of production (kg) x 1 09 (!lg/kg) 

(!lg/person per day) -
population of consumers x 0.6 (or 0.8) x 365 days 

The population of consumers was assumed to be 32 x 1 06 in Europe and 
26 x 1 06 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. 
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1.0 EVALUATION 

1.1 Introduction 

The Committee evaluated a group of seven flavouring agents (see Table 1) 
comprising maltol and related substances. The evaluations were conducted according 
to the Procedure for· the Safety Evaluation of Flavouring Agents (see Figure 1, p. 
170). The Committee had evaluated two members of the group previously. Maltol 
(No. 1480) was evaluated at the eleventh meeting (Annex 1, reference 15), when a 
temporary ADI of 0-1 mg/kg bw was established because no results of long-term 
studies were available. At its eighteenth meeting (Annex 1, reference 35), the 
Committee withdrew the temporary ADI because the results of the long-term studies 
of toxicity that had been requested at its previous meeting had not been made 
available. At its twenty-second meeting (Annex 1, reference 47), the Committee 
evaluated new data on toxicity and established a temporary ADI of 0-0.5 mg/kg bw. 
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Table 1. Summary of results of safety evaluations of maltol and related substances used or proposed for use as flavouring agents 

Flavouring agent No. CAS no. and Step A3• Step A4 StepA5 Comments Conclusion based 
structure Does intake Is the flavouring Adequate NOEL for on current intake 

exceed the agent or are its substance or 
threshold for metabolites related substance? 
human intake?b endogenous? 

Structural class 11 

Maltol 1480 118-71-8 Yes No Yes. The NOEL of Note 1 At its 25th meeting, 
Europe: 3585 1 00 mg/kg bw per day JECFA established 

0 USA: 2898 (Annex 1 , reference 56) an ADI of 0-1 mg/ 

lx" is > 1600 times the kg bw (Annex 1, 
estimated daily intake reference 56). 
of maltol when used 

0 
as a flavouring agent. 

Ethyl maltol 1481 4940-11-8 Yes No Yes. The NOEL of Note 1 At its 18th meeting, 
~ Europe: 1851 200 mg/kg bw per day for JECFA established 

0 
USA: 6692 ethyl maltol in rats (Annex an ADI of 0-2 mg/ .-

&~ 
~ 1, reference 35) is kg bw (Annex 1, .-

> 1800 times the reference 35). :t.. 
estimated daily intake ~ 
of ethyl maltol when used JJ 
as a flavouring agent. PJ 

:t.. 
nl 
0 
(/) 

:ii 
(/) 

~ c: 
() 

m 



Table 1 (contd) ~ ..... 

Flavouring agent No. CAS no. and Step A3a StepA4 Step A5 Comments Conclusion based 
Cj 
..... 

structure Does intake Is the flavouring Adequate NOEL for on current intake )::,. 

exceed the agent or are its substance or :c: 
0 

threshold for metabolites related substance? :xJ 
human intake?b endogenous? ~ 

)::,. 

Maltyl isobutyrate 1482 65416-14-0 No NR NR Note 2 No safety concern n1 
0 

l 0~ 
Europe: 23 (/) 

USA: 38 c:: 
lJJ 
(/) 

lX 1

: 

~ :c: 
(') 

m 
2-Methyl-3-(1-oxo- 1483 68555-63-5 No NR NR Note 2 No safety concern 
p ropoxy)-4 H-pyran- 0 Europe: ND (conditional) 
4-one 6c( USA: 26b 

Structural class Ill 
2-Amyl-5 or 6-keto- 1485 65504-96-3 No NR NR Note 3 No safety concern 
1 ,4-dioxane Europe: ND 

0'(~ 
USA: 0.2 

..... ..... 



Table 1 (contd) 

Flavouring agent 

Structural class Ill 

No. CAS no. and 
structure 

2-Butyl-5- or -6-keto- 1484 65504-95-2 
1 ,4-dioxane 

2-Hexyl-5 or 6-keto-
1 ,4-dioxane 

1486 65504-97-4 

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

No 
Europe: ND 
USA: 0.5 

No 
Europe: ND 
USA: 0.5 

StepA4 
Is the flavouring 
agent or are its 
metabolites 
endogenous? 

NR 

NR 

Step A5 
Adequate NOEL for 
substance or 
related substance? 

NR 

NR 

Comments Conclusion based 
on current intake 

Note 3 No safety concern 

Note 3 No safety concern 

CAS: Chemical Abstracts Service; ND: no intake data reported; N/R: not required for evaluation because intake of the substance was determined to 
be of no safety concern at Step A3 of the procedure. 
Step 2: All the agents in this group can be predicted to be metabolized to innocuous products. The evaluation of these flavouring agents therefore 
proceeded via the A-side of the Procedure. 
• The thresholds for human intake for structural classes 11 and Ill are 540 [lg/day and 90 [lg/day, respectively. All intake values are expressed in [lg/ 

day. The combined per capita intakes of flavouring agents in structural class 11 are 5459 [lg/day in Europe and 9655 [lg/day in the USA. The 
combined per capita intake of flavouring agents in structural class Ill is 1.2 [lg/day in the USA. 

b Intake estimate based on anticipated annual volume of production 

Notes: 
1. Conjugation with glucuronic acid or sulfate followed by excretion in urine 
2. Hydrolysis to maltol and the corresponding carboxylic acid, followed by conjugation with glucuronic acid or sulfate and excretion in urine 
3. Hydrolysis to a hydroxycarboxylic acid, followed by excretion as the glucuronic acid conjugate 
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At its twenty-fifth meeting (Annex 1, reference 56), the Committee evaluated additional 
data and assigned an ADI of 0-1 mg/kg bw. Ethyl maltol (No. 1481) was evaluated 
at the fourteenth meeting (Annex 1, reference 22), when the Committee established 
an ADI of 0-2 mg/kg bw. At its eighteenth meeting (Annex 1, reference 35), the 
Committee re-evaluated ethyl maltol and confirmed the previous ADI of 0-2 mg/kg 
bw. 

One of the seven substances, maltol (No. 1480), has been reported to occur 
naturally in a wide variety of foods, including wheaten and rye bread, milk, butter, 
uncured pork, beer, cocoa, coffee, peanuts, soya proteins, beans, and clams. Under 
conditions of baking (e.g. bread, beans) and roasting (cocoa, coffee, peanuts), simple 
sugars are partly converted to maltol (Nijssen et al., 2003). 

1.2 Estimated daily per capita exposure 

Annual volumes of production have been reported for six of the seven 
flavouring agents in the group (Nos 1480, 1481, 1482, 1484, 1485 and 1486). With 
respect to the remaining substance (No. 1483), anticipated annual volumes of 
production have been given for its proposed use as a flavouring agent. The total 
reported and anticipated annual volume of production of the seven flavouring agents 
in this group is about 38 000 kg in Europe (International Organization of the Flavor 
Industry, 1995) and 73 000 kg in the USA (National Academy of Sciences, 1970, 
1982; Lucas et al., 1999). More than 99% of the total reported and anticipated annual 
volumes of production in Europe and the USA is accounted for by maltol and ethyl 
maltol. The per capita intakes of maltol in Europe and the USA are about 3600 and 
2900 11g/day, respectively. The per capita intakes of ethyl maltol in Europe and the 
USA are about 1800 and 6700 11g/day, respectively. The per capita exposure to the 
remainder of the flavouring agents in the group is 0-23 11g/day in Europe and 0.2-
38 11g/day in the USA, most of the values being at the lower end of these ranges. 
The per capita exposure to each agent is reported in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

Chemically, maltol is classified as ay-pyrone. lt is a hydroxyl-substituted 4H
pyran-4-one and is expected be metabolized similarly to phenol, primarily undergoing 
phase 11 conjugation of the free hydroxy substituent. Maltol (2-methyl-3-hydroxy-
4H-pyran-4-one) and ethyl maltol (2-ethyl-3-hydroxy-4H-pyran-4-one) are predomi
nantly metabolized to sulfate and glucuronic acid conjugates, which are then 
eliminated in the urine (Rennhard, 1971 ). Maltol esters (Nos 1482 and 1483) are 
predicted to be hydrolysed to ethyl maltol and the corresponding simple aliphatic 
carboxylic acid (propionic acid or isobutyric acid) (Bennett, 1998) and to undergo 
further metabolism similar to that of maltol and ethyl maltol. 

The remaining three substances (Nos 1484, 1485, and 1486) in the group 
are a-pyrone derivatives and contain a saturated 3H-pyranone nucleus. These three 
substances are lactones and are readily hydrolysed to yield the corresponding ring
opened hydroxy acid derivatives. In nature, lactones are formed by acid-catalysed 
intramolecular cyclization of four- or five-carbon hydroxycarboxylic acids to yield 
five- (y-) or six- (8-) membered lactone rings, respectively. The stability of the lactone 
ring in an aqueous environment is pH-dependent. In basic media such as blood, 
lactones hydrolyse rapidly to the open-chain hydroxycarboxylic acid (Fishbein & 
Bessman, 1966; Roth & Giarman, 1966; Guidotti & Ballotti, 1970). Studies of 
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Table 2. Annual volumes of production of maltol and related substances used or 
proposed for use as flavouring agents in Europe and the USA 

Agent (No.) Exposureb Annual volume in Reported• I 
anticipated 
annual 
volume (kg) 

naturally occurring 
IJ.g/day 11g/kg bw foods (kg)c 

per day 

Mal to I ( 1480) 
Europe 25 123 3 585 60 
USA 21 999 2 898 48 

Ethyl maltol (1481) 
Europe 12 969 1 851 31 
USA 50 802 6 692 112 

Maltyl isobutyrate (1482) 
Europe 163 23 0.4 
USA 286 38 0.6 

2-Methyl-3-(1-oxopropoxy)-4H-pyran-4-one (1483) 
Europe ND ND 
USN 150 26 

2-Butyl-5- or -6-keto-1 ,4-dioxane (1484) 
Europe ND ND 
USA' 3 0.5 

2-Amyl-5- or -6-keto-1 ,4-dioxane (1485) 
Europe ND ND 
USA' 0.2 

2-Hexyl-5- or -6-keto-1 ,4-dioxane (1486) 
Europe ND ND 
USA' 3 0.5 

Total 
Europe 
USA 

38 255 
73 244 

ND 
0.4 

ND 
0.009 

ND 
0.003 

ND 
0.009 

38 694 

Consumption 
ratiod 

2 

NA 

NA 

NA 

NA 

NA 

NA 

NA, not available; ND, no intake data reported;-, not reported to occur naturally in foods 
• From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1982) 
b Exposure (llg/person per day) calculated as follows: [(annual volume, kg) x (1 x 109 1J.g/kg)/ 

(population x survey correction factor x 365 days)], where population (1 0%, 'eaters only')= 
32 x 106 for Europe and 26 x 106 for the USA; where survey correction factor= 0.6 for 
Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of the 
annual flavour volume, respectively, was reported in poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999; National Academy of 
Sciences, 1982) or in the anticipated annual volume. 
Exposure (IJ.g/kg bw per day) calculated as follows: [(llg/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 and Grundschober (1987) 
d The consumption ratio is calculated as follows: (annual consumption from food, kg)/( most 

recent reported volume as a flavouring substance, kg) 
e The volume cited is the 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, 
1987; Lucas et.al., 1999), if applicable, revealed no reported use as a flavour agent. 

1 Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1982) 
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structurally related lactones (Billecke et al., 2000) indicate that the aliphatic lactones 
would be hydrolysed to yield the corresponding hydroxycarboxylic acid. These acids 
can undergo further oxidation to yield polar, excretable metabolites or enter the fatty 
acid pathway and undergo ~-oxidative cleavage to yield polar metabolites of lower 
relative molecular mass, which are also excreted either unchanged or conjugated in 
the urine (Nelson & Cox, 2000). 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported and 
an anticipated volume of production were given, the Committee based its evaluation 
on the reported volume of production if the exposure estimated from it exceeded the 
exposure estimated from the anticipated volume of production and applied no 
conditions to its decision on safety. If the exposure estimated from the anticipated 
volume of production exceeded the intake estimated from the reported volume of 
production, the Committee based its evaluation on the anticipated volume of 
production but considered its decision on safety to be 'conditional', pending receipt 
of information on use levels or poundage data by December 2007. In applying the 
Procedure to flavouring agents for which only anticipated volumes of production 
were given, the decision was likewise made conditional. 

Step 1. In applying the Procedure to this group of flavouring agents, the Committee 
assigned four of the seven agents (Nos 1480, 1481, 1482 and 1483) to 
structural class 11 and the remaining three agents (Nos 1484, 1485 and 
1486) to structural class Ill (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 procedure. 

Step A3. The estimated daily per capita exposure to two of the four agents in 
structural class 11 (Nos 1482 and 1483) and of all three agents in structural 
class Ill is below the threshold of concern for their respective class (i.e. 
class 11, 540 11g/day; class Ill, 90 11g/day). Four of these five substances 
(Nos 1482, 1484, 1485 and 1486) are reported to be used as flavouring 
agents. According to the Procedure, use of these four agents would not 
raise concern about safety at the estimated daily exposure. The other 
substance (No. 1483) is proposed for use as a flavouring agent. Although 
the Procedure indicates no safety concern with use of this flavouring 
agent at the estimated daily exposure derived from the anticipated annual 
volume of production, less uncertain exposure estimates are needed. 
Estimated daily exposure to the remaining two agents in structural class 
11, maltol (No. 1480) and ethyl maltol (No. 1481 ), exceed the threshold of 
concern for structural class 11. The per capita exposure to maltol is about 
3600 11g/day in Europe and 3000 11g/day in the USA, and the exposure to 
ethyl maltol is about 1800 11g/day in Europe and 6700 11g/day in the USA. 
Accordingly, the evaluation of these two agents proceeded to step A4. 

Step A4. M alto I (No. 1480) and ethyl maltol (No. 1481) are not endogenous. 
Therefore, their evaluation proceeded to step AS. 
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Step AS. At its twenty-fifth meeting, the Committee established an ADI of Q-1 mg/kg 
bw for maltol (No. 1480) on the basis of a NOEL of 1 00 mg/kg bw per day 
in a 2-year dietary study in rats (Annex 1, reference 56). This NOEL is 
more than 1800 times the estimated daily exposure to this agent from its 
use as a flavouring agent in Europe or the USA. At its eighteenth meeting, 
the Committee established an ADI of 0-2 mg/kg bw for ethyl maltol (No. 
1481) on the basis of a NOEL of 200 mg/kg bw per day in a 2-year dietary 
study in rats (Annex 1, reference 35). This NOEL is more than 1800 
times the estimated daily iexposure to this substance from its use as a 
flavouring agent in Europe or the USA. The Committee therefore 
concluded that the exposure to flavours in this group would not raise 
concerns about safety. 

The exposure considerations and other information used to evaluate maltol 
and six related derivatives according to the Procedure are summarized in Table 1. 

1.5 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all four agents in structural class 11 were to be 
consumed concurrently on a daily basis, the estimated combined intake would exceed 
the human exposure threshold for class 11 (540 !lg per person per day). All four 
agents in this group are, however, expected to be efficiently metabolized and would 
not saturate metabolic pathways. Their safety is also indicated by the results of 
studies on the toxicity of maltol and ethyl maltol. An evaluation of all the data indicates 
that combined intake would not raise concern about safety. 

In the unlikely event that all three agents in structural class Ill were to be 
consumed concurrently on a daily basis, the estimated combined intake would not 
exceed the human intake threshold for class Ill (90 11g per person per day). Their 
safety is also indicated by the results of studies of toxicity. An evaluation of all the 
data indicates that combined intake would not raise concern about safety. 

1.6 Conclusions 

The Committee maintained the previously established ADis of 0-1 mg/kg 
bw for maltol and 0-2 mg/kg bw for ethyl maltol. The Committee concluded that use 
of the flavouring agents in this group of maltol and related substances would not 
present a safety concern at the estimated daily intakes. For one agent (No. 1483), 
the evaluation was conditional, because the estimated daily exposure was based 
on the anticipated annual volume of production. The conclusion about the safety of 
this substance will be revoked if use levels or poundage data are not provided before 
December 2007. The Committee noted that the available data on the toxicity and 
metabolism of the maltol derivatives were consistent with the results of the safety 
evaluation made with the Procedure. 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

The relevant background information summarizes the key scientific data 
applicable to the safety evaluation of seven flavouring agents that include maltol 
and related substances. 
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2.2 Additional considerations on exposure 

Maltol (No. 1480) is the only substance in this group of flavouring agents that 
is reported to occur in traditional foods. Quantitative data on natural occurrence and 
a consumption ratio reported for maltol indicate that exposure is predominantly from 
consumption of traditional foods (i.e. a consumption ratio> 1) (Stofberg & Kirschman, 
1985; Stofberg & Grundschober, 1987). The production volumes and exposure values 
for each flavouring agent in this group are shown in Table 2. 

2.3 Biological data 

2. 3. 1 Biochemical data 

(a) Hydrolysis 

In general, aromatic esters are hydrolysed in vivo by the catalytic activity of 
carboxylesterases (Heymann, 1980), the most important of which are the A-esterases. 
Carboxylesterases are present in the endoplasmic reticulum of most mammalian 
tissues (Hosokawa et al., 2001 ), predominantly in hepatocytes (Graffner-Nordberg 
et al., 1998; Hosokawa et al., 2001 ). 

Incubation of 2-methyl-4-pyron-3-yl2-methylpropanoate (maltol isobutyrate, 
No. 1482) with simulated gastric and intestinal fluid was reported to result in complete 
hydrolysis to the corresponding acid (isobutyric acid) and alcohol (maltol) within 1 0 
and 15 h, respectively (Fiavor and Extract Manufacturers Association of the United 
States, 1973). Incubation of maltol propionate (No. 1483) with simulated intestinal 
fluid containing pancreatin at 37 QC resulted in essentially complete hydrolysis within . 
5 h (Ben nett, 1998). 

(b) Absorption, distribution, metabolism and excretion 

Maltol (No. 1480) and derivatives (Nos 1481 to 1483) contain ay-pyrone ring 
system. y-Pyrones are relatively basic, and the behaviour as a base is partly due to 
the aromatic character and relative stability of the conjugate acid (see Figure 1 ). As 
that they-pyrone ring also contains a 3-hydroxy substituent, it is expected that maltol 
and its derivatives will be readily conjugated with glucuronic acid or sulfate. In addition, 
maltol may form a complex with metal ions (e.g. Fe++), like phenols. lt also has 
antioxidant properties in vitro and in vivo (see Other biochemical properties, below). 

Groups of two beagle dogs of each sex were given a single intravenous 
injection of 10 mg/kg bw maltol (No. 1480), and urine samples were collected for 
72 h. An average of 58.5% of the administered dose was excreted as a mixture of 
sulfate and glucuronic acid conjugates of maltol. About 98% of the total urinary 
excretion of conjugates occurred within the first 24 h, males and females excreting 

Figure 1. Ma/tol acid-base reaction 
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an average of 42% and 73% of the administered dose, respectively. In a parallel 
study, groups of two beagle dogs of each sex were given a single intravenous injection 
of 10 mg/kg bw ethyl maltol (No. 1481 ). Analysis of urine samples collected over 
72 h showed that an average of 66.3% of the administered dose had been excreted 
as a mixture of sulfate and glucuronic acid conjugates of ethyl maltol. About 97% of 
the total excretion occurred within the first 24 h. During that time, males and females 
excreted an average of 38% and 91% of the administered dose, respectively 
(Rennhard, 1971 ). 

One male and one female beagle dog were given oral doses of ethyl maltol 
at 200 mg/kg per day on 2 consecutive days, and excreta were collected for 24 h 
after each dose. An average of 64% of each dose was excreted in the urine as 
either the sulfate (male, 12.9%; female, 11 %) or the glucuronic acid (male, 46.6%; 
female, 57.6%) conjugate within 24 h after each dose. Small amounts of free ethyl 
maltol (male, 0.12%; female, 0.13%) were also detected in urine, and small amounts 
(male, 2.23%; female, 0.25%) of free and conjugated maltol were detected in faeces 
(Rennhard, 1971 ). 

The three dioxane compounds, 2-butyl-5- or -6-keto-1 ,4-dioxane (No. 1484), 
2-amyl-5- or -6-keto-1 ,4-dioxane (No. 1485), and 2-hexyl-5- or -6-keto-1 ,4-dioxane 
(No. 1486) are expected to be metabolized similarly to lactones. Lactones undergo 
hydrolysis to yield the corresponding ring-opened d-hydroxycarboxylic acid. The 
three dioxanes in this group hydrolyse to 5-hydroxycarboxylic acid derivatives in 
which position 3 of the chain is occupied by an oxygen atom. This prohibits 
participation in the fatty acid metabolism pathway. As these hydrolysis products 
contain polar oxygenated functional groups, however, they are anticipated to be 
rapidly absorbed and excreted, either free or in conjugated form. The metabolism of 
aliphatic and alicyclic lactones that do not undergo y-oxidation in the fatty acid pathway 
has been reviewed previously by the Committee (Annex 1, reference 166). 

In conclusion, the flavouring agents in this group are anticipated to be rapidly 
absorbed and metabolized, either by conjugation with glucuronic acid or sulfate, 
like the maltol derivatives, or by hydrolysis, like the lactone derivatives. 

(c) Other biochemical properties 

Maltol has antioxidant properties, presumably through its ability to complex 
metal ions such as Fe++ and to promote the formation of reduced glutathione (GSH) 
(Murakami et al., 2001 ). Maltol at a concentration of 130 J.lmol/1 inhibited iron-mediated 
lipid peroxidation and increased scavenging of reactive oxygen species by enhancing 
the supply of NADPH required for regeneration of GSH. Maltol inhibited the formation 
of thiobarbituric acid-reactive substances when incubated with rat liver microsomes 
in the presence of Fe++ and ascorbate. Maltol at concentrations of 130-140 J.lmol/1 
also effectively inhibited the inactivation of NADP-isocitrate dehydrogenase, the 
principal NADPH-generating enzyme, by Fe++. Maltol significantly increased the 
oxidation of Fe++, while dimethylpyrone had no effect. The latter results suggest that 
the 3-hydroxy substituent in maltol is necessary to promote Fe++ oxidation. 

Kainic acid has been shown to induce oxidative stress (increased lipid 
peroxidation and decreased GSH levels) in the brain tissue of rodents, causing 
neurobehavioural effects (Gupta et al., 2002). In a further study, male ICR mice 
were given maltol at 0, 50 or 1 00 mg/kg bw on 5 consecutive days; 30 m in after the 
final administration, the animals were given kainic acid in a single subcutaneous 
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injection of 50 mg/kg bw. Administration of kainic acid alone resulted in epileptic-like 
seizures, causing 50% mortality, damage to pyramidal cells of the hippocampus, 
marked decreases in GSH content and GSH peroxidase activity, and increases in 
the level of thiobarbituric acid-reactive substances in brain tissue. Administration of 
m alto I at 100 mg/kg bw, but not 50 mg/kg bw, attenuated the neurobehavioural 
effects, and the loss of neurons in the hippocampus and mortality (12.5%) were 
significantly reduced. Maltol also restored brain GSH and GSH peroxidase activity 
to control levels (Kim et al., 2004). 

2.3.2 Toxicological studies 

(a) Acute toxicity 

LD50 values after oral administration have been reported for three of the 
seven substances in this group (see Table 3), ranging from 1150 to 2800 mg/kg bw 
for rats and from 550 to 2100 mg/kg bw for mice. The value for guinea-pigs was 
1410 mg/kg bw. These values indicate that the acute toxicity of maltol and related 
substances after oral intake is low (Dow Chemical Company, 1967; Pellmont, 
1968a,b; Gralla et al., 1969; Moreno, 1974a,b). 

(b) Shorl-term studies of toxicity 

The results of short-term studies with maltol and related substances are 
summarized in Table 4. 

Malta/ (No. 1480) 

Mice 

Eight female Swiss mice were fed a diet containing 3-hydroxy-2-methyl-4-
pyrone (maltol) at a level of 0.5% (w/w) for 21 weeks, calculated to provide an 
average daily intake of 750 mg/kg bw (Food & Drug Administration, 1993). A 

Table 3. Results of studies for acute toxicity of maltol and related substances 
administered orally 

No. Flavouring agent Species; sex LD
50 

(mg/kg bw) Reference 

1480 Mal to I Mouse; F 550 Dow Chemical Co. 
(1967) 

1480 Mal to I Mouse; M 848 Gralla et al. (1969) 
1480 Mal to I Rat; F 1410 Dow Chemical Co. 

(1967) 
1480 Mal to I Rat; M 1440 Gralla et al. (1969) 
1480 Maltol Rat; NR 2330 Moreno (1974a) 
1480 Mal to I Guinea-pig; M 1410 Dow Chemical Co. 

(1967) 
1481 Ethyl maltol Mouse; M 780 Gralla et al. (1969) 
1481 Ethyl maltol Rat; M, F M: 1150 

F: 1200 Gralla et al. (1969) 
1481 Ethyl maltol Rat; NR 1220 Moreno (1974b) 
1482 Maltyl isobutyrate Mouse; NR 2100 Pellmont (1968a) 
1482 Maltyl isobutyrate Rat; NR 2800 Pellmont (1968b) 

M, male; F, female; NR, not reported 



Table 4. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity with maltol and related 
substances 

No. Substance Species; No. test groups•/ Duration NOEL Reference 
sex no. per groupb (days) (mg/kg bw 

per day) 

Short-term studies 
1480 Maltol Mouse; F 1/8 147 750' Bhathal et al. ( 1984) 
1480 Maltol Rat; M, F 1/20 90 < 1000 Gralla et al. (1969) 
1480 Maltol Rat; M, F 1/30 186 500' Dow Chemical Co. (1967) 
1480 Maltol Dog; M, F 3/4 90 < 125 Gralla et al. (1969) 
1481 Ethyl maltol Rat; M, F 3/20 90 < 250 Gralla et al. (1969) 
1481 Ethyl maltol Dog; M, F 3/4 90 < 125 Gralla et al. (1969) 
1484 2-Butyl-5- or -6-keto-1 ,4-dioxane Rat; M, F 1/28 90 6.59 (M) 

7.35 (F)' Posternak (1969a) 
1485 2-Arnyl-5 or -6-keto-1 ,4-dioxane Rat; M, F 1/28 90 6.65 (M) 

7.33 (F)' Posternak (1969b) 
1486 2-Hexyl-5 or -6-keto-1 ,4-dioxane Rat; M, F 1/28 90 < 5.96 (M) 

< 6.76 (F) Posternak (1969c) 
Long-term studies 
1481 Ethyl maltol Rat; M, F 3/50 730 200' Gralla et al. (1969) 
1481 Ethyl maltol Dog; M, F 3/8 730 200' Gralla et al. (1969) 

M, male; F, female 
• Total number of test groups does not include control animals. 
b Total number per test group includes both male and female animals. 
' Study performed with either a single dose or multiple doses that had no adverse effect. The value is therefore not a true NOEL but is the highest 

dose tested that had no adverse effects. The actual NOEL might be higher. 
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concurrent control group was maintained. Food and water were provided ad libitum, 
and body weights were recorded weekly. At termination, no differences in general 
health, behaviour, body-weight gain or relative liver weights were reported. Gross 
and microscopic examination revealed no histological abnormalities in the livers of 
the treated mice when compared with the controls (Bhathal et al., 1984). 

Rats 

Groups of 10 Charles River weanling albino rats of each sex were maintained 
on a diet containing maltol at a level calculated to provide an average daily intake of 
1000 mg/kg bw for 90 days. Concurrent control groups of an unspecified number of 
male and female rats were maintained on basal diet. Body weight and food 
consumption were recorded weekly. Blood and urine samples were collected from 
five male and five female rats in each group 45 and 90 days after the beginning of 
the study. Blood samples were analysed for haemoglobin, erythrocyte volume 
fraction, red blood cell count, total white blood cell count and differential count. 
Urine samples were analysed for colour, volume, specific gravity, pH, blood, albumin 
and glucose, and the sediment was examined microscopically after centrifugation. 
At the end of the study, all rats were necropsied; organ weights were recorded 
(heart, lungs, liver, kidneys, pancreas, spleen, thymus, mesenteric lymph nodes, 
adrenals, thyroid, brain, hypophysis, uterus and ovaries), and gross and microscopic 
examinations were made of brain, cervical spinal cord, hypophysis, eye, parotid 
gland, thyroid and parathyroid, adrenals, thymus, heart, lung, sternum, rib, aorta, 
liver, spleen, pancreas, stomach, small and large intestine, mesenteric lymph nodes, 
reproductive tract, kidneys, urinary bladder, skeletal muscle, femoral nerve, femoral 
bone marrow, skin and mammary gland. Decreased body-weight gain was reported 
in males and females after weeks 3 and 9, respectively, the male rats being more 
severely affected. A decrease in haemoglobin and slightly amber-coloured serum 
were observed in one male and one female at study termination. A high incidence of 
albuminuria was observed in all treated rats. No significant gross pathological 
changes were detected, and no differences between test and control animals in 
organ weights were recorded. Microscopic examination revealed kidney lesions 
identified as dilated acellular glomerular tufts with protein extravasation into Bowman 
capsules and cast formation within the lumina of dilated corticomedullary tubules. 
The deaths of two of the treated rats were attributed by the authors to renal fail~re 
(Gralla et al., 1969). 

Groups· of 15 male and 15 female 4- to 5-week-old rats were fed a diet 
containing 1% maltol for 6 months, calculated to provide an average daily intake of 
500 mg/kg bw (Food & Drug Administration, 1993). Concurrent control groups of 15 
rats of each sex were maintained on a basal diet. Body weights were recorded twice 
weekly. The six male and nine female controls and the four male and nine female 
treated rats that died during the experiment were examined for gross pathological 
lesions. At study termination, haematological parameters were evaluated in eight 
treated and control males, and all remaining animals were necropsied. Major organs 
were examined grossly and weighed, and selected tissues were fixed and stained 
for microscopic examination. No significant differences in appearance, behaviour, 
body weights or organ weights were observed between the treated and control 
animals during the study. The haematological values of treated males were normal 
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after 6 months. Histopathological examination of the liver, kidney, spleen, adrenals, 
pancreas and testes of males and females revealed no evidence of lesions that 
could be associated with treatment. The NOEL was 500 mg/kg bw per day (Dow 
Chemical Co., 1967). 

Dogs 

Groups of four male and four female beagle dogs were given capsules 
containing maltol at a dose of 125, 250 or 500 mg/kg bw per day for 90 days. Body 
weights were recorded weekly. Haematological examinations (haemoglobin, 
erythrocyte volume fraction and red blood cell count), ophthalmological examinations, 
renal function (measured by the bromosulfphthalein excretion test) and clinical 
chemistry (blood urea nitrogen, alkaline phosphatase, aspartate and alanine 
aminotransferases, total bilirubin and glucose) were evaluated at the beginning of 
the study and on days 14, 30, 60 and 90. At necropsy, major organs (heart, lung, 
liver, kidneys, pancreas, spleen, thymus, adrenals, thyroid, brain, pituitary, testes, 
epididymes, seminal vesicles, prostate, uterus and ovary) were removed and 
weighed. Selected tissues (brain, cervical spinal cord, sciatic nerve, hypophysis, 
eye, optic nerve, thyroid and parathyroid, thymus, heart, lung, carinal node, sternum, 
rib, brachial plexus, aorta, liver, spleen, pancreas, adrenal, stomach, small and large 
intestine, mesenteric node, all levels of male and female reproductive tracts, kidneys, 
urinary bladder, femoral bone marrow, skeletal muscle, submaxillary gland, mammary 
gland and tongue) were evaluated microscopically. Three of four animals (sex not 
specified) at 500 mg/kg bw per day died within 21-41 days, and the fourth was 
killed when it became moribund. The symptoms before death included weight loss, 
episcleritis, icteric mucous membranes, emesis, ataxia and prostration. Two dogs 
(sex not specified} had decreased haemoglobin concentrations, erythrocyte volume 
fractions and red blood cell counts and increased blood urea nitrogen. Three dogs 
(sex not specified} had elevated aspartate and alanine aminotransferase activities, 
and all four (sex not specified) had increased bilirubin levels. Pathological examination 
of the tissues revealed pulmonary oedema, hepatic and adrenal cortical and 
medullary necrosis, fatty degeneration of the myocardium and testicular degeneration. 
Except for slight decreases in haemoglobin, erythrocyte volume fraction, red blood 
cell count and bilirubin values at 250 mg/kg bw per day, no effects were reported at 
125 or 250 mg/kg bw per day. The NOEL was 250 mg/kg per day (Gralla et al., 
1969). 

Ethyl maltol (No. 1481) 

Rats 

Groups of 10 Charles River wean ling albino rats of each sex were maintained 
on a diet containing ethyl maltol at levels calculated to provide an average daily 
intake of 250, 500 or 1000 mg/kg bw for 90 days. Concurrent control groups of 
unspecified numbers of male and female rats were maintained on a basal diet. 
Body weight and food consumption were recorded weekly. Blood and urine samples 
were collected from five male and five female rats from each group 45 and 90 days 
after the start of the study. Blood samples were analysed for haemoglobin, erythrocyte 
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volume fraction, red blood cell count, total white blood cell count and differential 
count. Urine samples were analysed for colour, volume, specific gravity, pH, blood, 
albumin and glucose, and the sediment was analysed microscopically after 
centrifugation. At study termination, all rats were necropsied and organ weights 
were recorded (heart, lungs, liver, kidneys, pancreas, spleen, thymus, mesenteric 
lymph nodes, adrenals, thyroid, brain, hypophysis, uterus and ovaries); gross and 
microscopic examinations were made of major tissues (brain, cervical spinal cord, 
hypophysis, eye, parotid gland, thyroid and parathyroid, adrenals, thymus, heart, 
lung, sternum, rib, aorta, liver, spleen, pancreas, stomach, small and large intestine, 
mesenteric lymph nodes, reproductive tract, kidneys, urinary bladder, skeletal muscle, 
femoral nerve, femoral bone marrow, skin and mammary gland). There were no 
significant effects on body-weight gain. Two females and three males at the lowest 
dose had decreased haemoglobin concentration and slightly amber-coloured serum, 
but these changes were not seen at higher doses. No significant gross pathological 
changes or changes in organ weights were reported. Microscopic examination 
revealed a low incidence of kidney lesions, characterized as dilated acellular 
glomerular tufts with protein extravasation into Bowman capsule and cast formation 
within the lumina of dilated corticomedullary tubules, in rats at 1 000 mg/kg bw per 
day; however, the incidence was less than that in rats given the same dose of maltol 
(Gralla et al., 1969). 

Dogs 

Groups of four male and four female beagle dogs were given capsules 
containing ethyl maltol at a dose of 125, 250 or 500 mg/kg bw per day for 90 days. 
Body weights were recorded weekly. Haematological examinations (haemoglobin, 
erythrocyte volume fraction and red blood cell count), ophthalmological examinations, 
renal function (bromosulfphthalein excretion test) and clinical chemistry (blood urea 
nitrogen, alkaline phosphatase, aspartate and alanine aminotransferases, total 
bilirubin and glucose) were evaluated at the start of the study and on days 14, 30, 
60 and 90. At necropsy, major organs (heart, lung, liver, kidneys, pancreas, spleen, 
thymus, adrenals, thyroid, brain, pituitary, testes, epididymes, seminal vesicles, 
prostate, uterus, and ovary) were weighed. Selected tissues (brain, cervical spinal 
cord, sciatic nerve, hypophysis, eye, optic nerve, thyroid and parathyroid, thymus, 
heart, lung, carina! node, sternum, rib, brachial plexus, aorta, liver, spleen, pancreas, 
adrenal, stomach, small and large intestine, mesenteric node, all levels of male and 
female reproductive tracts, kidneys, urinary bladder, femoral bone marrow, skeletal 
muscle, submaxillary gland, mammary gland and tongue) were examined 
microscopically. On day 30, all dogs receiving 500 mg/kg bw per day and half of 
those receiving 250 mg/kg bw per day showed elevated bilirubin levels, which 
returned to normal in the dogs at 250 mg/kg bw per day. Microscopic examination of 
the liver revealed that dogs at 250 mg/kg bw per day had a few or a moderate 
number of Kupffer cells containing both haemosiderin and small amounts of 
intracellular bilirubin. In dogs at 125 mg/kg bw per day, a few Kupffer cells contained 
haemosiderin, but no bilirubin was detected. No other effects were reported (Gralla 
et al., 1969). 
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2-Butyl-5- or -6-keto-1 ,4-dioxane (No. 1484), 2-amyl-5- or -6-keto-1 ,4-dioxane 
(No. 1485) and 2-hexy/-5- or -6-keto-1,4-dioxane (No. 1486) 

Rats 

In three studies, groups of 14 Charles River rats of each sex were fed diets 
containing 2-butyl-5- or -6-keto-1 ,4-dioxane (No. 1484 ), 2-amyl-5- or -6-keto-1 ,4-
dioxane (No. 1485) or 2-hexyl-5- or -6-keto-1 ,4-dioxane (No. 1486) as a 16.7% 
emulsion in gum arabic for 90 days. The gum mixture was added to the diet at a 
concentration of 51 mg/kg for the first 4 weeks, 85 mg/kg for weeks 5-10 and 
102 mg/kg for weeks 11-13. The doses provided by these concentrations in males 
and females, respectively, were: 6.59 and 7.35 mg/kg bw per day of 2-butyl-5- or -6-
keto-1 ,4-dioxane, 6.65 and 7.33 mg/kg bw per day of 2-amyl-5- or -6-keto-1 ,4-dioxane 
or 5.96 and 6. 76 mg/kg bw per day of 2-hexyl-5- or -6-keto-1 ,4-dioxane. Concurrent 
control groups (10-14 rats of each sex) were maintained on a basal diet. Body 
weights and food consumption were recorded weekly. Haematological examinations 
(haemoglobin concentration, erythrocyte count, erythrocyte volume fraction and total 
and differential leucocyte counts) and blood urea determinations were performed 
on 50% of the rats at week 7 and on all rats at week 13. At termination, the livers and 
kidneys were weighed, and gross and histological examinations were conducted on 
major organs. Liver, spleen, pancreas, stomach, large and small intestines, 
epididymis and testicles or ovaries and uterus, kidneys, bladder, heart, lungs, thyroid, 
adrenal glands, pituitary gland, submaxillary gland, sterna! marrow, spinal cord and 
brain were examined microscopically (Posternak, 1969a,b,c). 

In the study with 2-butyl-5- or -6-keto-1 ,4-dioxane (No. 1484), no significant 
differences were found in body weights between treated and control animals. There 
was no significant difference in absolute liver weights between the two groups, but 
a significant increase in relative liver weight was reported in treated males and 
females. Histopathological examination revealed no evidence of alteration in any 
organ or tissue (Posternak, 1969a). 

In the study with 2-amyl-5- or -6-keto-1 ,4-dioxane (No. 1485), slight, transient 
increases in haemoglobin concentration in males and in blood urea in females were 
reported in week 7 but not at the end of the study. A slight decrease in blood urea in 
males at week 13 was also reported. Body weights were similar in the two groups. 
Absolute liver weights were similar in treated and control groups, but an increased 
relative liver weight was reported in treated males. Histopathological examination 
revealed no evidence of alteration in any organ or tissue (Posternak, 1969b). 

In the study with 2-hexyl-5- or -6-keto-1 ,4-dioxane (No. 1486), increased 
mean corpuscular haemoglobin was reported in animals of each sex at week 7 and 
in females also at week 13. In addition, haemoglobin concentrations were increased 
in treated females at week 7 only. A slight decrease (12.4%) in body weights occurred 
in treated males in comparison with control males. Absolute kidney and liver weights 
did not differ significantly between test and control animals; however, mainly because 
of depressed body weights in males, the relative kidney:body weight ratio was 
increased in treated males. Histopathological examination of the kidneys revealed 
pathological lesions in all treated males and females, while control animals had no 
such lesions. The lesions were less pronounced in females and were characterized 
by enlargement of the Bowman space and vacuolization of the proximal and distal 
convoluted tubules. There were no changes in any other organ or tissue examined 
(Posternak, 1969c). 
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The effects on relative liver and kidney weights and on clinical chemistry and 
haematological parameters after consumption of 2-butyl-5- or -6-keto-1 ,4-dioxane 
(No. 1484), 2-amyl-5- or -6-keto-1 ,4-dioxane (No. 1485) or 2-hexyl-5- or -6-keto-
1 ,4-dioxane (No. 1486) were considered to be minimal when the test values were 
compared with composite rather than individual control groups. The effects were 
therefore deemed not to be toxicologically significant (Posternak et al., 1969). 

(c) Long-term studies of toxicity and carcinogenicity 

The results of long-term studies with maltol-related substances are 
summarized in Table 4. 

Ethyl maltol (No. 1481) 

Rats 

Groups of 25 Charles River weanling albino rats of each sex were maintained 
on diets containing ethyl maltol at levels calculated to provide an average daily 
intake of 50, 1 00 or 200 mg/kg bw per day for 2 years. Body weight and food 
consumption were recorded weekly. Blood and urine samples were collected at 3, 
6, 9, 12, 18 and 24 months. Blood samples were analysed for haemoglobin, 
ery1hrocyte volume fraction, red blood cell count and total and differential white 
blood cell count. Urine samples were analysed for colour, volume, specific gravity, 
pH, blood, albumin and glucose, and the sediment was examined microscopically 
after centrifugation. At the end of the study, all rats were necropsied; organ weights 
were recorded (heart, lungs, liver, kidneys, pancreas, spleen, thymus, mesenteric 
lymph nodes, adrenals, thyroid, brain, hypophysis, uterus and ovaries), and gross 
and microscopic examinations were made of major tissues (brain, cervical spinal 
cord, hypophysis, eye, parotid gland, thyroid and parathyroid, adrenals, thymus, 
heart, lung, sternum, rib, aorta, liver, spleen, pancreas, stomach, small and large 
intestine, mesenteric lymph nodes, reproductive tract, kidneys, urinary bladder, 
skeletal muscle, femoral nerve, femoral bone marrow, skin and mammary gland). 
No difference in general health or behaviour was observed between treated and 
control rats. All rats, including controls, showed a tendency toward albuminuria. 
Measurements of body weight, haematology, clinical chemistry and histopathology 
revealed no significant differences between treated and control animals. Neoplasms 
occurred randomly in test and control animals with no apparent relation between 
the number, location or type of tumour and treatment with ethyl maltol (Gralla et al., 
1969). 

Dogs 

Groups of eight male and eight female beagle dogs were given capsules 
containing ethyl maltol at a dose of 50, 1 00 or 200 mg/kg bw per day for 2 years. 
Body weights were recorded weekly. Haematological examinations (haemoglobin, 
erythrocyte volume fraction and red blood cell count), ophthalmological examinations, 
a renal functiorltest (bromosulfphthalein excretion) and clinical chemistry (blood 
urea nitrogen, alkaline phosphatase, aspartate and alanine aminotransferases, total 
bilirubin and glucose) were conducted at 0, 3, 6, 8, 12, 18 and 24 months. At necropsy, 
major organs (heart, lung, liver, kidneys, pancreas, spleen, thymus, adrenals, thyroid, 
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brain, pituitary, testes, epididymes, seminal vesicles, prostate, uterus and ovary) 
were weighed. Selected tissues (brain, cervical spinal cord, hypophysis, sciatic nerve, 
eye, optic nerve, thyroid and parathyroid, thymus, heart, lung, carinal node, sternum, 
rib, brachial plexus, aorta, liver, spleen, pancreas, adrenal, stomach, small and large 
intestine, mesenteric node, all levels of male and female reproductive tracts, kidneys, 
urinary bladder, femoral bone marrow, skeletal muscle, submaxillary gland, mammary 
gland and tongue) were examined microscopically. Two dogs per group were killed 
after 1 year of treatment and the remaining animals at the end of the study. Four 
dogs (sex not specified) receiving 200 mg/kg per day had slightly elevated serum 
alanine aminotransferase activity; however, all other measures of liver function were 
normal, as was liver morphology. At necropsy, pathological and microscopic 
examination revealed no dose-related effects (Gralla et al., 1969). 

(d) Genotoxicity 

Two representative flavouring agents in this group have been tested for 
genotoxicity. The results are summarized in Table 5. 

In vitro 

M alto I (No. 1480) and ethyl m alto I (No. 1481) were weakly mutagenicity (two
to threefold increases in number of revertants) in Salmonella typhimurium TA 100 at 
concentrations of 1-3 mg/plate either alone or with an exogenous liver-derived 
bioactivation system. Activity against TA98 was not detected (Bjeldanes & Chew, 
1979). Maltol tested at concentrations of 0.1-10.0 mg/plate increased the number 
of revertants in strain TA97 at 1 mg/plate by about twofold. No increase was found 
in the presence of an activation system, or in TA 102 alone or with activation (Fujita 
et al., 1992). In other studies with in S. typhimurium, neither maltol (Hayashi et al., 
1988; Gava et al., 1989) nor ethyl maltol (Wild et al., 1983) was consistently mutagenic 
when tested at concentrations up to 10 000 j..tg/plate alone or in the presence of an 
activation system. 

No evidence of DNA damage was reported when maltol was incubated with 
Escherichia coli strain PQ37 at a concentration of 5 mmol/1 (631 j..tg/ml) for 2 h at 
37 QC (Ohshima et al., 1989). 

Maltol at concentrations ranging from 0.1 to 1.5 j..tmol/ml induced sister 
chromatid exchanges in Chinese hamster ovary cells (Gava et al., 1989) and in 
human lymphocytes (Jannson et al., 1986; Gava et al., 1989). Gava et al. (1989) 
suggested that these results were due to an indirect action of maltol and not to its 
direct reactivity with DNA. 

In vivo 

When groups of 8-week-old male ddY mice were given a single intraperitoneal 
injection of 125, 250 or 500 mg/kg bw of maltol and their bone marrow was sampled 
at 24 h, a dose-dependent increase in the incidence of micronucleated polychromatic 
erythrocytes was observed at the two highest doses (Hayashi et al., 1988). No 
evidence of micronucleus formation was reported when ethyl maltol was administered 
by intraperitoneal injection to groups of 10-14-week-old male and female NMRI 
mice at a concentration of 420, 700 or 980 mg/kg bw with sampling 30 h later or in 



Table 5 .Studies of genotoxicity with maltol and related substances ~ 
r-

No. Agent End-point Test object Dose or concentration Results Reference ~ 
r-
)>, 

In vitro :z: 
1480 Maltol Reverse mutation S. typhimurium TA 1 00 4.44~-tmol/plate• Negativeb.c Kim et al. (1987) 

0 
:xJ 

(560 11g/plate) p:! 
1480 Maltol Reverse mutation S. typhimurium TA98, s 3 mg/plate Positived.e Bjeldanes & Chew (1979) )>, 

TA100 (3000 ~-tg/plate) rtl 
1480 Maltol Reverse mutation S. typhimurium TA92, 1.5-11 ~-tmol/plate• Negative Gava et al. (1989) 0 

(/) 
TA98,TA100,TA104 (189-1387 11g/plate) c:: 

1480 Maltol Reverse mutation S. typhimurium TA 1535, 33-1 0 000 11g/plate Negativeb.t.g Mortelmans et al. (1986) 
ttJ 
(/) 

TA98,TA100,TA1537 ~ 
1480 Maltol Reverse mutation S. typhimurium TA 1535, 33-3333 11g/plate Negativeb.c.g Mortelmans et al. (1986) :z: 

() 
TA98,TA100,TA1537 m 

1480 Maltol Reverse mutation S. typhimuriumTA97, 0.1, 0.5, 1, 5 or Weakly Fujita et al. (1992) 
TA102 10 mg/plate (100, 500, positiveb.dM 

1000, 5000 or 
10 000 11g/plate) 

1480 Maltol DNA damage (SOS E. coliPQ37 5 mmolfla (631 11g/ml) Negative1 Ohshima et al. (1989) 
Chromotest) 

1480 Maltol Sister chromatid Chinese hamster ovary s 1.5 mmol/ml• Positivec.k Gava et al. (1989) 
exchange cells (12.6-189 11g/ml) 

1480 Maltol Sister chromatid Human lymphocy1es s1.0mmol/l" Positive Jansson et al. (1986) 
exchange (126.11~-tg/ml) 

1481 Ethyl maltol Reverse mutation S. typhimurium TA 1535, s 3.6 mg/plate Negativeb.d.1 Wild et al. (1983) 
TA1537, TA1538, TA98, (3600 11g/plate) 
TA100 

1481 Ethyl maltol Reverse mutation S. typhimurium TA98, s 2 mg/plate Positived.e Bjeldanes & Chew (1979) 
TA100 (2000 ~-tg/plate) 

In vivo 
1480 Maltol Micronucleus formation ddY mouse bone marrow 125, 250 or 500 mg/kg Positivem Hayashi et al. ( 1988) 

<0 
t.) 



Table 5 (contd) 

No. Agent End-point Test object 

1480 Maltol Sex-linked recessive Drosophila melanogaster 
lethal mutation 

1480 Maltol Sex-linked recessive Drosophila melanogaster 
lethal mutation 

1480 Maltol Sex-linked recessive Drosophila melanogaster 
lethal mutation 

1481 Ethyl maltol Micronucleus formation NMRI mouse bone 
marrow 

1481 Ethyl maltol Micronucleus formation NMRI mouse bone 
marrow 

1481 Ethyl maltol Sex-linked recessive Drosophila melanogaster 
lethal mutation (Base 
test) 

a Calculated from relative molecular mass of maltol = 126.11 
b Assay performed with pre-incubation method 
' Without metabolic activation 
ct With and without metabolic activation 
e Dose-related mutagenic activity reported only in TA 1 00 
1 With metabolic activation 

Dose or concentration Results Reference 

6000 ppm (6000 llg/ml) Equivocal' Zimmering et al. (1989) 

10 000 ppm Negativem Mason et al. (1992) 
( 1 0 000 llg/ml) 
10 000 ppm Negative' Mason et al. (1992) 
(1 0 000 llg/ml) 
420, 700 or 980 mg/kg Negativem Wild et al. (1983) 

980 mg/kg Negativem.o Wild et al. (1983) 

14 or 50 mmoi/IP Negative' Wild et al. (1983) 
(1962 or 7007 mg) 

g Dose-dependent increase in number of revertants observed, but the number of revertants was less than twofold higher than that in negative 
controls. 

h Weak mutagenicity reported in TA97 only without metabolic activation 
' Maltol was nitrosated (incubated for 60 min at 37 9C with 25 mmol/1 sodium nitrite) before the SOS Chromotest was performed. 
1 Cytotoxicity observed at highest dose 
" Weak mutagenicity in TA 100 at concentrations > 1000 llg/plate, but significant increases not reproducible 
' Cytoxocoty observed at highest dose 
m Administered by intraperitoneal injection 
n Administered orally 
o Modified test with expression times of 24, 48 and 72 h after treatment 
P Calculated from relative molecular mass of ethyl maltol = 140.14 

(J) ,., 
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a modified test with sampling 24, 48 or 72 h after treatment with 980 mg/kg bw (Wild 
et al., 1983). 

Equivocal results were obtained for induction of sex-linked recessive lethal 
mutations in Drosophila melanogaster larvae fed a concentration of 6000 mg/kg 
(Zimmering et al., 1989). On the basis of new data and a re-examination of the 
criteria used to determine mutagenicity in the published data, Mason et al. (1992) 
reported that maltol did not induce sex-linked recessive lethal mutations in Drosophila 
at concentrations up to 1 0 000 mg/kg. Ethyl m alto I did not induce sex-linked recessive 
lethal mutations when fed to D. melanogaster larvae at concentrations of 
14-50 mmol/1 (Wild et al., 1983). 

Conclusion 

Equivocal or weakly positive results were obtained with maltol and ethyl maltol 
in some tests for genotoxicity in vitro, and positive or Aquivocal results were found in 
vivo with m alto I but not with ethyl m alto I. The mechanism of the effects is not known, 
but there is a structural similarity between maltol, ascorbic acid and 4-hydroxy-3-
(2H)furanones (see Figure 2), which also contain an oxidizable enol functionality. In 
the presence of metals (e.g. Fe3+) and dissolved oxygen, the enolic OH of ascorbate 
is oxidized by single-electron transfer to yield the corresponding carbon-centred 
radical and a reduced metal ion (e.g. Fe2+). The carbon-centred radical can couple 
to molecular oxygen to produce a peroxyl radical, which might damage DNA. 
Alternatively, the reduced metal ion could autoxidize to form superoxide radical anion. 
Superoxide radical would then dismutate into hydrogen peroxide (H 20 2). lt is well 
recognized that reduced metals react with H20 2 to form the hydroxyl radical, which 
is a powerful oxidizing agent that might cause DNA strand breaks (see Figure 3). 

Figure 2. a-Hydroxyenol derivatives 
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Figure 3. Mechanism of oxidation of a-hydroxyeno/ derivatives in vitro 
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Hydrogen peroxide also oxidizes glutathione, leading to decreased GSH:GSSG and 
increased cellular oxidative stress. 

Ascorbic acid is genotoxic in test systems similar to those in which maltol 
gave positive results. lt induces reverse mutations in S. typhimurium strains TA 104, 
TA 1 02, TA 1 00 and TA98 at concentrations of 352-1761 j.!g/plate (lchinotsubo et al., 
1981; D'Agostini et al., 2000). Increased levels of micronuclei were observed when 
ascorbic acid (400, 500 or 600 j.!g/ml) was incubated with Chinese hamster cells 
(Miller et al., 1995), and increased sister chromatid exchange was observed in 
Chinese hamster ovary cells in the presence of 500 j.!g/ml of ascorbic acid without 
metabolic activation (Tennant et al., 1987). In a standard assay for micronucleus 
formation in mouse bone marrow, 1500 mg/kg bw ascorbic acid induced a significant 
increase in 86C3F1 mice (Shelby et al., 1993). The structural similarity of maltol to 
ascorbate suggests that a similar mechanism might be responsible for its 
mutagenicity, although this has not been tested experimentally. 

In animals, absorbed maltol is rapidly conjugated with glucuronic acid and 
sulfate in the liver (see section 1.3). Only minute amounts of free maltol and ethyl 
maltol are detected in the urine of rats or dogs given high doses; most of an 
administered dose of maltol or ethyl maltol is rapidly excreted as glucuronic acid 
and sulfate conjugates in urine. Therefore, despite the structural similarity of maltol 
and ascorbate, it seems unlikely that the mutagenic activity of maltol would be 
expressed under the conditions of oral human intake. 

(e) Other relevant studies 

Malta! (No. 1480) 

A three-generation study of reproductive toxicity was conducted, in which 
groups of 20 male and 20 female rats were given diets containing maltol at 
concentrations resulting in 1 00, 200 or 400 mg/kg bw per day. On day 134, animals 
of the F1 generation showed signs of sialodacryodenitis due to a contagious virus. 
No deaths occurred, and the signs diminished within 10 days. Maltol had no effect 
on copulation rate, mating viability index, lactation, offspring sex ratio or 21-day pup 
survival index. Discrepancies in F1 growth rates appeared to be related to the 
sialodacryodenitis outbreak in the colony. No maltol-related abnormalities or lesions 
were reported in pups. F1 pups were weaned and then maintained on the same 
maltol-containing diets, and F1 rats were mated on days 189 and 245 to provide the 
F2a and F2b generations. On day 418, all animals showed signs of sialodacryodenitis. 
No deaths occurred, and the signs diminished within 10 days. Pup survival was 
comparable to that of controls. The results of ophthalmic examinations performed 
during months 12, 18 and 24 were unremarkable. At autopsy, haematological 
comparisons of test and control animals revealed significant increases inK+, Cl-, 
urea and bilirubin concentrations in males and females at the highest dose. Increased 
urea and K+ were found in males at the intermediate dose. No compound-related 
lesions were found in organs or tissues of the F2a and F2b generations. There was 
no indication that maltol affected tumour incidence (Annex 1, reference 57). 

In a study conducted to develop a long-term animal model of the toxicity of 
aluminium administered intravenously, groups of 15-16 young adult New Zealand 
white male rabbits were given 0.075 mmol aluminium maltol or 0.675 mmol maltol 
(85 mg or approximately 21.3 mg/kg bw) three times per week for 8-30 weeks. A 
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concurrent control group of 15 animals was maintained. The rabbits were fed standard 
rabbit chow and had access to food and water ad libitum. All animals were weighed 
weekly and observed daily for changes in general appearance, food and water 
consumption and urine and faecal production. The rabbits were also monitored for 
signs of weakness or loss of neurological function. A statistically insignificant weight 
gain was reported in the maltol-treated animals. No treatment-related changes in 
blood chemistry, histology or neurological function were reported in the maltol-treated 
animals during the study (Berthole et al., 1989). 

Ethyl maltol (No. 1481) 

Groups of 25 Charles River wean ling albino rats of each sex were maintained 
on a diet containing ethyl maltol at levels calculated to result in an average daily 
intake of 50, 1 00 or 200 mg/kg bw for 2 years. Ten pairs of rats at each dose were 
mated between weeks 15-21 and weeks 3Q-36. The offspring were killed at weaning. 
In the parental group, five of each sex were killed after 1 year and the remaining five 
of each sex at the end of the study. Gross and microscopic examination of parents 
and offspring indicated no significant effects on fertility, gestation, parturition, lactation 
or fetal development. Treated and control animals observed for 2 years showed no 
differences in general health or behaviour, body weight, haematology, clinical 
chemistry, histopathology results or the incidence of neoplasms (Gralla et al., 1969). 
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1. EVALUATION 

The Committee took note of the extensive evidence for the genotoxicity of 
several members of this group of flavouring agents related to furan, including the 
clastogenicity of 2-furyl methyl ketone (No. 1503) in mouse bone marrow. Furan, 
which is carcinogenic, is known to undergo epoxidation and ring opening to form a 
reactive 2-ene-1 ,4-dicarbonyl intermediate. Accordingly, there is concern that the 
observed genotoxicity might be due to formation of a reactive metabolite. No data 
were available on the potential of members of this group to form reactive metabolites, 
and no role of metabolism has been identified in the observed genotoxicity. Moreover, 
there were few data on genotoxicity in vivo, and specific in-vivo assays to address 
potential carcinogenicity were lacking. 

The Committee concluded that the Procedure could not be applied to this 
group, because of the above concerns. Studies that would assist in resolving the 
concerns include studies on metabolism and assays for DNA reactivity, mutagenicity 
and carcinogenic potential in vivo of members of this group with representative 
structures. 
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102 SUBSTANCES CONTAINING FURAN SUBSTITUTION 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

This monograph summarizes the key data relevant to the safety evaluation 
of 40 flavouring agents (see Table 1 ), comprising aliphatic hydrocarbons, alcohols, 
aldehydes, ketones, carboxylic acids and related esters, sulfides, disulfides and 
ethers containing a furan substitution. The group of flavouring agents comprises: 20 
alkyl-substituted furans (Nos 1487-1496) and furyl ketone derivatives (Nos 1497, 
1499, 1503-1512 and 1514-1517), 13 furyl-subtituted aldehydes (Nos 1497-1499) 
and related carboxylic acid esters (Nos 1513-1516), three furyl-substituted ethers 
(Nos 152Q-1522) and four furyl-substituted compounds: two sulfides (Nos 1523 
and 1525), one disulfide (No. 1524) and a thioester (No. 1526). 

2.2 Intake 

The total annual production volume of the 40 aliphatic hydrocarbons, alcohols, 
aldehydes, ketones, carboxylic acids and related esters, sulfides, disulfides and 
ethers containing furan substitution is approximately 462 kg in Europe (International 
Organization of the Flavor Industry, 1995) and 457 kg in the USA (National Academy 
of Sciences, 1970, 1982, 1987; Lucas et al., 1999). Approximately 83% of the total 
annual volume in Europe and approximately 60% of that in the USA is accounted for 
by two substances in the group, 2-furyl methyl ketone (No. 1503) and isobutyl 3-(2-
furan)propionate (No. 1514). The reported annual volumes of the other substance 
in this group do not exceed 50 kg. Production volumes and intake values for each 
substance are reported in Table 2. 

Although aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic 
acids and related esters, sulfides, disulfides and et hers containing furan substitution 
are commonly found in a variety of roasted, smoked, cooked and fermented foods, 
including cocoa, coffee, tea, beer, rum, roasted meats (beef, chicken, pork), and 
smoked fish, they also occur in a variety of fruits, vegetables, nuts and grains (e.g. 
peaches, berries, calamus, asparagus, cabbage, capsicums, mint, parsley, walnuts, 
hazelnuts and wheaten bread) (Nijssen et al., 2004). As shown in Table 2, 22 of the 
substances in this group have been reported to occur naturally in foods (Nijssen et 
al., 2004). Quantitative data on natural occurrence and consumption ratios have 
been reported for seven substances in the group and show that intake occurs 
predominantly via consumption of traditional foods (i.e. consumption ratio, > 1) 
(Stofberg & Kirschman, 1985; Stofberg & Grundschober, 1987) (see Table 2). 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Hydrolysis 

In general, esters are expected to be hydrolysed by carboxylesterases to 
the corresponding alcohol and the corresponding carboxylic acid (see Figure 1 ), 
and aliphatic esters containing furyl substitution, like other aliphatic esters, undergo 
such hydrolysis. Furoate esters are hydrolysed to 2-furoic acid and the corresponding 
alcohol. Of the carboxylesterases, the most important are the A-esterases, which, 



Table 1. Aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and related esters, sulfides, disu/fides and (/) 
c:: 

ethers containing furan substitution OJ 
(/) 

Comments 
i;! 

Flavouring agent No. CAS no. and Step ss• Step 84 Conclusion based ~ 

structure Does intake exceed Adequate NOEL for on current intake 
() 
Ill 

the threshold for substance or related (/) 

human intake? substance? 
() 
0 
~ 

Structural class 11 i;! 
~ 

2-Methylfuran 1487 534-22-5 No Yes. The NOEL of 25.6 mg/kg See notes 1 and 2 No safety concern ~ 
G) 

Europe: 0.2 bw per day for the related ~ 0 USA: 0.3 substance 2-pentylfuran 
~ u (Shellenberger, 1971 a,b) 
~ 

is 5 120 000 times the esti- (/) 

mated daily intake of 2-methyl- c:: 
OJ 

furan when used as a (/) 

flavouring agent. :::! 
~ 

2,5-Dimethylfuran 1488 625-86-5 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern :::! 
0 

Europe: 0.01 bw per day for the related sub- ~ 

})-- USA: 0.02 stance 2-pentylfuran (Shellen-
berger, 1971a,b) is 5 120 000 
times the estimated daily intake 
of 2,5-dimethylfuran when 
used as a flavouring agent. 

2-Ethylfuran 1489 3208-16-0 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern 

p Europe: 0.07 bw per day for the related sub-
USA: 0.5 stance 2-pentylfuran (Shellen-

berger, 1971a,b) is 5 120 000 
times the estimated daily intake 
of 2-ethylfuran when used as ... 
a flavouring agent. 

0 
w 



Table 1 (contd) 
...... 
0 

"" 
Flavouring agent No. CAS no. and Step 83• Step 84 Comments Conclusion based 

structure Does intake exceed Adequate NOEL for on current intake 
the threshold for substance or related 
human intake? substance? 

2-8utylfuran 1490 4466-24-4 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern 

~ 
Europe: 0.3 bw per day for the related sub-
USA: 0.4 stance 2-pentylfuran (Shellen-

berger, 1971 a,b) is 5 120 000 
times the estimated daily intake 
of 2-buthylfuran when used as 
a flavouring agent. (/) 

§ 
2-Pentylfuran 1491 3777-69-3 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern (/) 

Europe: 0.2 bw per day (Shellenberger, ~ 

~ 
;;:: 

USA: 0.03 1971 a,b) is > 6 400 000 times (') 

the estimated daily intake of m 0 
2-pentylfuran when used as a (') 

flavouring agent. 0 
;;:: 
~ 

2-Heptylfuran 1492 3777-71-7 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern ~ Europe: 0.01 bw per day for the related sub-
USA: 0.9 stance 2-pentylfuran (Shellen-

C) 

~ berger, 1971a,b) is> 1 280 000 ~ 
times the estimated daily intake ~ 
of 2-heptylfuran when used as ;;:: 

(/) 
a flavouring agent. c:: 

~ 
::::! 
~ 
::::! 
0 ;;:: 



Table 1 (contd) (/) 

§ 
Flavouring agent No. CAS no. and Step ss· Step 84 Comments Conclusion based 

(/) 

~ structure Does intake exceed Adequate NOEL for on current intake <: 
the threshold for substance or related a human intake? substance? 

C') 

2-Decylfuran 1493 83469-85-6 No Yes. The NOEL of 25.6 mg/kg See note 2 No safety concern 
0 
<: 

Europe: 0.001 bw per day for the related sub- ~ 
USA: 0.002 stance 2-pentylfuran (Shellen- ~ 

berger, 1971a,b} is ~ 
Ci) 

07~ > 853 333 300 times the esti-
~ mated daily intake of 2-decylfuran 
~ when used as a flavouring agent. 
<: 

3-Methyl-2-(3-methyl- 1494 15186-51-3 No Yes. The NOEL of 45 mg/kg bw See note 2 No safety concern 
(/) 
c: 

but-2-enyl) furan Europe: 0.1 per day for the related substance OJ 
(/) 

USA: 0.2 3-(2-furyl)acrolein (Lough et al., ::::! 
1985) is > 15 000 000 times the ~ 
estimated daily intake of 2- ::::! 

0 
methyl-2-(3-methylbut-2-enyl}- <: 
furan when used as a flavouring 
agent. 

3-(2-Furyl)acrolein 1497 623-30-3 No Yes. The NOEL of 45 mg/kg bw See note 4 No safety concern 
Europe: 0.04 per day (Lough et al., 1985) is 

0 USA: 0.4 > 6 428 000 times the estimated 

() 
daily intake of 3-(2-furyl)acrolein 
when used as a flavouring agent. 

~ 

I 

... 
0 
(J1 



Table 1 (contd) 

Flavouring agent 

3-(5-Methyl-2-furyl)
prop-2-enal 

2-Furyl methyl ketone 

2-Acetyl-5-methylfuran 

No. CAS no. and Step 83• Step 84 Comments 
structure Does intake exceed Adequate NOEL for 

the threshold for substance or related 
human intake? 

1499 5555-90-8 No 
Europe: 0.001 

H(J)-r USA: 0.002 

·~ I~ 
0 

1503 1192-62-7 No 
Europe: 54 

~0 
USA: 13 

1504 1193-79-9 No 
Europe: 0.4 

lK USA: 0.1 

;/ 

substance? 

Yes. The NOEL of 45 mg/kg bw See note 4 
per day for the related substance 
3-(2-furyl)acrolein (Lough et al., 
1985) is > 1 500 00 000 times the 
estimated daily intake of 3-(5-
methyl-2-furyl)prop-2-enal when 
used as a flavouring agent. 

Yes. The NOEL of 25 mg/kg bw See note 3 
per day (Lough et al., 1985) is 
> 27 770 times the estimated 
daily intake of 2-furyl methyl 
ketone when used as a flavouring 
agent. 

Yes. The NOEL of 10 mg/kg bw See note 3 
per day for the related substance 
3-acetyl-2.5-dimethylfuran (Van 
Miller & Weaver, 1987) is 
> 1 428 000 times the estimated 
daily intake of 2-acetyl-5-methyl
furan when used as a flavouring 
agent. 

Conclusion based 
on current intake 

No safety concern 

No safety concern 

No safety concern 

... 
0 en 



Table 1 (contd) C/) 
c:: 
OJ 

Flavouring agent No. CAS no. and Step B3• Step 84 Comments Conclusion based 
C/) 

i.! 
structure Does intake exceed Adequate NOEL for on current intake :c: 

the threshold for substance or related (") 

human intake? substance? Ul 
(") 
0 

2-Acetyl-3,5-di- 1505 22940-86-9 No Yes. The NOEL of 10 mg/kg bw See note 3 No safety concern :c: 
rnethylfuran 

~ 
Europe: 0.001 per day for the related substance i.! 
USA: 0.002 3-acetyl-2.5-dimethylfuran (Van ~ 

Miller & Weaver, 1987) is :c: 
(;) 

> 333 333 300 times the estima-
~ 0 ted daily intake of 2-acetyl-3,5-
~ dirnethylfuran when used as a :c: 

flavouring agent. C/) 

2-Butyrylfuran 1507 4208-57-5 No Yes. The NOEL of 25 mg/kg bw See note 3 No safety concern 
§ 
C/) 

0 Europe: 0.1 per day for the related substance ::::! 
c:! 

~ 
USA: 0.2 2-furyl methyl ketone (Lough et al., 

::::! 1985) is > 8 333 300 times the 0 
estimated daily intake of 2-butyryl- :c: 
furan when used as a flavouring 
agent. 

(2-Furyl)-2-propanone 1508 6975-60-6 No Yes. The NOEL of 25 mg/kg bw See note 3 No safety concern 

JJ) 
Europe: 0.04 per day for the related substance 
USA: 0.02 2-furyl methyl ketone (Lough et al., 

0 
1985) is > 35 700 000 times the 
estimated daily intake of (2-furyl)-
2-propanone when used as a 
flavouring agent. 

...... 
0 ..... 



Table 1 (contd) 

Flavouring agent 

2-Pentanoylfuran 

No. CAS no. and Step B3• Step 84 Comments 
structure Does intake exceed Adequate NOEL for 

the threshold for substance or related 
human intake? substance? 

1509 3194-17-0 No Yes. The NOEL of 25 mg/kg bw See note 3 
Europe: 0.07 
USA: 0.09 

per day for the related substance 
2-furyl methyl ketone (Lough et al., 
1985) is 25 000 000 times the 
estimated daily intake of 2-penta-
noylfuran when used as a flavouring 
agent. 

1-(2-Furyl)butan-3-one 1510 699-17-2 No 
Europe: 3 
USA: 3 

Yes. The NOEL of 25 mg/kg bw See note 3 

4-(2-Furyl)-3-buten-
2-one 

0 

~ 
1511 623-15-4 

~ 0 

No 
Europe: 2 
USA: 1 

per day for the related substance 
2-furyl methyl ketone (Lough et al., 
1985) is 500 000 times the estima-
ted daily intake of 1-(2-furyl)butan-
3-one when used as a flavouring 
agent. 

Yes. The NOEL of 30 mg/kg bw See note 3 
per day (Gill & Van Miller, 1987) 
is > 1 000 000 times the estima-
ted daily intake of 4-(2-furyl)-3-
buten-2-one when used as a 
flavouring agent. 

Conclusion based 
on current intake 

No safety concern 

No safety concern 

No safety concern 

.... 
0 
CX> 



Table 1 (contd) 

Flavouring agent No. CAS no. and Step 83' 
structure Does intake exceed 

the threshold for 
human intake? 

Ethyl 3-(2-furyl)- 1513 10031-90-0 No 
propanoate Europe: 0.01 

0 USA: 0.07 

r~ 
Isobutyl 3-(2-furan)- 1514 105-01-1 No 

pmp;o""' ~~o->- Europe: 0.1 
USA: 24 

0 

lsoamyl 3-(2-furan)- 1515 7779-67-1 No 
propionate 

0-\_-~t__r\ 
Europe: NR 
USA: 0.09 

0 

Step 84 
Adequate NOEL for 
substance or related 
substance? 

Yes. The NOEL of 875 mg/kg bw 
per day for the related substance 
isobutyl 3-(2-furan)propionate 
(Lough et al., 1985) is 
> 875 000 000 times the estima-
ted daily intake of ethyl 3-(2-furyl)-
propanoate when used as a 
flavouring agent. 

Yes. The NOEL of 875 mg/kg bw 
per day (Lough et al., 1985) is 
> 2 187 500 times the estimated 
daily intake of isobutyl 3-(2-furan)-
propionate when used as a 
flavouring agent. 

Yes. The NOEL of 875 mg/kg bw 
per day for the related substance 
isobutyl 3-(2-furan)propionate 
(Lough et al., 1985) is 437 500 000 
times the estimated daily intake of 
isoamyl 3-(2-furan)propionate 
when used as a flavouring agent. 

Comments Conclusion based 
on current intake 

See note 5 No safety concern 

See note 5 No safety concern 

See note 5 No safety concern 

(/) 

§ 
(/) 

~ 
<: 

a 
() 
0 
<: 
~ 

~ 
C) 

~ 
<: 
(/) 
c: 
OJ 
(/) 

:::! 
~ 
:::! 
0 
<: 

_.. 
0 
(0 



Table 1 (contd) .... .... 
0 

Flavouring agent No. CAS no. and Step 83' Step 84 Comments Conclusion based 
structure Does intake exceed Adequate NOEL for on current intake 

the threshold for substance or related 
human intake? substance? 

lsoamyl 4-(2-furan)- 1516 7779-66-0 No Yes. The NOEL of 875 mg/kg bw See note 5 No safety concern 

butyrate~ 0 Europe: NR per day for the related substance 
USA: 0.09 isobutyl 3-(2-furan)propionate 

~ (Lough et al., 1985) is 437 500 000 
times the estimated daily intake 

' 

0 of isoamyl 4-(2-furan)butyrate 
when used as a flavouring agent. Cl) 

§ 
Phenethyl 2-furoate 1517 7149-32-8 No Yes. The NOEL of 50 mg/kg bw See note 5 No safety concern Cl) 

Europe: NR per day for the related substance ~ 

~ 
:c: USA: 0.2 furfural (National Toxicology (') 

Program, 1990) is 16 666 600 m 
times the estimated daily intake (') ou of phenethyl 2-furoate when 0 :c: 
used as a flavouring agent. ~ 

Furfuryl methyl ether 1520 13679-46-4 No Yes. The NOEL of 27 mg/kg bw See note 6 No safety concern ~ 
Europe: NR per day (Van Miller & Weaver, C) 

USA: 0.09 1987) is 27 000 000 times the ~ oR estimated daily intake of furfuryl ~ 
methyl ether when used as a :c: / 0 Cl) flavouring agent. § 

Cl) 

::::! 
~ 
::::! 
0 :c: 



Table 1 (contd) (/) 

§ 
Flavouring agent No. CAS no. and Step 83' Step 84 Comments Conclusion based 

(/) 

i;! 
structure Does intake exceed Adequate NOEL for on current intake <: 

the threshold for substance or related a human intake? substance? 
(") 
0 

Ethyl furfuryl ether 1521 6270-56-0 No Yes. The NOEL of 27 mg/kg bw See note 6 No safety concern <: 
Europe: 0.001 per day for the related substance i;! 

0 USA: 0.002 furfuryl methyl ether (Van Miller SE 

~~ SE & Weaver, 1987) is 900 000 000 C) 
times the estimated daily intake ~ of ethyl furfuryl ether when used 

~ as a flavouring agent. <: 
(/) 

Difurfuryl ether 1522 4437-22-3 No Yes. The NOEL of 27 mg/kg bw See note 6 No safety concern c:: 
Ol 

Europe: NR per day for the related substance (/) 

~JO 
USA: 0.09 furfuryl methyl ether (Van Miller :::! 

& Weaver, 1987) is 13 500 000 ~ 
o '-o :::! times the estimated daily intake 0 

of difurfuryl ether when used as <: 
a flavouring agent. 

2,5-Dimethyl-3- 1523 55764-22-2 No Yes. The NOEL of 0. 73 mg/kg bw See note 7 No safety concern 
fu ranthiol acetate Europe: 4 per day for the related substance 

Y)O-
USA: 4 2,5-dimethyl-3-furan thioiso-

valerate (Morgareidge & Oser, 

0 0 197 4) is > 10 400 times the esti-
mated daily intake of 2,5-dimethyl-
3-furanthiol acetate when used 
as a flavouring agent. 

... ... 



Table 1 (contd) 

Flavouring agent No. CAS no. and 
structure 

Furfuryl 2-methyl- 1524 1 09537-55-5 

3-furyl disulfide L "' 
o::J s'S~ 

3-[(2-Methyl-3-furyl)
thio ]-2-butanone 

O,Ethyl S-(2-furyl
methyl)thiocarbonate 

1525 61295-44-1 

1526 376595-42-5 

~ 
o s~ O=J 0 

Step B3a 
Does intake exceed 
the threshold for 
human intake? 

No 
Europe: NR 
USA: 0.2 

No 
Europe: 0.01 
USA: 0.02 

No 
Europe: 0.7 
USA: 0.9 

Step 84 
Adequate NOEL for 
substance or related 
substance? 

Comments 

Yes. The NOEL of 5 mg/kg bw per See note 8 
day for the related substance 
2-methyl-3-furanthiol (Oser, 1970) 
is 1 666 600 times the estimated 
daily intake of furfuryl 2-methyl-3-
furyl disulfide when used as a 
flavouring agent. 

Yes. The NOEL of 5 mg/kg bw See note 7 
per day for the related substance 
2-methyl-3-furanthiol (Oser, 1970) 
is > 16 666 600 times the estima-
ted daily intake of 3-[(2-methyl-3-
furyl)thio]-2-butanone when used 
as a flavouring agent. 

Yes. The NOEL of 8 mg/kg bw See note 7 
per day (van Otterdijk & Frieling, 
2001) is > 533 300 times the 
estimated daily intake of 0-ethyl 
S-(2-furylmethyl)thiocarbonate 
when used as a flavouring agent. 

Conclusion based 
on current intake 

No safety concern 

No safety concern 

No safety concern 



Table 1 (contd) 

Flavouring agent No. CAS no. and Step 83• 
structure Does intake exceed 

the threshold for 
human intake? 

Structural class Ill 

2,3-Dimethylbenzo- 1495 3782-00-1 No 
fur an 00- Europe: 0.6 

USA: 0.01 

0 

2,4-Difurfurylfuran 1496 64280-32-6 No 
Europe: 0.001 

~ 
USA: 0.002 

0 

2-Methyl-3(2-furyl)- 1498 874-66-8 No 
acrolein Europe: 0.3 

0 H 

LQ 
USA: 6 

Step 84 
Adequate NOEL for 
substance or related 
substance? 

Yes. The NOEL of 0.6 mg/kg bw 
per day (Long, 1997a) is 60 000 
times the estimated daily intake 
of 2,3-dimethylbenzofuran when 
used as a flavouring agent. 

Yes. The NOEL of 0.6 mg/kg bw 
per day for the related substance 
2,3-dimethylbenzofuran (Long, 
1997a) is> 20 000 000 times the 
estimated daily intake of 2.4-
difurfurylfuran when used as a 
flavouring agent. 

Yes. The NOEL of 45 mg/kg bw 
per day for the related substance 
3-(2-furyl)acrolein (Lough et al., 
1985) is > 450 000 times the 
estimated daily intake of 2-methyl-
3(2-furyl)acrolein when used as 
a flavouring agent. 

Comments Conclusion based 
on current intake 

See note 2 No safety concern 

See note 2 No safety concern 

See note 4 No safety concern 

fJ) 

§ 
fJ) 

~ 
:c: 
() 

m 
() 
0 
:c: 
~ 
~ :c: 
!;) 

;g 
~ 
:c: 
fJ) 
c:: 
Ill 
fJ) 

:::! 
~ 
:::! 
0 
:c: 

.... .... 
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Table 1 (contd) ..... 
~ 

Flavouring agent No. CAS no. and Step B3a Step 84 Comments Conclusion based 
structure Does intake exceed Adequate NOEL for on current intake 

the threshold for substance or related 
human intake? substance? 

3-(5-Methyl-2-furyl)- 1500 31704-80-0 No Yes. The NOEL of 45 mg/kg bw See note 4 No safety concern 
butanal ~ E"COP" 0.001 per day for the related substance 

H USA: 0.5 3-(2-furyl)acrolein (Lough et al., 

0 1985) is > 5 000 000 times the 
estimated daily intake of 3-(5-

0 methyl-2-furyl)butanal when 
used as a flavouring agent. (/) 

§ 
2-Furfurylidene- 1501 770-27-4 No Yes. The NOEL of 45 mg/kg bw See note 4 No safety concern (/) 

butyraldehyde 0 Europe: NR per day for the related substance i;! 
<: 

rZD 
USA: 0.007 3-(2-furyl)acrolein (Lough et al., 0 

1985) is 450 000 000 times the m 
estimated daily intake of 2-fur- 0 
furylidene-butyraldehyde when 0 

<: 
0 used as a flavouring agent. i;! 

2-Phenyl-3-(2-furyl)- 1502 65545-81-5 No Yes. The NOEL of 45 mg/kg bw See note 4 No safety concern ~ 
prop-2-enal Europe: NR per day for the related substance 

C) ., 
USA: 0.007 3-(2-furyl)acrolein (Lough et al., c:: 

1985) is 450 000 000 times the ~ 
estimated daily intake of 2- <: 
phenyl-3-(2-furyl)prop-2-enal 

(/) 
c:: 

when used as a flavouring agent. OJ 
(/) 

:::l 
(:! 
:::l 
0 
<: 



Table 1 (contd) (/) 
c:: 
OJ 

Flavouring agent No. CAS no. and Step B3a Step 84 Comments Conclusion based 
(/) 

~ 
structure Does intake exceed Adequate NOEL for on current intake :z: 

the threshold for substance or related (") 

human intake? substance? Ul 
(") 
0 

3-Acetyl-2,5- 1506 10599-70-9 No Yes. The NOEL of 10 mg/kg bw See note 3 No safety concern :z: 
dimethylfuran 

~ 
Europe: NR per day (Van Miller & Weaver, ~ 
USA:2 1987) is > 333 300 times the ~ 

estimated daily intake of 3- :z: 
C) 

acetyl-2,5-dimethylfuran when ., 
used as a flavouring agent. c:: 

~ 
Pentyl 2-furyl ketone 1512 14360-50-0 No Yes. The NOEL of 25 mg/kg bw See note 3 No safety concern 

:z: 
(/) 

~ 
Europe: NR per day for the related substance § 
USA: 0.9 2-furyl methyl ketone (Lough et al., (/) 

1985) is 1 250 000 times the ::! 
estimated daily intake of pentyl <:! 

::! 2-furyl ketone when used as a 0 
flavouring agent. :z: 

Propyl 2-furanacrylate 1518 623-22-3 No Yes. The NOEL of 45 mg/kg bw See note 5 No safety concern 

0 
Europe: NR per day for the related substance 
USA: 1 3-(2-furyl)acrolein (Lough et al., rJJ 1985) is 2 250 000 times the 

estimated daily intake of propyl 
2-furanacrylate when used as 

~0 
a flavouring agent. 

... 
tn 



Table 1 (contd} 

Flavouring agent No. CAS no. and Step 83• Step 84 
structure Does intake exceed Adequate NOEL for 

2,5-Dimethyl-3-oxo- 1519 114099-96-6 

(2H}-fur-4-yl butyrate . ~ 
0 .-() 

~ J 
0 \ 

0 

the threshold for substance or related 
human intake? 

No 
Europe: NR 
USA: 4 

substance? 

Yes. The NOEL of 200 mg/kg bw 
per day for the related substance 
2,5-dimethyl-4-hydroxyi-3-(2H)
furanone (Kelly & 8olte, 2003) is 
> 2 857 100 times the estimated 
daily intake of 2,5-dimethyl-3-oxo
(2H}-fur-4-yl butyrate when used 
as a flavouring agent. 

CAS, Chemical Abstracts Service; NR, no data on intake reported 
Step 2: None of the agents in this group can be predicted to be metabolized to innocuous products. 

Comments 

See note 5 

Conclusion based 
on current intake 

No safety concern 

• The thresholds for human intake for structural classes 11 and Ill are 540 and 90 J.!g/day, respectively. All intake values are expressed in j.!g/day. The 
combined per capita intake of flavouring agents in structural class 11 is 65 j.!g/day in Europe and 50 j.!g/day in the USA. The combined per capita 
intake of flavouring agents in structural class Ill is 0.9 j.!g/day in Europe and 14 j.!g/day in the USA. 

Notes: 
1.Methylfuran can undergo oxidative ring opening to form acetylacrolein, which forms glutathione conjugates that are eliminated in the urine. 
2.Aikyl-substituted furans are oxidized, conjugated with glucuronic acid and eliminated in the urine. 
3.Carbonyl-substituted furans are expected to be reduced to the corresponding alcohols, conjugated and eliminated in the urine. 
4. Furylpropanal and furylpropenal derivatives are expected to be oxidized to furylpropanoic acid and furylpropenoic acid derivatives, which are 

subsequently expected to form glycine conjugates and be eliminated in the urine. 
5. Esters are expected to undergo hydrolysis to yield furylpropanoic acid and furylpropenoic acid derivatives, which are expected to form conjugates 

that are eliminated in the urine. 
6.Ethers are anticipated to undergo hydrolysis and oxidation rapidly to furoic acid, which subsequently forms glycine 

_. _. 
a> 
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Table 2. Annual volumes of production of aliphatic hydrocarbons, alcohols, 
aldehydes, ketones, carboxylic acids and related esters, sulfides, disulfides and 
ethers containing furan substitution used or proposed for use as flavouring 
agents in Europe and the USA 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day jlg/kg bw foods (kg)c 
volume (kg) per day 

2-Methylfuran (No. 1487) 
Europe• 1.7 0.2 0.004 
USA" 1.7 0.3 0.005 + NA 

2,5-Dimethylfuran (No. 1488) 
Europe• 0.1 0.01 0.0002 
USA• 0.1 0.02 0.0003 + NA 

2-Ethylfuran (No. 1489) 
Europe 0.5 0.07 0.001 
USA 4 0.5 0.009 883 221 

2-Butylfuran (No. 1490) 
Europe• 2 0.3 0.005 
USA" 2 0.4 0.006 + NA 

2-Pentylfuran (No. 1491) 
Europe 1.5 0.2 0.004 
USA 0.2 0.03 0.0004 1370 6850 

2-Heptylfuran (No. 1492) 
Europe 0.1 0.01 0.0002 
USA" 5 0.9 0.02 12 2 

2-Decylfuran (No. 1493) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 + NA 

3-Methyl·2·(3-methylbut·2·enyl)furan (No. 1494) 
Europe• 1 0.1 0.002 
USA" 1 0.2 0.003 + NA 

2,3-Dimethylbenzofuran (No. 1495) 
Europe 4.3 0.6 0.01 
USA 0.1 0.01 0.0002 NA 

2,4-Difurfurylfuran (No. 1496) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 NA 

3·(2-Furyl)acrolein (No. 1497) 
Europe 0.3 0.04 0.0007 
USA 3 0.4 0.007 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day 11g/kg bw foods (kg)' 
volume (kg) per day 

2-Methyl-3-(2-furyl)acrolein (No. 1498) 
Europe 2 0.3 0.005 
USA 45 6 0.10 NA 

3-(5-Methyl-2-furyl)prop-2-enal (No. 1499) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 + NA 

3-(5-Methyl-2-furyl)-butanal (No. 1500) 
Europe 0.01 0.001 0.00002 
USA 4 0.5 0.009 NA 

2-Furfurylidenebutyraldehyde (No. 1501) 
Europe NR NR NR 
USA 0.05 0.007 0.0001 NA 

2-Phenyl-3-(2-furyl)prop-2-enal (No. 1502) 
Europe NR NR NR 
USA 0.05 0.007 0.0001 NA 

2-Furyl methyl ketone (No. 1503) 
Europe 381 54 0.9 
USA 95 13 0.2 26 876 283 

2-Acetyl-5-methylfuran (No. 1504) 
Europe 3 0.4 0.007 
USA 0.9 0.1 0.002 108 120 

2-Acetyl-3,5-dimethylfuran (No. 1505) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 + NA 

3-Acetyl-2,5-dimethylfuran (No. 1506) 
Europe NR NR NR 
USA 12 2 0.03 NA 

2-Butyrylfuran (No. 1507) 
Europe• 1 0.1 0.002 
USA" 1 0.2 0.003 + NA 

(2-Furyl)-2-propanone (No. 1508) 
Europe 0.3 0.04 0.0007 
USA' 0.09 0.02 0.0003 + NA 

2-Pentanoylfuran (No. 1509) 
Europe• 0.5 0.07 0.001 
USA" 0.5 0.09 0.001 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day 11g/kg bw foods (kg)' 
volume (kg) per day 

1-(2-Furyl)butan-3-one (No. 1510) 
Europe• 18 3 0.04 
USA" 18 3 0.05 + NA 

4-(2-Furyl)-3-buten-2-one (No. 1511) 
Europe 13 2 0.03 
USA 8 1 0.02 + NA 

Pentyl2-furyl ketone (No. 1512) 
Europe NR NR NR 
USA• 5 0.9 0.02 NA 

Ethyl 3-(2-furyl)propanoate (No. 1513) 
Europe 0.1 0.01 0.0002 
USA 0.5 0.07 0.001 + NA 

lsobutyl3-(2-furan)propionate (No. 1514) 
Europe 1 0.1 0.002 
USA 181 24 0.4 NA 

lsoamyl 3-(2-furan)propionate (No. 1515) 
Europe NR NR NR 
USN 0.5 0.09 0.002 NA 

lsoamyl4-(2-furan)butyrate (No. 1516) 
Europe NR NR NR 
USN 0.5 0.09 0.002 NA 

Phenethyl 2-furoate (No. 1517) 
Europe NR NR NR 
USA' 1 0.2 0.003 NA 

Propyl2-furanacrylate (No. 1518) 
Europe NR NR NR 
USA 10 1 0.02 NA 

2,5-Dimethyl-3-oxo-(2/-1)-fur-4-yl butyrate (No. 1519) 
Europe NR NR NR 
USA" 25 4 0.07 NA 

Furiuryl methyl ether (No. 1520) 
Europe NR NR NR 
USA" 0.5 0.09 0.001 3083 6,166 

Ethyl furiuryl ether (No. 1521) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I 
anticipated 
annual 
volume (kg) 

Difurfuryl ether (No. 1522) 
Europe NR 
USA' 0.5 

lntakeb 

11g/day 

NR 
0.09 

2,5-Dimethyl-3-furanthiol acetate (No. 1523) 
Europe• 25 4 
USA" 25 4 

Furfuryl 2-methyl-3-furyl disulfide (No. 1524) 
Europe NR NR 
USA" 1 0.2 

11g/kg bw 
per day 

NR 
0.002 

0.06 
0.07 

NR 
0.003 

3-[(2-Methyl-3-furyl)thio]-2-butanone (No. 1525) 
Europe• 0.1 0.01 0.0002 
USA" 0.1 0.02 0.0003 

0-Ethyl $-(2-furylmethyl)thiocarbonate (No. 1526) 
Europe• 5 0.7 0.01 
USA" 5 0.9 0.01 

Total 
Europe 462 
USA 457 

Annual volume in Consumption 
naturally occurring ratioct 
foods (kg)' 

2008 4,016 

NA 

NA 

NA 

NA 

NA, not available; ND, no intake data reported; + reported to occur naturally in foods 
(Njissen et al., 2004), but no quantitative data;-. not reported to occur naturally in foods 
• From International Organization of the Flavor Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1982, 1987) 
b Intake (11g/person per day) calculated as follows: [(annual volume, kg) x (1 x 109 11g/kg)/ 

(population x survey correction factor x 365 days)]. where population (1 0%, 'eaters only') = 
32 x 106 for Europe and 26 x 106 for the USA; where survey correction factor= 0.6 for 
Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of the 
annual flavour volume, respectively, was reported in poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999; National Academy of 
Sciences, 1982) or in the anticipated annual volume. 
Intake (11g/kg bw per day) calculated as follows: [(11g/person per day)/body weight], where 
body weight= 60 kg. Slight variations may occur from rounding. 

'Quantitative data for the USA reported by Stofberg and Grundschober (1987) 
ct The consumption ratio is calculated as follows: (annual consumption frorn food, kg)/(most 

recent reported volume as a flavouring substance, kg) 
• The volume cited is the 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, 
1987; Lucas et al., 1999), if applicable, revealed no reported use as a flavour agent. 

' Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1982) 
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in mammals, occur in most tissues of the body but predominate in hepatocytes 
(Heymann, 1980). 

Figure 1. General ester hydrolysis 

0 
11 R' 

R~O ..... 

Hydrolysis can occur in the gastrointestinal tract before absorption. A 
concentration of 27 ~-tl/1 isoamyl furylpropanoate (No. 1515) or 40 ~-tl/1 ethyl furyl
propionate (No. 1513) was reported to be completely hydrolysed within 2 h by 
pancreatin (Grundschober, 1977). A report that the glycine conjugate of furoic acid 
(furoylglycine) was the major metabolite in the urine of rats given an oral dose of 
20 mg of furfural diacetate, a structurally related substance, provided evidence that 
the acetal ester of furfural was hydrolysed to acetic acid and furfural, which, in turn, 
was oxidized to furoic acid (Paul et al., 1949). At the same dosage, furfuryl propionate 
(No. 740) was hydrolysed to propionic acid and furfuryl alcohol, which was 
subsequently oxidized to furoic acid, while the methyl ester of 3-furylacrylic acid 
was hydrolysed to methanol and furylacrylic acid, which was subsequently oxidized 
and cleaved to yield furoic acid. lt is anticipated that furfuryl and furcate esters 
would be hydrolysed to the parent alcohol and acid, respectively. The parent alcohol, 
aldehyde, and the acid are expected to participate in common pathways of 
metabolism and excretion. 

Hydrolysis of isoamyl 3-(2-furyl)propionate (No. 1515) was determined in 
the duodenal lumen of male Dunkin-Hartley guinea-pigs. No free ester was detected 
in portal blood samples 2 or 5 m in after injection of 30, 50 or 70 pp m of isoamyl-3-(2-
furyl)propionate in saline into the intestinal lumen. In a study of ester stability in 
vitro, > 98% of isoamyl3-(2-furyl)propionate was hydrolysed within 1 m in of incubation 
of guinea-pig blood at 37 °C, and no free ester was detected after 5 min (Pelling et 
al., 1980). 

The half-lives, as indicated by loss of parent ester by hydrolysis of furfuryl 
acetate (No. 739), furfuryl propionate (No. 740), furfuryl butyrate (No. 759) and fufuryl 
isopentanoate (No. 743) when incubated in artificial pancreatic fluid containing 
pancreatin, were < 0.01, < 0.01, < 0.01 and 5.1 ± 0.4 m in, respectively. When 
50 ~-tmol/1 furfuryl propionate were incubated with 5% rat liver homogenate, the rate 
of hydrolysis was reported to be > 70 nmol/min per mg protein. Furfuryl propionate 
was also readily hydrolysed when incubated with 5% rat blood homogenate, at a 
rate of 49 nmol/min per mg protein. At a single time, rat blood showed more hydrolysis 
of furfuryl propionate than human blood (t112 = 0.0112 ± 0.0034 min, k = 0.0668 ± 
0.0230 nmol/min per mg protein versus t112 = 18.7 ± 1.9 m in, k= 0.0373 ± 0.0038 nmol/ 
min per mg protein, respectively). When furfuryl propionate was incubated with rat 
intestinal mucosa, rapid hydrolysis was observed (t112 = 0.0130 ± 0.0005 m in, k = 
62.04 ± 0.061 nmol/min per mg protein). Rat intestinal homogenate showed more 
hydrolytic activity than the other tissue homogenates used in this study (Buck, 2000). 

Studies in vitro and in vivo thus show that the esters in this group of aliphatic 
hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids, and related esters, 
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sulfides, disulfides and ethers containing furan substitution are hydrolysed to the 
corresponding alcohols and carboxylic acids. 

(b) Absorption, distribution and excretion 

The furyl derivatives in this group are rapidly absorbed, metabolized and 
excreted from animals. Furfuryl alcohol and furfural are rapidly absorbed by rodents 
when administered by common routes, including orally (Nomeir et al., 1992), dermally 
and by inhalation (Castellino et al., 1963; National Institute for Occupational Safety 
and Health, 1979). After administration at doses ranging from 0.1 mg/kg bw to 
200 mg/kg bw, furfuryl alcohol and furfural were absorbed from the gastrointestinal 
tract, metabolized and excreted, primarily in the urine (Rice, 1972; Nomeir et al., 
1992; Parkash & Caldwell, 1994). 

More than 86% of the radiolabel from 0.275, 2.75 or 27.5 mg/kg bw of 14C
furfuryl alcohol or 0.127, 1.15 or 12.5 mg/kg bw of 14C-furfural given to groups of 
four male Fischer 344 rats by gavage in corn oil was rapidly absorbed from the 
gastrointestinal tract, 83-88% of the radio label being excreted in the urine and 2-5% 
in the faeces. Most of the radiolabel was excreted within the first 24 h after dosing. 
About 7% of the dose of 12.5 mg/kg bw of furfural was exhaled as 14C02 . By 72 h 
after administration, residual radioactivity was distributed primarily in the liver and 
kidney, the tissue radiolabel generally being proportional to the dose (Nomeir et al., 
1992). 

More than 90% of a single oral dose of 1, 1 0 or 60 mg/kg bw 14C-furfural 
given to male and female Fischer 344 rats, or 1, 20 or 200 mg/kg bw 14C-furfural 
given to male and female CD-1 mice was recovered within 72 h. The main route of 
elimination was the urine(> 76% in rats and> 61% in mice within 24 h). Elimination 
in faeces (1-6% within 72 hat all doses in rats and mice) and expired C02 (5% in 
male mice at the highest dose and 4% in female mice at the lowest dose after 24 h 
[no other C02 measurements taken]) constituted minor routes of excretion (Parkash 
& Caldwell, 1994). 

A similar pattern of absorption, distribution and excretion was reported for 
alkyl-substituted furfural derivatives. Groups of male Fischer 344 rats and male 
B6C3F1 mice were given 5, 10, 100 or 500 mg/kg bw of 14C-5-hydroxymethyl-2-
furfural intragastrically. In both species, 5-hydroxymethyl-2-furfural-derived 
radioactivity was rapidly cleared from all main tissues, with no evidence of 
accumulation. The tissue concentrations varied with dose in both species at most 
times. Within 48 h, 70-82% of the administered dose had been excreted in the urine 
of rats, while 8-12% was excreted in the faeces. In mice, 61-77% was excreted in 
the urine and 15-26% in the faeces within the same period (Godfrey et al., 1999). 

Alkylfuran derivatives are also rapidly taken up, metabolized and excreted. 
Male Sprague-Dawley rats that received an intraperitoneal injection of 100 mg/kg 
bw of 2-14C-methylfuran in sesame oil had radiolabelled 2-methylfuran metabolites 
in 12-h urine samples. Pre-treatment of the rats with buthionine sulfoximine, an 
inhibitor of y-glutamyl transferase, a key enzyme in glutathione (GSH) synthesis, at 
least 1.5 h before administration of 2-14C-2-methylfuran caused a 20% increase in 
urinary metabolites, indicating a decrease in covalently bound metabolites. These 
results indicate that the urinary metabolites include GSH conjugates. Maximal hepatic 
radioactivity was detected 4 h after administration (Ravindranath & Boyd, 1991 ). 



SUBSTANCES CONTAINING FURAN SUBSTITUTION 123 

In rats, the tissue distribution of radiolabel from 50-200 mg/kg bw of 2-14C
methylfuran over 24 h was greatest in liver > kidney > lung > blood, the maximal 
amount being detected in liver 8 h after administration, followed by a steady decline 
up to 24 h (Ravindranath et al., 1986). 

On the basis of these data and the lipid solubility of the members of this 
group of aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids, 
and related esters, sulfides, disulfides and ethers containing furan substitution, it is 
predicted that they would all be rapidly absorbed, distributed to key organs involved 
in metabolic processes and then eliminated, primarily in the urine. 

(c) Metabolism 

The metabolic options available to this group of furyl-substituted substances 
depend, in large part, on the presence or absence of specific functional groups on 
the aliphatic side-chain. The substances in this group are metabolized to polar 
products, which are mainly conjugated and excreted in the urine (see Figure 2). 

Alky-substituted furan (Nos 1487-1496) and fury/ ketone (Nos 1503-1512) 
derivatives 

Alkyl-substituted furan and benzofuran derivatives undergo cytochrome P450 
(CYP450)-mediated side-chain oxidation to yield an alcohol functional group at the 
position bonded directly to the furan ring. The resulting alcohol can be excreted in 
the urine, primarily as the glucuronic acid or sulfate conjugate, or it can be converted 
to the corresponding ketone, which can also be excreted in the urine. CYP450-
induced side-chain oxidation, preferably at the C1 · position of furan, is similar to 
that observed with other alkyl-substituted heterocyclic derivatives (e.g. pyridine 
derivatives) (Hawksworth & Scheline, 1975; Ruangyuttikarn et al., 1992; Thornton
Manning et al., 1993; Gillam et al., 2000). In addition to side-chain oxidation, the 
furan ring can undergo CYP450-induced oxidation (epoxidation) to yield unstable 
epoxides, the rings of which can open to yield reactive 2-enedial intermediates. 
These types of intermediates have been shown to conjugate readily with GSH, 
depleting free GSH and, subsequently at high levels, forming protein and DNA 
adducts (Ravindranath et al., 1983, 1984; Ravindranath & Boyd, 1985; Ravindranath 
et al., 1986). 

The metabolic fate of a 2-ethylbenzofuran derivative was investigated in 
humans, rats and dogs. Two healthy men were each given an oral dose of 100 mg 
of [3-14 C]benzarone [2-ethylbenzofuran, 3-{4-hydroxybenzoyl)] in two gelatin 
capsules. About 73% of the radioactivity was excreted in the urine over 5 days, 
more than 59% being excreted within the first 24 h. About 19% of the radiolabel was 
excreted in the faeces over 5 days. The principal metabolites included benzarone 
hydroxylated at the C1 · position of the furan ring and a glucuronic acid conjugate, 
either of the C1' hydroxyl or the phenolic hydroxyl group. In dogs and rats, more 
than 80% of a dose of 0.5 or 2 mg/kg bw of [3-14C]benzarone was excreted in the 
faeces during the first 48 h. In rats and dogs, most(> 70%) of the absorbed dose 
was eliminated by direct conjugation of the administered substance, whereas in 
humans > 70% was hydroxylated before conjugation. The authors speculated that 
the benzarone glucuronic acid conjugate was more readily excreted directly into the 
bile of rats and dogs than in humans, thereby minimizing further hydroxylation in the 
liver (Wood et al., 1987). 
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Figure 2. Summary of metabolic options for fury/ derivatives 
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Two healthy male volunteers were given a single oral daily dose of 1 00 mg 
of benzbromarone [(3,5-dibromo-4-hydroxyphenyl) (2-ethyl-3-benzofuranyl) 
methanone] for 8 consecutive days. The main metabolites were formed by C1' 
hydroxylation to yield the corresponding 1 '-hydroxybenzbromarone and by 
hydroxylation of the benzene side-chain to yield 6-hydroxybenzbromarone. The 
corresponding C1' ketone formed by oxidation of the 1'-hydroxy group was also 
identified in the urine. The ratio of C1 · enantiomers of 1 '-hydroxybenzbromarone 
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was 2.12 in the plasma and 7.32 in the urine. These metabolic data support the 
conclusion that alkyl-substituted furan and benzofuran derivatives undergo side
chain oxidation to yield the corresponding alcohol metabolite, which can be excreted 
as the glucuronic acid conjugate or oxidized to the corresponding ketone, followed 
by excretion in the urine (DeVries et al., 1993). 

Unsubstituted and short-chain alkyl-substituted furans were also shown to 
undergo ring epoxidation in the liver by mixed-function oxidases. Epoxy metabolites 
of furans have been reported to undergo ring opening to yield reactive 2-ene-1 ,4-
dicarbonyl intermediates (see example in Figure 2), which can be conjugated with 
GSH and readily eliminated in the urine or, at relatively high concentrations, react 
with proteins and DNA to form adducts. 

Initial experiments with rat microsomal preparations in vitro suggested that 
high concentrations of alkyl-substituted furans are partly metabolized to reactive 
acetylacrolein-type intermediates (Ravindranath et al., 1983, 1984). Acetylacrolein 
is a potent microsomal mixed-function oxidase inhibitor which has been reported to 
bind covalently and irreversibly to the oxidizing enzyme, thus deactivating it 
(Ravindranath & Boyd, 1985). 

Significant protein binding (> 55 nmol/mg protein) was reported when 
1 0 mmol/1 of [2-14C]methylfuran were incubated with rat hepatic microsomes in the 
presence of NADPH and oxygen. In the absence of oxygen or NADPH, little binding 
was observed(< 2 nmol/mg protein). These findings suggest that NADPH-dependent 
oxidation of 2-methylfuran is a prerequisite for protein binding. Increased protein 
binding (> 80 nmol!mg protein) was also reported when Sprague-Dawley rats were 
pre-treated with phenobarbital, a CYP450 inducer, while decreased or no protein 
binding was observed in the presence of piperonyl butoxide or N-octyl imidazole, 
both of which inhibit CYP450. The Vmax and Km for 2-methylfuran metabolism in 
phenobarbital pre-treated rats were 0.81 J.lmol/2 mg microsomal protein per min 
and 0.463 mmol/1, respectively, and those in rats without phenobarbital pre-treatment 
were 0.53 J.lmol/2 mg microsomal protein per min and 1.417 mmol/1, respectively. 
These values suggest that 2-methylfuran undergoes CYP450-mediated oxidation 
to yield a reactive metabolite (i.e. acetylacrolein) which binds covalently to protein 
(Ravindranath & Boyd, 1985). 

In the same study, when 0.25 mmol/1 (24.5 ).lg/ml) acetylacrolein was added 
to the incubation mixture, microsomal metabolism of 2-methylfuran was almost 
completely inhibited (covalent binding was 1.5% of that in the control incubation). At 
a concentration of 0.5 mmol/1 (49.1 ).lg/ml) acetylacrolein, no metabolism of 2-
methylfuran was detected, suggesting that acetylacrolein inhibits CYP450-mediated 
oxidation, probably by direct covalent bonding with the enzyme through free thiol. 
Acrolein has been shown to conjugate directly with free thiols in vitro (Esterbauer et 
al., 1975, 1976). Thus, 2-methylfuran is a suicide substrate for CYP450. Conjugation 
of the reactive metabolite with sulfhydryl trapping agents, including cysteine 
(1 0 mmol/1) or GSH (1 0 mmol/1), resulted in a marked decrease in microsomal protein 
binding, suggesting that sulfhydryl conjugation plays a role in the detoxication of 
acetylacrolein. Cysteine was a better trapping agent for the prevention of microsomal 
protein binding than GSH, semi-carbazide, lysine or N-acetylcysteine. The authors 
postulated that cysteine forms a stable cyclic conjugate with a,~-unsaturated 
aldehydes, while the ability of GSH to form stable conjugates with these compounds 
varies (Esterbauer et al., 1975, 1976; Ravindranath & Boyd, 1985). 
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Other experiments conducted in vitro support the conclusion that CYP450 
oxidation of 2-methylfuran is directly related to its toxicity. Hepatocytes were isolated 
from adult male Wistar rats that had been treated with the CYP450 inducers 
phenobarbital (0.1% in drinking-water for 5 days) or ~-naphthoflavone (80 mg/kg 
bw by intraperitoneal injection daily for 3 days). The cultured hepatocytes were 
incubated with 0, 100, 300, 600 or 1 000 J.tmol/1 (0, 8.2, 24.6, 49.3 and 82.1 J.tg/ml, 
respectively) of 2-methylfuran for 24 h. The median LC50 values for untreated, 
phenobarbital- and ~-naphthoflavone-treated hepatocytes were 794, 34 and 57 J.tmol/1 
(65.2, 2.8 and 4.7 J.tg/ml), respectively, the LC50 values being lower with CYP450 
induction (Hammond & Fry, 1991 ). 

Free GSH levels in the liver, lungs and kidneys of rats 0.5-36 h after 
administration of 1 00 mg/kg bw of 2-methylfuran were initially decreased (67 .5% of 
control in liver and 87% of control in kidneys at 0.5 h) but reached or exceeded 
control levels within 8-24 h (137% of control in kidneys and 130% of control in lungs 
at 12 h). The highest concentration of [2-14C]methylfuran covalently bound to protein 
was detected in liver, followed by kidney, lung and blood. Liver and kidney DNA also 
showed covalent binding of radiolabel, with a twofold increase in binding in the liver 
after phenobarbital pre-treatment. Conversely, pre-treatment with N-octylimidazole 
decreased covalent binding of the radiolabel to proteins and DNA in liver, lung and 
kidney. Increased and decreased protein binding and hepatotoxicity [measured as 
serum alanine aminotransferase (ALT) activity] were observed in rats pre-treated 
with phenobarbital and N-octylimidazole, respectively. Pre-treatment with 3-methyl
cholanthrene or piperonyl butoxide did not affect covalent binding or hepatotoxicity. 
These results provide evidence that bioactivation of 2-methylfuran by a CYP450 
system is a prerequisite for tissue necrosis in rats (Ravindranath et al., 1986). 

In a study of the effects of GSH and cysteine conjugation on the toxic potential 
of 2-methylfuran, male Sprague-Dawley rats were treated with buthionine sulfoximine 
(an inhibitor of y-glutamyl cysteine synthetase, which is a key enzyme in GSH 
synthesis) subcutaneously at a dose of 900 mg/kg bw 1.5 h before intraperitoneal 
administration of 100 mg/kg bw of [2-14C]methylfuran in sesame oil. Marked 
decreases in covalent DNA and protein binding in the liver and reduced hepatotoxicity, 
as indicated by lower serum AL T activity, were observed. Buthionine sulfoximine 
caused a transient increase in plasma cysteine levels, concurrently with a decrease 
in GSH. Administration of 100 mg/kg bw of 2-methylfuran 1.5 h after buthionine 
sulfoximine, however, significantly reduced plasma cysteine levels and increased 
(20%) urinary elimination of 2-methylfuran-labelled metabolites when compared with 
a group receiving [2-14C]methylfuran only. Subcutaneous pre-treatment with 0.4 ml/kg 
bw of diethylmaleate, which depletes liver GSH, increased binding to liver proteins 
and increased hepatotoxicity, as indicated by a higher concentration of serum AL T 
activity than in rats that received only 2-methylfuran. Subcutaneous pre-treatment 
of rats with the GSH synthesis promoter L-2-oxothiazolidine-4-carboxylate at a dose 
of 1 000 mg/kg bw resulted in a marked increase in covalent protein binding in the 
liver and potentiated hepatotoxicity (more ALT activity than in rats that received only 
2-methylfuran). When rats were pre-treated with both buthionine sulfoximine and L-
2-oxothiazolidine-4-carboxylate, covalent protein binding in the liver and hepato
toxicity were markedly increased, as indicated by a reduction in serum AL T activity. 
No unchanged 2-methylfuran was found in urine, indicating that pre-treatment did 
not inhibit metabolic processes (Ravindranath & Boyd, 1991 ). The authors proposed 
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that buthionine sulfoximine pre-treatment indirectly aided the detoxication of 2-
methylfuran by reducing the GSH supply and increasing the availability of cysteine, 
which forms a more stable conjugate with acetylacrolein (Esterbauer et al., 1976; 
Ravindranath & Boyd, 1991 ). 

Groups of 1 0-15 adult male Swiss albino mice were given 200 mg/kg bw of 
2-ethylfuran in sesame oil by intraperitoneal injection with or without pre-treatment 
with phenobarbital, piperonyl butoxide or cobaltous chloride. The mortality rates 
were 1/10, 2/10, 3/15 and 2/11 in the untreated and phenobarbital, piperonyl butoxide 
and cobaltous chloride pre-treated groups, respectively. Ethylfuran caused moderate 
necrosis of the liver and mild-to-moderate necrosis of the kidneys. The kidney 
necrosis was described as a coagulative lesion of the proximal convoluted tubules 
of the outer cortex, without damage to glomerular or medullary cells. Piperonyl 
butoxide and cobaltous chloride decreased the severity of necrosis in the liver and 
kidney (McMurtry & Mitchell, 1977). 

In the same study, mice were given an intraperitoneal injection of 70 mg/kg 
bw of 2-acetylfuran in 0.9% NaCI, with or without pre-treatment with phenobarbital, 
or 80 mg/kg bw of 2-acetylfuran, with or pre-treatment without cobaltous chloride. 
The mortality rates were 1/12 in the group given 70 mg/kg bw 2-acetylfuran, 0/12 in 
those pre-treated with phenobarbital, 0/12 in mice given 80 mg/kg bw 2-acetylfuran 
and 0/12 in those pre-treated with cobaltous chloride. Mice given 2-acetylfuran 
showed no evidence of renal toxicity. Hepatic necrosis, described as midzonal 
centrilobular necrosis of the parenchyma! hepatocytes, was markedly decreased in 
incidence and severity after pre-treatment with cobaltous chloride (McMurtry & 
Mitchell, 1977). 

Male ICR mice were given 2.6 mmol/kg bw (250 mg/kg bw) of 2-ethylfuran in 
sesame oil by intraperitoneal injection. Histopathological examination of tissues 
collected 24 h later revealed extensive proximal tubular necrosis of the kidneys and 
focal hydroptic degeneration of the liver. Significant increases in plasma urea nitrogen 
(approximately five times control level) and ALT activity were reported (Wiley et al., 
1984). 

Severe bronchiolar necrosis was reported in male ICR mice given 2-ethylfuran 
at 2.6 mmol/kg bw (250 mg/kg bw) in sesame oil by intraperitoneal injection. 
Administration of 1.56 mmol/kg bw (150 mg/kg bw) of 2-ethylfuran to five male ICR 
mice approximately doubled the amount of 14C-thymidine incorporation into 
pulmonary DNA over control values (Gammal et al., 1984). 

In a study of the tumour-inhibiting properties of 2-heptylfuran, increased 
cytosolic glutathione transferase activity was observed in tissue preparations of liver, 
forestomach and small-bowel mucosa isolated from groups of five 7-week-old femaie 
AIJ mice that had received a dose of 12, 25, 50 or 80 11mol/day of 2-heptylfuran 
dissolved in cottonseed oil by gavage every other day for a total of three doses. The 
dose of 50 11mol caused a significant increase in acid-soluble sulfhydryl concentration, 
which is a good measure of the GSH content of tissues, in all four tissue types when 
compared with controls (Lam & Zheng, 1992). 

The neurotoxic potential of 2,5-dimethylfuran and a series of hexane 
derivatives was evaluated in freshly prepared Schwann cells isolated from the sciatic 
nerves of neonatal Sprague-Dawley rats. The cells were incubated with 0.17, 0.33, 
0.67, 1.33, 2.66, 5.33, 10.7 or 21.3 mmol/1 (16.3, 31.7, 64.4, 127.9, 255.7, 512.4, 
1028.6 and 2047.6 !lglml, respectively) of 2,5-dimethylfuran. Dimethylfuran caused 
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greater inhibition of the incorporation of 3H-thymidine into Schwann cell DNA than 
other hexane derivatives, as indicated by its low EC50 value. Concentrations 
~ 5.33 mmol/1 (512.41-lg/ml) induced cytotoxic changes in Schwann cell morphology, 
including loss of cell processes, rounding of cells and detachment from the 
substratum. At concentrations ~ 5.33 mmol/1 (512.4 llg/ml), 2,5-dimethylfuran 
completely inhibited the Schwann cells' ability to incorporate 3H-thymidine. The 
cytotoxicity of 2,5-dimethylfuran was not mediated by dibutyryl cAMP, a known 
Schwann cell mitogen. The authors proposed that cytotoxicity occurred by 
suppression of DNA synthesis, which is related to the oxidative stress induced by 
2,5-dimethylfuran (Kamijima et al., 1996). 

Thus, alkyl-substituted furans can be metabolized by side-chain oxidation to 
yield, initially, the 1 ·-alcohol derivative, which can be conjugated and excreted or 
oxidized to the corresponding ketone. The conversion to the ketone is anticipated to 
be reversible, in which case the ketones can be reduced to the corresponding alcohols 
and excreted mainly in the urine. In a second pathway, the furan ring can be oxidized 
to form an unstable epoxide which can undergo rapid ring opening to yield reactive 
2-ene-1 ,4-dicarbonyl intermediates such as acetylacrolein. The reactive intermediate 
can be conjugated with available sulfhydryl trapping agents such as GSH and cysteine 
or, at high concentrations in vivo, can be covalently bound to proteins and DNA. 

Furyl-substituted aldehydes, carboxylic acids and related esters (Nos 1497-
1502 and 1513-1519) 

The aldehydes in this group are alkyl- or aryl-substituted 3-furyl-2-propenal 
(Nos 1497-1499, 1501 and 1502) or 3-furyl-2-propanal (No. 1500) derivatives. As 
such, they are readily oxidized to the corresponding 3-furylpropenoic acid or 3-
furylpropanoic acid derivatives. As noted above, the esters in the group are hydrolysed 
to yield 3-furylpropanoic acid (Nos 1513-1516) or 3-furylpropenoic acid (No. 1518), 
while one furoate ester is hydrolysed to furoic acid. The Committee has previously 
reviewed the metabolic fate of furoic acid and 3-furylpropenoic acid (Annex 1, 
references 150 and 160). Both are readily excreted by humans and experimental 
animals in the urine, primarily as glycine conjugates. In the main metabolic 
detoxication pathway for furfuryl alcohol, furfural and furoic acid, the coenzyme A 
(CoA) thioester of furoic acid is either conjugated with glycine and excreted in the 
urine or condensed with acetyi-CoA to form the CoA thioester of 2-furanacrylic acid 
(3-furylpropenoic acid). This compound, 2-furanacryloyl CoA, is also conjugated 
with glycine and excreted primarily in the urine (Nomeir et al., 1992; Parkash & 
Caldwell, 1994). 

The condensation of furoic acid with acetyi-CoA to yield furanacrylic acid (3-
furylpropenoic acid) appears to be a dynamic equilibrium favouring the CoA thioester 
of furoic acid (Parkash & Caldwell, 1994). The observation that furoic acid was 
excreted in the urine of dogs given furanacrylic acid is evidence for this equilibrium 
(Friedmann, 1911 ). An analogous equilibrium is established between other aromatic 
carboxylic acids (e.g. benzoic acid and cinnamic acid) (Nutley et al., 1994). Excretion 
of free furoic acid and furanacrylic acid in animals at higher doses suggests that 
glycine conjugation is capacity limited, probably by the supply of endogenous glycine 
(Gregus et al., 1993). 

lt is anticipated that the aldehydes in this group will be oxidized to the 
corresponding 3-furylpropenoic acid or 3-furylpropanoic acid derivatives. The esters 
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in this group will be hydrolysed to the same 3-furylpropenoic acid or 3-furylpropanoic 
derivatives. The acids will then be conjugated with glycine and excreted. Similarly, 
furoic acid formed by ester hydrolysis will be conjugated with glycine and excreted 
in the urine. 

Furyl-substituted ethers (Nos 1520-1522) 

The Committee previously reviewed the metabolic fate of alkyl-substituted 
aromatic ethers (Annex 1, references 166 and 167). If the substance is a methyl 
(No. 1520) or ethyl (No. 1521) furfuryl ether, 0-dealkylation occurs in vivo to yield 
the furfuryl alcohol that subsequently undergoes oxidation to furoic acid. As discussed 
above, furoic acid conjugates with glycine and is excreted mainly in the urine. 
Difurfuryl ether (No. 1522) is anticipated to undergo CYP450-catalysed hydroxylation 
to yield the hemiacetal, which readily hydrolyses to yield furfuryl alcohol and furfural. 
Both these substances are then oxidized to furoic acid and excreted (Nomeir et al., 
1992; Parkash & Caldwell, 1994). 

Furyl-substituted sulfides, disulfides and thioesters (Nos 1523-1526) 

The Committee previously reviewed the metabolic fate of furyl-substituted 
sulfides and disulfides (Annex 1, references 160 and 161 ). 

The two thioesters in the group (Nos 1523 and 1526) are anticipated to 
undergo hydrolysis to the corresponding thiol (2,5-dimethyl-3-thiofuran, No. 1 063), 
furfuryl mercaptan (No. 1 072) and simple aliphatic carboxylic acid. The resulting 
thiols are highly reactive in vivo, mainly because most thiols are readily oxidized to 
unstable sulfenic acids, which are further oxidized to the corresponding sulfinic and 
sulfonic acids. Methylation of thiols, primarily by S-adenosyl methionine, yields methyl 
sulfides, which are then readily oxidized to sulfoxides and sulfones. Thiols can react 
with physiological thiols to form mixed disulfides or form conjugates with glucuronic 
acid. Oxidation of the a-carbon results in de-sulfuration and formation of an aldehyde, 
which oxidizes to the corresponding acid (McBain & Menn, 1969; Dutton & llling, 
1972; Maiorino et al., 1989; Richardson et al., 1991 ). 

The labile nature of the S-S bond in furfuryl 2-methyl-3-furyl disulfide (No. 
1524} also favours a variety of metabolic options for detoxication. The disulfide 
bond is rapidly reduced to the corresponding thiol (mercaptan) in a reversible reaction 
in vivo. Therefore, the metabolic options available to thiols are also available to 
disulfides. Thiol-disulfide exchange reactions are reversible, nucleophilic substitution 
reactions that occur in vivo between reduced or oxidized thiols of low relative 
molecular mass (e.g. GSH disulfide or GSH) and cysteinyl thiol components of 
proteins, resulting in the formation of mixed disulfides. The disulfide bonds in mixed 
disulfides can undergo reduction, releasing the thiol from the protein (Brigelius, 1985; 
Sies et al., 1987; Cotgreave et al., 1989). 

The remaining substance is a sulfide (No. 1525). Monosulfides are expected 
to undergo oxidation, mainly to the corresponding sulfoxide and sulfone. Sulfoxides 
and sulfones are physiologically stable and are excreted unchanged in the urine 
(McBain & Menn, 1969; Nickson & Mitchell, 1994; Nickson et al., 1995; Nnane & 
Damani, 1995). 

In summary, the metabolic options available to this group of furyl-substituted 
substances depend, in large part, on the presence or absence of specific functional 
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groups on the aliphatic side-chain. The substances in this group are metabolized to 
polar products, which are mainly conjugated and then excreted in the urine. At higher 
doses, alkyl furans of low relative molecular mass (e.g. 2-methylfuran) can undergo 
ring oxidation to yield reactive 2-ene-1 ,4-dicarbonyl intermediates, which can 
subsequently be conjugated with sulfhydryl trapping agents or react with protein 
and DNA. 

2.3.2 Toxicological studies 

(a) Acute toxicity 

Oral LD50 values have been reported for 1 0 of the 40 substances in this 
group (Table 3). In rats, the LD50 values range from 138 to 4458 mg/kg bw, indicating 
little acute toxicity of aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic 
acids, and related esters, sulfides, disulfides and ethers containing furan substitution 
when given orally (Long, 1977a,b; Moreno, 1977; Gabriel, 1979; Moran et al., 1980; 
Piccirillo et al., 1982, 1983a,b; Reagan & Becci, 1984a,b; Burdock & Ford, 
1990a,b,c,d). In mice, the oral LD50 values ranged from 438 mg/kg bw for 2-acetyl-
5-methylfuran to 1220 mg/kg bw for 2-pentylfuran (Shellenberger, 1971 c; Griffiths & 
Babish, 1978; Moran et al., 1980). 

Male Sprague-Dawley rats were given a single dose of 50, 1 00, 200 or 
400 mg/kg bw of 2-methylfuran in sesame oil by intraperitoneal injection. The group 
at the lowest dose showed no signs of liver necrosis, but they had endothelial injury, 
with blabbing of the endothelium into the vascular lumen of the central veins. Animals 
given 1 00, 200 or 400 mg/kg bw showed a dose-dependent increase in the severity 
of hepatocellular injury (e.g. eosinophilic cytoplasm and vacuolation), centrilobular 
necrosis and necrosis of the bronchiolar epithelium, accompanied by increasing 
sloughing of the epithelium and, at the highest dose, complete obliteration of 
numerous respiratory and terminal bronchioles. Dose-related increases in serum 
AL T activity were observed at doses up to 200 mg/kg bw; however, the serum AL T 
activity in animals given 50 mg/kg bw was not significantly greater than that in control 
rats (Ravindranath et al., 1986). 

When 2,5-dimethylfuran was administered in the drinking-water at 
concentrations of 0.25-1.0% [approximately 25Q-1 000 mg/kg bw (Food & Drug 
Administration, 1993)] or by gavage at dosages of 20Q-1200 mg/kg bw to male rats, 
no neurotoxic effects were observed. No further details or discussion were given in 
this abstract (Krasavage et al., 1978). 

(b) Short-term studies of toxicity 

The results of short-term studies with 11 representative aliphatic hydro
carbons, alcohols, aldehydes, ketones, carboxylic acids, and related esters, sulfides, 
disulfides and ethers containing furan substitution are summarized in Table 4 and 
described below. One study was performed with an alkyl-substituted furan derivative 
(No. 1491 ), four studies with three furyl-substituted ketones (Nos 1495, 1503, 1506 
and 1511), two studies with two furyl-substituted aldehydes (Nos 1497 and 1502), 
one study with a furyl-substituted aliphatic ester (No. 1514) and one study with a 
furyl-substituted ether (No. 1520) and a furyl-substituted thioester (No. 1526). In 
addition, two studies were available on the products formed when thioesters (Nos 
1523 and 1526) are hydrolysed in vivo. 



SUBSTANCES CONTAINING FURAN SUBSTITUTION 131 

Table 3. Acute toxicity of aliphatic hydrocarbons, alcohols, aldehydes, ketones, 
carboxylic acids and related esters, su/fides, disulfides and ethers containing a 
furan substitution used as flavouring agents 

No. Flavouring agent Species; sex LD50 (mg/kg bw) Reference 

1491 2-Pentylfuran Mice; M, F M: 1185 
F: 1220 Shellenberger (1971 c) 

1491 2-Pentylfuran Mice; M, F 1200 Moran et al. (1980) 
1495 2,3-Dimethylbenzo- Rats; M, F 1952 Long (1977a) 

furan 
1494 3-Methyl-2-(3-methyl- Rats; M 660 Gabriel (1979) 

2-butenyl)furan 
1497 3-(2-Furyl)acrolein Rats; M, F M:> 900 Piccirillo et al. (1983a) 

F: > 857 
1497 3-(2-Furyl)acrolein Rats; M, F M:> 900 Burdock & Ford 

F: > 860 (1990a) 
1498 2-Methyl-3-(2-furyl)- Rats; M, F 1400 Reagan & Becci 

acrolein (1984a) 
1498 2-Methyl-3-(2-furyl)- Rats; M, F 1400 Burdock & Ford 

acrolein (1990d) 
1502 2-Phenyl-3-(2-furyl)- Rats; M, F 717 Long (1977b) 

prop-2-enal 
1503 2-Furyl methyl ketone Rats; M, F 138 Piccirillo et al. (1982) 
1504 2-Acetyl-5-methylfuran Mice; M, F 438 Griffiths & Babish 

(1978) 
1504 2-Acetyl-5-methylfuran Mice; M, F 438 Moran et al. (1980) 
1514 Isobutyl 3-(2-furan)- Rats; M, F 3294 Piccirillo et al. (1983b) 

propionate 
1514 Isobutyl 3-(2-furan)- Rats; M, F 4458 Reagan & Becci 

propionate (1984b) 
1514 Isobutyl 3-(2-furan)- Rats; M, F 3300 Burdock & Ford 

propionate (1990c) 
1514 Isobutyl 3-(2-furan)- Rats; NR 1950 Moreno (1977) 

propionate 
1522 Difurfuryl ether Rats; M, F 250 Burdock & Ford 

(1990b) 
1522 Difurfuryl ether Rats; M, F 249 Reagan & Becci 

(1984c) 

M, male; F. female; NR, not reported 

2-Pentylfuran (No. 1491) 

Groups of 23 Sprague-Dawley albino rats of each sex were maintained on a 
diet calculated to provide an average daily intake of 25.6 and 26.0 mg/kg bw of 2-
pentylfuran to male and female rats, respectively, for 13 weeks. Food and water 
were provided ad libitum. Weekly measurements of body weights, food consumption 
and food use showed no differences between test and control groups. Animals were 
observed daily for clinical signs of toxicity and behaviour, and, during weeks 6 and 
13, the urine of eight rats of each sex was analysed. At week 6, eight rats of each 
sex were killed by exsanguination for haematological examination; the remaining 
15 males and 15 females were killed at the end of week 13. All animals were 



Table 4. Results of short-term studies of toxicity on aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and 
related esters, sulfides, disulfides and ethers containing furan substitution 

No. Substance Species; No. test groups•/ Route Duration NOEL Reference 
sex no. per groupb {days) mg/kg bw 

per day) 

1491 2-Pentylfuran Rats; M, F 1/46 Diet 91 M: 25.6° Shellenberger (1971a,b) 
F: 26.0° 

1495 2,3-Dimethylbenzofuran Rats; M, F 1/30 Gavage 91 0.6° Long (1977a) 
1497 3-(2-Furyl)acrolein Rats; M, F 3/10 Gavage 28 100 Faber & Hosenfeld {1992) 
1497 3-(2-Furyl)acrolein Rats; M, F 3/20-64 Diet 90 45d Lough et al. (1985) 
1502 2-Phenyl-3-(2-furyl)prop-2-enal Rats; M, F 1/30 Gavage 91 0.87° Long {1977b) 
1503 2-Furyl methyl ketone Rats; M, F 3/20-64 Diet 90 25d Lough et al. {1985) 
1506 3-Acetyl-2,5-dimethylfuran Rats; M, F 1/10 Diet 14 1QC Van Miller & Weaver 

(1987) 
1511 4-(2-Furyl)-3-buten-2-one Rats; M, F 1/10 Diet 14 30° Gill & Van Miller (1987) 
1514 Isobutyl 3-(2-furan)propionate Rats; M, F 3/20-64 Diet 90 875° Lough et al. {1985) 
1520 Furfuryl methyl ether Rats; M, F 1/10 Diet 14 27° Van Miller & Weaver 

(1987) 
1526 Q.Ethyl 5-(2-furylmethyl)thio- Rats; M, F 3/6 Gavage 28 8 van Otterdijk & Frieling 

carbonate (2001) 

• 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 no adverse effect; the value is therefore not a true NOEL but is the highest 

dose tested that had no adverse effects. The actual NOEL might be higher. 
d After 28 days, all the rats at the highest dose and 16 of each sex at the lowest dose were killed; however, the remaining rats at the lowest dose 

and all those at the intermediate dose continued on their dietary protocol for an additional 62 days, for a total treatment period of 90 days. The 
NOEL given here therefore represents the highest dose tested at the end of 90 days. 
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necropsied and tissues examined for gross lesions. The kidneys, liver, spleen, heart 
and testes or ovaries were weighed. The brain, pituitary, thyroid and salivary glands, 
lymph nodes (cervical and mesenteric), lung, diaphragm, heart, liver, stomach, 
duodeum, pancreas, femur with marrow, small intestine, large intestine, spleen, 
adrenals, kidney (transverse and longitudinal sections), testes and anexa, ovaries, 
uterus, bladder, spinal cord (thoracic), skin and any lesions were preserved in 10% 
buffered formalin and embedded in paraffin blocks for histological evaluation. 
Haematological examination and urine analysis revealed no differences between 
test and control rats. Treated rats had statistically significantly greater serum alkaline 
phosphatase activity than controls at week 13; however, the activity in control males 
was 333.61U at week 6 and inexplicably dropped to 116.0 IU at week 13 and that in 
control females fell from 346.3 to 120.3 IU; the activity in treated animals remained 
within the normal range. Some animals had mildly hyperaemic lung tissue, a chronic 
pulmonary condition common in this strain of rats. The average liver weight in treated 
males was significantly greater than that of control animals. Female rats had 
significantly greater liver and kidney weights than the control group, but examination 
of these organs revealed no histopathological abnormality. The author stated that 
the organ weights of the control animals were significantly lower than those of animals 
of the same strain and age used as controls in other studies under the same 
conditions (Shellenberger, 1971 c). On the basis of the lower organ weights in controls 
and the absence of histopathological changes, the Committee concluded that no 
adverse effects could be attributed to administration of 2-pentylfuran to rats 
(Shellenberger, 1971 a, b). 

2,3-Dimethy/benzofuran (No. 1495) and 2-pheny/-3-(2-fury/)-prop-2-ena/ (No. 
1502) 

Groups of 16 male and female Sprague-Dawley-derived OFA rats weighing 
1 00-120 g at the beginning of the study were given 0.6 mg/kg bw per day of 2,3-
dimethylbenzofuran (long, 1977a) or 0.87 mg/kg bw per day of 2-phenyl-3-(2-furyl)
prop-2-enal (Long, 1977b) intragastrically in olive oil 7 days per week for 13 weeks. 
A concurrently maintained control group was given the vehicle. Water and food 
were provided ad libitum. Animals were examined daily and their behaviour observed. 
The body weight of each rat and the food consumption in each cage of four animals 
were measured weekly. Haematology and serum biochemistry were examined in 
eight rats of each sex at weeks 4 (serum biochemistry limited to blood urea nitrogen) 
and 13. At 13 weeks, 16 male and 16 female control and treated rats were necropsied. 
The liver, kidneys, spleen, heart, adrenal glands, testes and ovaries were weighed, 
and major tissues were preserved for histopathological examination. Clinical 
examination revealed no differences in mortality, behaviour, body-weight gain or 
food consumption for either test group in comparison with the corresponding group 
of control animals. 

Administration of 2,3-dimethylbenzofuran had no effect on haematological 
parameters, but a slight increase in alkaline phosphatase activity was found in males 
and a slight increase in bilirubin levels in males and females. Additionally, treated 
females had a decreased serum glucose level. All organ weights were comparable 
in test and control animals, and histological examination revealed no morphological 
changes that could be attributed to administration of 2,3-dimethylbenzofuran (Long, 
1977a). 
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Administration of 2-phenyl-3-(2-furyl)-prop-2-enal for 13 weeks had no effect 
on haematological parameters. At 13 weeks, a decrease in blood urea was found in 
male rats and a decrease in cholesterol concentrations in treated animals of each 
sex; however, the values remained within the normal range of variation. Gross 
examination showed no lesions attributable to administration of the test substance. 
Organ weights were comparable in test and control groups, and histological 
examination revealed no alterations that could be related to administration of 2-
phenyl-3-(2-furyl)-prop-2-enal (Long, 1977b). 

3-(2-Fury/)acrolein (No. 1497) 

Groups of five CD®(SD)BRIVAF Plus™ rats of each sex were given 100 or 
400 mg/kg bw per day of 3-(2-furyl)acrolein in corn oil intragastrically. Another group 
of five male and five female rats were given 800 mg/kg bw, which resulted in the 
deaths of two females by day 1. These animals were replaced and dosing was 
continued at 600 mg/kg bw per day for the remainder of the study. Food and water 
were provided ad libitum throughout the study. Body weights were determined on 
days 0, 4, 7, 14,21 and 28, and food consumption was measured on days 4, 7, 14, 
21 and 28. The body weights of fasted animals were measured before necropsy. 
Rats were monitored daily for signs of toxicity and behavioural changes. Haematology 
and clinical chemistry examinations were conducted on blood drawn from the 
posterior vena cava before necropsy. At the end of the study, rats were fasted 
overnight, anaesthetized with C02 and exsanguinated via the posterior vena cava. 
The liver, kidneys, adrenal glands, testes, spleen and thymus were weighed, and all 
major organs, tissues and lesions from all animals were fixed in 1 0% buffered formalin. 
All tissues from animals at the highest dose and from controls and the thymus, 
stomach, liver, kidneys and gross lesions from animals at the two lower doses were 
examined microscopically. 

As noted above, two female rats given 800 mg/kg bw per day of 3-(2-
furyl)acrolein were found dead or moribund on day 1 of the study, and one female 
rat at 400 mg/kg bw per day was found dead on day 2. The cause of death of the 
latter could not be determined owing to autolysis, which had taken place by the time 
the animal was found. All other animals survived to completion of the study. The 
clinical signs observed included dehydration, decreased faeces, depressed general 
activity and sialorrhoea in animals at 400 and 600 mg/kg bw per day. The authors 
proposed that the sialorrhoea was due to the taste of the test material. 

The mean body weights of males at the highest dose were significantly lower 
than those of controls on days 4, 7, 14 and 21; although they were also lower on day 
28, the difference was not statistically significant. The mean body weights of females 
at the highest dose were slightly lower than those of controls on days 1 and 4 but 
were higher from day? to termination of the study. The mean body weight of females 
at 400 mg/kg be per day was also higher than that of controls from day 14 onwards. 
The mean body weights of males at 400 mg/kg bw per day and of males and females 
at the lowest dose were comparable to those of controls. The feed consumption of 
male and female animals that received 800 mg/kg bw per day was significantly 
lower (74%) than that of controls at day 4 and was significantly decreased in males 
at this dose on days 4 and 7. Females at the highest dose consumed more feed 
than controls on day 7, and the difference was statistically significant on days 21-28. 
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Males at the highest dose had a significantly lower mean erythrocyte volume 
fraction and greater mean corpuscular haemoglobin concentration; they also had 
nonsignificantly lower mean red blood cell counts. Male rats at the two lower doses 
also had nonsignificantly lower mean erythrocyte volume fraction, erythrocyte count 
and haemoglobin concentration. Females at the two higher doses had significant 
reductions in mean red blood cell counts, mean haemoglobin concentration and 
mean erythrocyte volume fraction, while females at the lowest dose had reduced 
values for these parameters, without statistical significance. The reduction in 
haematological values indicates loss of red blood cells, which was probably due to 
gastric irritation as no other sites of possible haemorrhage were identified. Minimal 
poikilocytosis (a common variant of erythrocyte morphology) was observed in two 
male rats in each test group and, among females, in one control, one at the lowest 
dose, one at the intermediate dose and two at the highest dose. Mean glucose 
levels were significantly lower and mean sorbitol dehydrogenase levels higher in 
males at the highest dose. One male at the intermediate dose and females at the 
highest dose had significantly greater sorbitol dehydrogenase activity than controls. 
The mean total protein level was significantly lower in male rats at the highest and 
lowest doses. Mean albumin levels and albumin:globulin ratios were significantly 
reduced in males at the lowest dose. 

The mean relative kidney weights in males at the two higher doses were 
higher than those of controls, but were statistcially significant only for rats at the 
intermediate dose. The mean absolute and relative kidney weights of female rats at 
the highest dose were significantly greater than those of controls. Clinical chemistry 
did not indicate nephrotoxicity. The mean absolute and relative liver weights were 
significantly increased in males and females at the two higher doses. The relative 
thymus weights of males at the highest dose were significantly increased; however, 
this effect was not considered to be related to treatment but to reflect the lower 
terminal body weights of this group. No gross pathological changes related to 
treatment were reported. 

Males at the two higher doses had hyperkeratosis (5/5) and acanthosis (5/5) 
of the non-glandular gastric mucosa, hypertrophy of the hepatocytes (4/5 at the 
intermediate dose, 4/5 at the highest dose) and an increased number of hepatocytes 
with enlarged nuclei (4/5 at the intermediate dose, 5/5 at the highest dose). Females 
had hyperkeratosis and acanthosis of the non-glandular stomach mucosa, 
hypertrophic hepatocytes and more hepatocytes with enlarged nuclei (4/4 at the 
intermediate dose, 5/5 at the highest dose). Hypertrophy of hepatocytes (1/5) and 
more hepatocytes with enlarged nuclei (1/5) were observed in female rats at the 
lowest dose. The test material was a strong gastric irritant, which accounts for the 
hyperkeratosis and acanthosis of the non-glandular stomach mucosa observed in 
rats at the two higher doses. The study pathologist concluded that hypertrophy of 
hepatocytes and hepatocytes with enlarged nuclei were adaptive responses to the 
influx of large amounts of 3-(2-furyl)acrolein by gavage to compensate for increased 
metabolic activity. The NOEL was 100 mg/kg bw per day (Faber & Hosenfeld, 1992). 

3-{2-Furyl)acrolein (No. 1497), 2-furyl methyl ketone (No. 1503) and isobutyl 
3-(2-furyl)propionate (No. 1514) 

Groups of 32 Sprague-Dawley rats of each sex were assigned to groups of 
controls and low dietary dose, 12 of each sex to the intermediate dose and 1 0 of 
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each sex to the highest dose. The rats were maintained on diets calculated to provide 
0, 5, 45 or 405 mg/kg bw per day of 3-(2-furyl)acrolein, 0, 5, 25 or 1 00 mg/kg bw per 
day of 2-furyl methyl ketone, or 0, 35, 175 or 875 mg/kg bw per day of isobutyl 3-(2-
furyl)propionate for 28 days. The animals were given access to food and water ad 
libitum throughout the study. They were observed daily for clinical manifestations of 
toxicity and changes in behaviour. Body weights and food consumption were recorded 
weekly. Haematology, blood chemistry and urine analyses were conducted at 
4 weeks. At that time, all rats at the highest dose and 16 of each sex in the control 
and lowest dose groups were killed by ether anaesthesia and subsequent 
exsanguination. The remaining animals continued their dietary protocol to 90 days. 

In the study with 3-(2-furyl)acrolein, a significant decrease in body-weight 
gain was seen in males and females at the highest dose when compared with controls 
at week 4. Males at 45 mg/kg bw per day had decreased body-weight gain at week 
12. The decreases in body-weight gain were accompanied by decreased food intake, 
which might have been due to the unpalatability of the test material. Animals at the 
two lower doses had inconsistent intervals of low food consumption. The results of 
haematology and urine analyses were comparable in test groups and control animals 
at 28 and 90 days. Blood chemistry analysis revealed significant decreases in alkaline 
phosphatase activity and glucose levels in rats at 405 mg/kg bw per day at 28 days. 
Necropsy revealed no significant gross alterations. At 28 days, the mean relative 
liver weight of females at the highest dose was significantly increased, and the 
mean relative weights of the right and left kidney were increased at 405 mg/kg bw 
per day. After 13 weeks, the mean relative right kidney weights were increased in 
males at 5 mg/kg bw per day, and the mean relative left kidney weights were increased 
in females at the lowest dose. No changes in the weights of the kidney or any other 
organ were observed in the group at 45 mg/kg bw per day. The increases in organ 
weights were not accompanied by gross or microscopic signs. The NOEL was 
45 mg/kg bw per day. 

In the study with 2-furyl methyl ketone, male and female rats at 100 mg/kg 
bw per day had decreased body-weight gain at day 28. Males at week 13 and 
females at week 9 given 25 mg/kg bw per day gained less body weight than controls. 
These body-weight changes corresponded in part to changes in food consumption: 
males and females at 1 00 mg/kg bw per day and females at 5 and 25 mg/kg bw per 
day had significantly lower food consumption than controls, although males at the 
two lower dose showed no decrease. At 4 weeks, male and female rats at 1 00 mg/kg 
bw per day had significantly increased blood urea nitrogen and significantly decreased 
glucose concentration and alkaline phosphatase activity when compared with 
controls. Gross pathological examinations gave comparable results for control and 
test animals. Male and female rats at 1 00 mg/kg bw per day had higher mean relative 
liver weights than controls. As the absolute liver weights were comparable to those 
of controls, the lower body weights of animals at the highest dose might have been 
partly responsible for the observed increase in relative liver weight. At the end of 
treatment, the mean absolute and relative liver weights were comparable in controls 
and rats at the highest dose. Rats at lower doses showed no significant difference 
in organ weights from controls. At 28 days, males receiving 100 mg/kg bw per day 
had increased right and left gonad weights after 90 days, but no abnormal 
histopathological changes were observed. The NOEL was 25 mg/kg bw per day. 
This agent was most active in assays for genotoxicity (see below). This NOEL, 
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however, indicates that furan-like compounds are unlikely to be hepatocarcinogenic, 
as the dose of furan that caused high incidences of hepatocellular and cholangio
cellular carcinomas at 13 weeks was 8 mg/kg bw per day (National Toxicology 
Program, 1993). 

In the study with isobutyl3-(2-furyl)propionate, one female at the lowest dose 
died from causes reported to be unrelated to treatment. Males on diets designed to 
provide 175 or 875 mg/kg bw per day showed significant reductions in body-weight 
gain at 28 days, which persisted in the group at 175 mg/kg bw per day up to week 
11. No such changes were seen in the corresponding females or in males or females 
at the lower dietary level. Males and females at the highest dose consumed 
significantly less food than controls. Haematology, clinical biochemistry and urine 
analyses revealed no differences between test groups and controls. Gross 
pathological examination revealed no significant lesions that could be associated 
with treatment. Measurement of relative organ weights revealed non-dose-related 
increases in the weight of the right kidney in males at 35 mg/kg bw per day and in 
females at 175 mg/kg bw per day, and in the right gonad of males at 175 mg/kg bw 
per day. The authors stated that most of the differences in organ weights were 
inconsistent with regard to occurrence, sex and unilateral involvement of bilateral 
organs and that it was difficult to ascertain whether they represented treatment
related effects. In the absence of a clear dose-response relation, the changes could 
not be associated with administration of the test substance. No abnormal 
histopathological changes were observed!. The NOEL was 875 mg/kg bw per day 
(Lough et al., 1985). 

4-(2-Furyl)-3-buten-2-one (No. 1511) 

Five male and five female Fischer 344 rats were maintained on diets estimated 
to provide 0 or 30 mg/kg bw per day of 4-(2-furyl)-3-buten-2-one for 14 days. The 
animals were examined for viability twice daily. Body weights were recorded on 
days -1, 6 and 14 of the study, and food consumption was measured on days 7 and 
14. Gross necropsy was performed on each of the animals at the end of the study. 
No adverse clinical effects were found. Females showed a slight increase in food 
consumption, but there was no such increase for males, and there was no 
corresponding increase in weight gain. The absolute and relative liver weights of 
females and the relative liver weights of males were greater than those of controls 
by 13%, 15% and 8%, respectively, but no histological findings accompanied these 
increases. The authors stated that, in comparison with control animals of the same 
strain from the same vendor used in other studies under identical conditions, the 
absolute liver weights of the control animals in this study were lower than usual (Gill 
& Van Miller, 1987). 

3-Acetyl-2,5-dimethy/furan (No. 1506) and furfuryl methyl ether (No. 1520) 

Five Fischer 344 rats of each sex were maintained on diets estimated to 
provide 0, 1 0 mg/kg bw per day of 3-acetyl-2,5-dimethylfuran or 27 mg/kg bw per 
day of furfuryl methyl ether for 14 days. Animals were examined for viability twice 
daily. Body weights were recorded on days -1, 6 and 14 of the study, and food 
consumption was measured on days 7 and 14. Gross necropsy was performed on 
each of the animals at the end of the study. Kidney and liver weights were recorded 
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before fixation in 1 0% buffered formalin for histological examination, and all gross 
lesions were fixed for histological examination. No statistically significant differences 
in any of the parameters tested were seen between treated and control animals 
(Van Miller & Weaver, 1987). 

0-Ethy/ S-(furfurylmethyl)thiocarbonate (No. 1526) 

Groups of three Wistar rats of each sex were given doses of 0, 2, 8 or 32 mg/ 
kg bw per day of 0-ethyl S-(2-furylmethyl)thiocarbonate by gavage for 28 days. The 
animals were observed twice daily, and clinical signs were recorded once daily. 
Body weights and food consumption were recorded weekly. All animals that survived 
to the end of the study and all those that became moribund were necropsied, and 
organs were weighed. No deaths occurred during the study. Simultaneous decreases 
in body weight and food consumption were reported in rats at the highest dose. The 
body weights of control males were slightly lower than those of previous control 
groups. The body weights and food consumption of animals at the two lower doses 
did not differ significantly from those of controls. Hunched posture, laboured 
respiration and diarrhoea were reported in animals at the highest dose, mainly during 
the first week of treatment. Females at this dose showed reduced motor activity at 
the end of the treatment period. Weekly functional observations showed no 
differences between treated and control animals in hearing, papillary reflex, static 
righting reflex or grip strength. At necropsy, organ weights and haematological and 
macroscopic parameters did not reveal any treatment-related effects. The mean 
urea concentration was increased in females at the highest dose, which was attributed 
to an increased value in one rat. A slight increase in ALT activity was reported in one 
male at the lower doses when compared with controls, but, in the absence of changes 
in liver weight, of abnormalities or a dose-related effect, this increase was considered 
not to be related to treatment. The NOEL was 8 mg/kg bw per day (van Otterdijk & 
Frieling, 2001 ). 

Structurally related substance: 2,5-dimethy/-3-thioisova/ery/furan (No. 1 070) 

Hydrolysis of 2,5-dimethyl-3-furyl thioisovalerate (No. 1 070) is expected to 
yield the structurally related compound 2,5-dimethyl-3-furylmercaptan. In a 90-day 
study, 0 or 0.73 mg/kg bw per day of 2,5-dimethyl-3-furyl thioisovalerate was added 
to the diet of groups of 15 male and 15 female Wistar rats. The survival, behaviour 
and general appearance of the animals was monitored daily, while body weights 
and food consumption were recorded weekly. Haematology, blood chemistry and 
urine analysis (eight animals of each sex per group) were performed during weeks 
6 and 12 of the study. At the end of treatment, all surviving animals were necropsied, 
and the liver and kidneys were weighed; tissues from major organs were preserved 
for histopathological examination. No significant variations were observed in body 
weights, food consumption or calculated food use efficiency of treated animals in 
comparison with controls. Likewise, haematological and blood chemistry parameters 
were comparable in control and test animals, and the results of urine analysis were 
unremarkable. Moreover, neither gross nor histopathological examination revealed 
any significant compound-related difference between test and control animals 
(Morgareidge & Oser, 1974). 
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Structurally related substance: fwfuryl mercaptan (No. 1 072) 

Furfuryl mercaptan (No. 1 072) is the principal hydrolysis product of 0-ethyl 
S-(2-furylmethyl)thiocarbonate (No. 1526). In a 13-week study, groups of 15 wean ling 
Wistar rats of each sex were given daily doses of 0 (vehicle control), 1, 3 or 30 mg/ 
kg bw of fufuryl mercaptan in corn oil by stomach tube for 13 weeks. Additional 
groups of five rats per sex were given a daily dose of 0, 3 or 30 mg/kg bw fufuryl 
mercaptan for 2 or 6 weeks. Clinical observations were made daily, and body weights 
were measured on days 1, 6 and 9 and then weekly up to week 12. Food and water 
intakes were measured 1 day before the weight measurements. Males and females 
at the highest dose had significant decreases in body-weight gain, beginning on 
days 6-9 and continuing until study termination, when the reductions were 12-
16%. These were associated with significantly reduced food intake. At the end of 
the study, animals at 30 mg/kg bw per day had significant reductions in absolute 
organ weights and increases in relative organ weights (i.e. brain, kidneys, stomach, 
small intestine, caecum, adrenals and gonads in males, and brain, heart, liver, 
kidneys, stomach, caecum, adrenals and thyroid in females). These were considered 
to be related to the lower body weights. In addition, isolated organ weight changes 
were observed in males and females at the highest dose in the group terminated at 
week 6, and increased relative heart weights in males and reduced relative kidney 
weights in females were reported at 3 mg/kg bw per day. No such changes were 
seen in the group at 3 mg/kg bw per day terminated at 13 weeks. They were therefore 
considered not to be related to treatment. Urine analysis, including concentration 
and dilution tests, performed on the last day of treatment revealed no significant 
differences between test and control groups. Likewise, no significant variations were 
observed in clinical chemistry values. Statistically significant variations in 
haematological parameters in males at the highest dose included increased packed 
cell volume and total leukocyte count at week 6 and increased haemoglobin 
concentration and packed cell volume at study termination; however, these changes 
were not considered to represent toxicologically significant adverse effects. At study 
termination, macroscopic and microscopic examinations showed no lesions related 
to treatment. The NOEL was 3 mg/kg bw per day (Phillips et al., 1977). 

(c) Genotoxicity 

The genotoxicity of eight representative aliphatic hydrocarbons (Nos 1487, 
1488 and 1494), aldehydes and ketones (Nos 1497, 1503 and 1511), carboxylic 
acids and related esters (No. 1513) and sulfides (No. 1526) in this group has been 
tested. The results of these tests are summarized in Table 5. 

In vitro 

In standard assays for mutagenicity in Salmonella typhimurium, 2,5-
dimethylfuran (No. 1488), 3-methyl-2-(3-methyl-2-butenyl)furan (No. 1494), 3-(2-
furyl)acrolein (No. 1497), 4-(2-furyl)-3-buten-2-one (No. 1511 ), ethyl 3-(2-furyl)
propanoate (No. 1513), and 0-ethyl S-furfurylthiocarbonate (No. 1526) were not 
mutagenic inS. typhimuriumstrains TA97, TA98, TA100, TA102, TA1535, TA1537 
and TA1538 when tested at concentrations up to10 000 J.tg/plate, either alone or 
with a rat liver-derived bioactivation system (Wild et al., 1983; Mortelmans et al., 



Table 5. Studies of genotoxicity with aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and related esters, ... 
"'" sulfides, disulfides and ethers containing furan substitution 0 

No. Agent End-point Test object Dose or concentration Results Reference 

In vitro 
1487 2-Methylfuran Reverse mutation 5. typhimurium TA98, 0.165, 0.330, 0.495 or Negativeb Shinohara et al. 

TA100 0.660 11mol/plate (13.5, (1986) 
27.1, 40.6 or 54.2 llg/plate•) 

1487 2-Methylfuran Reverse mutation S. typhimurium TA98, ~ 1 0 000 11g/plate Negativeb.c,d Zeiger et al. (1992) 
TA102,TA1535,TA100 

1487 2-Methylfuran Reverse mutation S. typhimurium TA97, ~ 1 0 000 11g/plate Equivocalb.c.d Zeiger et al. (1992) 
TA104 

1487 2-Methylfuran Reverse mutation S. typhimurium TA98, 11 nmol/plate to 1.1 mmol/ Negativeb Aeschbacher et al. 
TA100,TA102 plate (0.9-90 310 llg/plate•) (1989) Cl) 

1487 2-Methylfuran DNA damage Bacillus subtilis H 17 0.16, 16 or 1600 11g/disc Negative/ Shinohara et al. ij5 
(rec•) and M45 (rec-) positiveb,e (1986) 

Cl) 

);! 
1487 2-Methylfuran Chromosomal Chinese hamster ovary 0-150 mmol/1 Positiveb.f Stich et al. (1981) 

~ aberration cells (0-12 315 11g/ml•) 
1488 2,5-Dimethylfuran Reverse mutation S. typhimurium TA98, 0. 165, 0.330, 0.495 or 0.660 Negativeb Shinohara et al. m 

TA100 11mol/plate (13.5, 27.1, 40.6 (1986) (') 
0 

or 54.2 11g/plate•) :z: 
1488 2,5-Di methylfuran Reverse mutation S. typhimurium TA98, Not specified Negativeb Lee et al. (1994) );! 

TA100 ~ 1488 2,5-Dimethylfuran Reverse mutation S. typhimurium TA97, ~ 3333!lg/plate Negativeb.c,d Zeiger et al. (1992) C) 
TA98,TA100,TA1535 

~ 1488 2,5-Dimethylfuran DNA damage Bacillus subtilis H17 190, 1900 or 9500 11g/disc Negative/ Shinohara et al. 
(rec•) and M45 (rec-) positiveb,h (1986) ~ 

1488 2,5-Dimethylfuran Chromosomal Chinese hamster V79 1 mmol/1 (96.13 llg/ml)9 Negative Ochi & Ohsawa :z: 
Cl) 

aberration cells (1985) c: 
1488 2,5-Dimethylfuran Chromosomal Chinese hamster ovary 0-20 mmol/1 (1923 11g/ml)9 Positiveb,f Stich et al. (1981) 

OJ 
Cl) 

aberration cells ::l 
1494 3-Methyl-2-(3- Reverse mutation S. typhimurium TA 1535, 3.2, 16, 80, 400 or 2000 Negativeb Asquith (1989) c:! 

methyl-2-butenyl)- TA1537,TA98,TA100 11g/plate ::l 
0 

furan :z: 



Table 5 (contd) (/) 
c::: 

No. Agent End-point Test object Dose or concentration Results Reference 
Ill 
(/) 

);! 
1497 3-(2-Furyl)acrolein Reverse mutation S. typhimurium TA 1 00 Not specified Negativeb.c Eder et al. (1991) ::?: 
1497 3-(2-Furyl)acrolein DNA damage (SOS E. coli PQ37 Not specified Negative' Eder et al. (1991) 

() 

m Chromotest) 
() 

1497 3-(2-Furyl)acrolein DNA damage (SOS E. coliPQ37 Not specified Weakly Eder et al. (1993) 0 
Chromotest) positive' ::?: 

1503 2-Furyl methyl Reverse mutation S. typhimurium TA98, 0.165, 0.330, 0.495 or 0.660 Negative/ Shinohara et al. );! 
ketone TA100 )!mol/plate (13.5, 27.1, 40.6 positiveb·' (1986) ~ or 54.2 )lg/platei) Cl 

1503 2-Furyl methyl DNA damage (SOS E. coli PQ37 Not specified Slightly Eder et al. (1993) ~ ketone Chromotest) positive' ~ 1503 2-Furyl methyl DNA damage Bacillus subtilis H17 550, 5500 or 55 000 )lg/disc Negative/ Shinohara et al. ::?: 
ketone (rec+) and M45 (rec-) positiveb·' (1986) (/) 

1503 2-Furyl methyl Chromosomal Chinese hamster ovary 0-125 mmol/1 Positiveb.m.n Stich et al. (1981) § 
ketone aberration cells (0-13 764 11gtml)i (/) 

1511 4-(2-Furyl)-3- Reverse mutation S. typhimurium TA 1535, 33,100,333,1000,2166 Negativeb,c,o Mortelmans et al. ::::! 
~ buten-2-one TA98,TA100,TA1537 or 3333 )lg/plate (1986) ::::! 1513 Ethyl 3-(2-furyl)- Reverse mutation S. typhimurium TA 1535, s 3600 11g/plate Negativeb Wild et al. (1983) 0 

propanoate TA1537,TA1538, TA100, ::?: 

TA98 
1526 0-Ethyl S-furfuryl- Reverse mutation S. typhimurium TA 1535, 33, 100, 333, 1000 or 3330 Negativeb,p Verspeek-Rip 

thiocarbonate TA1537,TA100,TA98 11g/plate (2000) 
1526 0-Ethyl S-furfuryl- Reverse mutation E. coli WP2uvrA 33, 100, 333, 1000 or 3330 Negativeb.q Verspeek-Rip 

thiocarbonate )lg/plate (2000) 
1526 0-Ethyl S-furfuryl- Chromosomal Human peripheral 150, 300 or 350 )lg/ml Negativeb" Meerts (2000) 

thiocarbonate aberration lymphocytes 
1526 0-Ethyl S-furfuryl- Chromosomal Human peripheral 130, 240 or 280 )lg/ml Positive'·' Meerts (2000) 

thiocarbonate aberration lymphocytes 
1526 0-Ethyl S-furfuryl- Chromosomal Human peripheral 100, 130 or 240 )lg/ml Positive'·' Meerts (2000) 

thiocarbonate aberration lymphocytes 
1526 0-Ethyl S-furfuryl- Chromosomal Human peripheral 150, 325 or 375 )lg/ml Negative/ Meerts (2000) .... 

""' thiocarbonate aberration lymphocytes positive'·"·v .... 



Table 5 (contd) 

No. Agent 

In vivo 
1487 2-Methylfuran 
al. 

1503 2-Furyl methyl 
(1993) 

ketone 
1503 2-Furyl methyl 
(1993) 

ketone 
1526 0-Ethyl 5-furfuryl-

thiocarbonate 

End-point 

Chromosomal 

aberration 

Chromosomal 

aberration 
Chromosomal 

aberration 
Micronucleus 
induction 

Test object 

Swiss albino mice (bone-

marrow cells and sperma
tocytes) 
Swiss albino mice (bone 

marrow) 
Swiss albino mice 

(spermatocytes) 
NMRI BR mice (bone 
marrow) 

• Calculated from a relative molecular mass for 2-methylfuran = 82.1 
b With and without metabolic activation 
' Pre-incubation method 

Dose or concentration 

1000, 2000 or 4000 ppm 

(1 00, 200 or 400 mg/kg bw 
per day)w 
1000, 2000 or 3000 ppm 

(20, 40 or 60 mg/kg bw)x 
1000, 2000 or 3000 ppm 

(20, 40 or 60 mg/kg bw)x 
100, 250,or 500 mg/kg bwbb 

d Occasional incidences of slight-to-complete clearing of background lawn at higher concentrations 
• Negative at all concentrations with metabolic activation; positive without metabolic activation 
1 Clastogenic activity decreased with metabolic activation (statistical significance of results not specified) 
g Calculated from a relative molecular mass for 2,5-dimethylfuran = 96.13 

Results 

Negative 

Positivey.z 

Negative•• 

Negative 

Reference 

Subramanyam et 

(1989) 

Sujatha et al. 

Sujatha et al. 

Verspeek-Rip 
(2001) 

h Positive at all concentrations without metabolic activation; with metabolic activation, negative at 190 11g/disc but positive at higher concentrations 
' Without metabolic activation 
i Calculated from a relative molecular mass for 2-furyl methyl ketone = 110.11 
k Positive only in strain TA98; increased with metabolic activation 
' Negative at 550 11g/disc; positive at 5500 and 55 000 11g/disc with and without metabolic activation 
m Cytotoxicity at 12 398 11g/ml with metabolic activation 
" Clastogenic activity increased with metabolic activation (statistical significance of results not specified) 



Table 5 ( contd) 

o Cytotoxicity at 3333Jlg/plate in all S. typhimurium strains and at 2166 Jlg/plate inS. typhimurium TA1 00 and TA1537 
P Cytotoxicity at 3300 Jlg/plate in all S. typhimurium strains and at 1 000 11g/plate in S. typhimurium TA 1 00 and TA 1535 
q Cytotoxicity at 3300 Jlg/plate without metabolic activation 
' 3-h continuous exposure 
' 24-h continuous exposure 
1 48-h continuous exposure 
u With metabolic activation 
' Statistically significant dose-dependent increases in chromosomal aberrations at two highest concentrations (325 and 375 Jlg/ml) 
w Rats received 2-methylfuran in the diet for 5 consecutive days at 24-h intervals. 
x Two experimental protocols were used: in one, animals received single oral doses of the test compound; in the other, the test compound was 

given orally once a day at the same concentrations as in the single-dose study for 5 consecutive days with 24-h intervals between doses. 
Y No effects observed at 1000 ppm and mild but significant (p < 0.05) effects at higher concentrations 
' Chromosomal aberrations observed in the presence of significant mitodepression 
•• Statistically significant increase in chromosomal aberrations 3 weeks after single dose of 3000 ppm; statistically significant increases in polyploidy 

and XY univalents at weeks 3 and 4 in rats given multiple doses of 3000 ppm 
bb Single dose administered by gavage 
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1986; Shinohara et al., 1986; Asquith, 1989; Eder et al., 1991; Zeiger et al., 1992; 
Lee et al., 1994; Verspeek-Rip, 2000). Likewise, with the exception of a single assay 
in which equivocal results were reported inS. typhimurium strains TA97 and TA 107 
(Zeiger et al., 1992), 2-methylfuran (No. 1487) gave consistently negative results in 
several other strains of S. typhimurium (TA98, TA 100, TA 102 and TA 1535) either 
alone or with bioactivation (Shinohara et al., 1986; Aeschbacher et al., 1989). 2-
Furyl methyl ketone (No. 1503) evaluated with and without metabolic activation in 
S. typhimuriumat concentrations up to 0.660 ).lmol/plate (54.2 ).lg/plate) had significant 
mutagenic potential only in strain TA98 with metabolic activation at the two lower 
concentrations (0.165 and 0.330 ).lmol/plate). At higher concentrations, significant 
cytotoxicity was observed, as reflected in a concentration-dependent decrease in 
the number of revertants (Shinohara et al., 1986). 

Bacterial mutagenicity testing of furans that can be metabolically oxidized to 
reactive a,~-unsaturated dicarbonyl (2-ene-1 ,4-dicarbonyl) intermediates is 
problematic owing 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). Owing to the nature of the GSH conjugation 
pathway, reactions in which high concentrations of a,~-unsaturated carbonyl 
compounds are formed are likely to promote oxidative stress. lt is anticipated that 
cells exposed to high concentrations of these types of substances will rapidly deplete 
GSH, eventually leading to cellular damage and decreased cell viability, as indicated 
by the results described above. 

0-Ethyl S-furfurylthiocarbonate (No. 1526) had no mutagenic potential when 
tested in Escherichia coli WP2uvrA at concentrations up to 3330 ).lg/plate, with or 
without metabolic activation (Verspeek-Rip, 2000). 3-(2-Furyl)acrolein (No. 1497) 
was not mutagenic in E. coli PQ37 under the conditions of the SOS Chromotest 
(Eder et al., 1991 ); in a subsequent evaluation, however, both 3-(2-furyl)acrolein 
(No. 1497) and 2-furyl methyl ketone (No. 1503) gave slightly positive results in the 
SOS Chromotest without metabolic activation, as evidenced by 1. 7- and 1.8-fold 
increases in the SOS induction factor over a background value of 1, respectively. 
(Results are considered to be significant if the induction factor is at least 1.5.) (Eder 
et al., 1993). 

In the rec assay, in which differences in growth inhibition zones of DNA repair
competent and DNA repair-impaired organisms are used to detect DNA-damaging 
activity, Bacillus subtilis strains H17 (rec+) and M45 (rec-) were incubated with 2-
methylfuran (No. 1487), 2,5-dimethylfuran (No. 1488) or 2-furyl methyl ketone (No. 
1503) at concentrations up to 55 000 ).lg/disc, with and without metabolic activation 
(Shinohara et al., 1986). 2-Furyl methyl ketone was not active at a concentration of 
550 ).lg/disc but gave positive results at concentrations ;::: 5500 ).lg/disc with and 
without metabolic activation. Likewise, 2,5-dimethylfuran was not active at the lowest 
concentration tested (190 ).lg/disc) with metabolic activation, but gave positive results 
at every concentration tested in the absence of metabolic activation. In contrast, 2-
methylfuran gave negative results with metabolic activation and induced significant 
differences in the zones of inhibition only without metabolic activation. Additionally, 
2-methylfuran and 2-acetylfuran were reported to cleave the double strand of A.
phage DNA in the presence of Cu2+; however, in the absence of a negative control, 
the statistical significance of these results could not be assessed. Furthermore, 
potential concomitant cytotoxicity was not monitored in this study. 
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In order to examine potential genotoxicity in mammalian cells, 2-methylfuran 
(No. 1487), 2,5-dimethylfuran (No. 1488), and 2-furyl methyl ketone (No. 1503) were 
incubated with Chinese hamster ovary cells, which were then evaluated for 
chromosomal aberrations. All three compounds increased the number of chromoso
mal aberrations (statistical significance not specified) in the absence of metabolic 
activation; however, in the presence of metabolic activation, only the clastogenicity 
of 2-furyl methyl ketone was increased, whereas the activities of 2-methylfuran and 
2,5-dimethylfuran were reduced. Additionally, when NADP was not included in the 
activation system, the numbers of chromosomal aberrations observed with 2-
methylfuran and 2,5-dimethylfuran were reduced and the increase in the clastogenic 
activity of 2-furyl methyl ketone in the presence of the activation system was abolished 
(Stich et al., 1981 ). These results suggest that mixed-function oxidases are integral 
in the metabolism of alkyl furan derivatives. 

In the late 1980s, researchers began studying the test conditions (e.g. 
osmolality, ionic strength, low pH) that could increase the frequency of chromosomal 
aberrations and micronuclei in the absence of a direct effect on DNA (Zajac-Kaye & 
Ts'o, 1984; Brusick, 1986; Bradley et al., 1987; Galloway et al., 1987; Seeberg et 
al., 1988; Morita et al., i 989; Scott et al., 1991 ). More recent research indicates that 
extreme culture conditions (hypo- and hyperosmolality and high pH) induce apoptosis 
and necrosis, leading to DNA fragmentation, producing false-positive responses in 
assays for clastogenicity (Meintieres & Marzin, 2004). 

Apoptosis is a type of cell death that occurs under physiological conditions 
or external stimuli, such as DNA-damaging agents, growth factor deprivation or 
receptor triggering. The mechanism of formation of apoptotic cells includes activation 
of cysteine proteases (caspases), leading to increased mitochondrial permeability, 
release of cytochrome cDNA, cleavage and redistribution of phosphatidyl serine to 
the outer layers of the cell membrane, which enhances binding of cells to phagocytes. 
DNA cleavage, due to irreversible activation of endonucleases, is followed by 
chromatin condensation and oligonucleosomal fragmentation resulting from double
strand cleavage of DNA in nucleosomal linker regions (Saraste & Pulkki, 2000). 
During chromatin condensation, the nucleus can split into a number of dense 
micronuclei. Fragmented DNA and chromatin condensation due to apoptotic events 
are not easily distinguished from a direct action of a specific chemical. In view of 
these observations, evidence for chromosomal aberrations must be evaluated in 
the context of the potential for apoptosis to occur under the test conditions. Relatively 
high concentrations (:o; 1923-12 315 !lglml) were used in the study of Stich et al. 
(1981 ), and no information was available on the culture conditions. The results for 
chromosomal aberration and micronucleus induction are difficult to interpret in the 
absence of this information. 

In a study of the effect of oxygen scavengers on cadmium chloride-induced 
chromosomal aberrations in Chinese hamster V79 cells, 96.13 11g/ml of 2,5-
dimethylfuran did not increase the frequency of chromosomal aberrations in 
comparison with control values. When 2,5-dimethylfuran was incubated at the same 
dose with the V79 cells in the presence of cadmium chloride, no reduction in the 
clastogenic capacity of cadmium chloride was observed (Ochi & Ohsawa, 1985). 

A series of assays was conducted to determine the clastogenicity of 0-ethyi
S-furfurylthiocarbonate (No. 1526) in human peripheral lymphocytes. The doses 
used were based on a preliminary evaluation of the mitotic index in the cells. As, 
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generally, a-ethyl S-furfurylthiocarbonate had marked mitogenicity and cytotoxicity, 
only a relatively narrow range of concentrations was used. In the first set of tests, 
with an exposure time of 3 h, the compound did not induce an increase at 
concentrations of 150-350 Jlg/ml with or without metabolic activation. In a trial with 
a 3-h exposure period and with metabolic activation, significant, dose-dependent 
increases in the number of chromosomal aberrations were observed at 
concentrations of 325 and 375 Jlg/ml but not at 150 Jlg/ml. Moreover, after a 24- or 
48-h exposure period, D-ethyl S-furfurylthiocarbonate (at up to 280 Jlg/ml) induced 
dose-dependent, statisti-cally significant increases in the number of chromosomal 
aberrations in the absence of metabolic activation in comparison with a negative 
control (Meerts, 2000). 

In vivo 

As reported in an abstract, no chromosomal aberrations were observed in 
bone-marrow cells or spermatocytes of Swiss albino mice given 2-methylfuran (No. 
1487) in the diet at a concentration of 1000, 2000 or 4000 ppm (approximately 100, 
200 and 400 mg/kg bw per day, respectively) at 24-h intervals for 5 days. Moreover, 
2-methylfuran did not inhibit spindle protein synthesis or cell division in the somatic 
cells. In the germ cells, which were evaluated at weekly intervals for 5 weeks after 
the final dose to cover one full spermatogenetic cycle, no structural sperm-head 
abnormalities were found (Subramanyam et al., 1989). 

In a comparison of the potential clastogenic activity of 2-furyl methyl ketone 
and 2-methylfuran in somatic and germ cells, groups of two Swiss albino mice per 
dose and per sampling time were given the compounds orally at concentrations of 
0, 1000, 2000 or 3000 ppm in 0.5 ml water (approximately 0, 20, 40 and 60 mg/kg 
bw, respectively), either as a single dose or once daily for 5 consecutive days. Bone
marrow cells were collected periodically between 6 and 72 h after the last dose, 
while meiotic and sperm preparations from testes and epididymis, respectively, were 
assessed at 24 h and weekly for 5 weeks after treatment. In bone-marrow cells, 2-
methylfuran inhibited mitosis beginning 18 h after single or multiple doses of the 
highest dose. By 24 h, mitodepression was observed with the single high dose and 
also with multiple intermediate and highest doses. In the multiple-dose protocol, the 
effect remained significant for up to 36 h after treatment. The mitodepression was 
accompanied by a significant increase in the incidence of chromosomal aberrations 
in the bone-marrow cells. Thus, at 3000 pp m, the incidence of structural chromosomal 
aberrations was significantly increased 18-24 h after administration of a single dose 
and 12 and 48 h after the final dose in multiple-dose groups. In animals receiving 
multiple doses of 2-furyl methyl ketone, significant increases in the number of 
chromosomal aberrations were observed at 2000 ppm 24-36 h after treatment. In 
contrast to the dose- and time-dependent increase in chromosomal aberrations in 
somatic cells, only a single statistically significant increase in structural chromosomal 
aberrations was observed in mouse spermatocytes 3 weeks after a single dose of 
2-methylfuran and only at the highest dose. After administration of multiple doses, 
the abnormalities in germ cells were limited to significant increases in polyploidy 
and XY univalents, which occurred at weeks 3 and 4 at the highest dose. No sperm
head abnormalities were observed at any dose, irrespective of the treatment protocol. 
The absence of sperm-head abnormalities at all doses indicates that the substance 
has no spermatoxic activity. The Committee concluded that 2-furyl methyl ketone 
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has only mild clastogenic activity in mouse bone marrow and is not clastogenic in 
germ cells (Sujatha et al., 1993). 

Groups of five NMRI BR mice of each sex per sampling time were given a 
single dose of 0 (vehicle control), 100, 250 or 500 mg/kg bw of 0-ethyl S-(2-
furylmethyl)thiocarbonate (No. 1526) in corn oil by gavage and were killed 24 h 
later. A second group of mice at 500 mg/kg bw and a positive control group were 
killed 48 h after dosing. Bone-marrow smears were prepared from the femurs. No 
increase in the incidence of micronucleated polychromatic erythrocytes was observed 
in bone-marrow cells when compared with controls. The authors noted that cells 
obtained from treated animals did not show a reduction in the ratio of polychromatic 
to normochromatic erythrocytes, indicating that the compound is not cytotoxic 
(Verspeek-Rip, 2001 ). 

Conclusion 

Four of the eight chemicals gave only negative results in tests for genotoxicity, 
and all of the four that gave positive results (Nos 1487, 1488, 1497 and 1503) also 
gave negative results. No. 1487 gave a negative result in vivo, whereas No. 1503 
gave a positive result. 

With a few exceptions, representative agents of this group gave consistently 
negative results in assays for mutation in various strains of S. typhimurium and E. 
coli. Equivocal results were obtained in the rec assay in B. subtilis. In assays for 
genotoxicity in Chinese hamster ovary and V79 cells and human peripherallympho
cytes, the results were inconsistent. Although positive results were reported in the 
assay for chromosomal aberrations in Chinese hamster ovary cells conducted by 
Stich et al. (1981 ), relatively high concentrations (:::; 1923 ).lg/ml) were used, the 
statistical significance of the results was not specified and potential cytotoxicity was 
not monitored. Moreover, positive results in tests for chromosomal aberrations in 
vitro are difficult to interpret in the presence of concomitant cytotoxicity and cell 
cycle delay, which appear to be characteristic of the furan derivatives. Mammalian 
cells in culture might not have enough metabolic capacity to counter this toxicity. In 
fact, with the exception of one assay in which an increase in the clastogenic activity 
of 2-furyl methyl ketone was reported in the presence of metabolic activation (Stich 
et al., 1981; statistical significance not reported), the frequency of chromosomal 
aberrations caused by other representative furan derivatives was reduced in the 
presence of metabolic activation (Stich et al., 1981; Meerts, 2000). Furthermore, 
although positive results were obtained with 2,5-dimethylfuran in Chinese hamster 
ovary cells at high concentrations (Stich et al., 1981 ), the compound was not 
clastogenic when tested at lower concentrations in Chinese hamster V79 cells (Ochi 
& Ohsawa, 1985). 

With regard to assays conducted in vivo, mild clastogenic activity was reported 
in mouse bone-marrow cells treated with 2-furyl methyl ketone at a dose of 40 or 
60 mg/kg bw, accompanied by significant mitodepression after single and multiple 
doses; however, no increases in chromosomal aberration frequency were observed 
in spermatocytes obtained from the same mice (Sujatha et al., 1993), Furthermore, 
the chromosomal aberration frequency was not increased in somatic or germ cells 
in another study with single doses in mice (Subramanyam et al., 1989). The weak 
clastogenic effects achieved statistical significance only after repeated daily exposure 
to near lethal doses. These transient effects declined quickly, as shown by their 
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reduction or absence more than 24 h after exposure. The frequency of micronucleus 
formation in mouse bone-marrow cells was comparable to control values after 
administration of a single dose of 0-ethyl S-furfurylthiocarbonate in another 
experiment (Verspeek-Rip, 2001 ). 

Thus, the results of the tests for genotoxicity and mutagenicity in vitro were 
mixed, positive results being reported less frequently in the presence of metabolic 
activation. This finding argues against the effects being due to CYP450 oxidation to 
ring-opened metabolites. The one positive result for induction of chromosomal 
aberrations in mouse bone marrow in vivo occurred under conditions toxic to the 
bone marrow. The results of tests for chromosomal effects in the bone marrow with 
two other agents were negative. Overall, the data do not provide a clear indication 
that this group of furan-substituted derivatives would be genotoxic, particularly under 
their conditions of use as flavouring agents. Moreover, as noted above, the findings 
in studies of toxicity with the agents that were found to be genotoxic indicate the 
probable absence of carcinogenicity. 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated a group of seven hydroxyallylbenzene flavouring 
agents (Table 1 ), including eugenol (No. 1529}. The evaluations were conducted 
according to the Procedure for the Safety Evaluation of Flavouring Agents (see 
Figure 1, p. 170}. The Committee has evaluated one member of the group previously: 
eugenol (No. 1529) was evaluated at the twenty-sixth meeting (Annex 1, reference 
59), when an ADI of 0-2.5 mg/kg bw was assigned. 

Three of the seven flavouring agents (Nos 1527, 1529 and 1531) have been 
reported to occur naturally in various foods. They have been detected in wheaten 
bread, clove buds, leaves and stems, oregano, tarragon, dill, basil, rosemary, pimento 
leaf and berry, cinnamon bark and leaf, laurel, apples, cherries, whisky and red and 
white wine (Nijssen et al., 2004}. 

-155 -



Table 1. Summary of results of safety evaluations of eugenol and related hydroxyal/ylbenzene derivatives ...... 
g: 

Flavouring agent No. CAS no. and Step A3• Step M StepA5 Comments Conclusion based 
structure Does intake Is the substance Adequate NOEL on current intake 

exceed the or its metabolites for substance or 
threshold for endogenous? related substance? 
human intake? 

Structural class I Ill 
c: 

4-AIIylphenol 1527 501-92-8 No NR NR See notes 1 , 2 No safety concern 
C) 

~ Europe: 0.09" and 3 (conditional) 0 '--Q-oH USA: 0.2" ..... 
:b. 

~ 
2-Methoxy-6-(2-pro- 1528 579-60-2 No NR NR See notes 1 , 2 No safety concern 

:)J 

~ penyl)phenol 
HO 0-

Europe: 0.1 • and 3 (conditional) :b. 

~ 
USA: 0.2• rTI 

0 
::z: 
t§ 

Eugenol 1529 97-53-0 Yes No Yes. The NOEL of 300 See notes 1 , 2 An ADI of 2.5 mg/kg 
:)J 

~ Europe: 1107 mg/kg bw per day (National and 3 bw was established 
~ USA: 3364 Toxicology Program, 1983) for eugenol (Annex 1 , ..... 

~H is> 16 000 and 5000 times reference 59), which ..... 
the estimated daily intakes was maintained at rs 

:::? / Ill 
of 18 11g/kg bw in Europe the present meeting. ~ 
and 56 11g/kg bw in the USA, ~ respectively, when eugenol 

~ is used as a flavouring agent. 
0 

Eugenyl formate 1530 10031-96-6 No NR NR See notes 1, 2, No safety concern m -~ E"'o'" 0.01 3 and 4 § 
- USA: 0.05 :::! 

o=\o-~ 11 - ~ 
(/) 

H 



Table 1 (contd) 

Flavouring agent 

Eugenyl acetate 

Eugenyl isovalerate 

Eugenyl benzoate 

No. CAS no. and Step A3• 
structure Does intake 

exceed the 
threshold for 
human intake? 

1531 93-28-7 

rJ 

--{~ 

No 
Europe: 23 
USA: 90 

1532 61114-24-7 No 

d 

0~~ 
Europe: 0.4• 
USA: 0.5• 

1533 531-26-0 No 
1 Europe: 0.003 

o==(~ USA: 0.9 

0 

StepA4 
Is the substance 
or its metabolites 
endogenous? 

N/R 

N/R 

N/R 

StepA5 
Adequate NOEL 
for substance or 
related substance? 

N/R 

N/R 

N/R 

Comments Conclusion based 
on current intake 

See notes 1, 2, No safety concern 
3 and 4 

See notes 1, 2, No safety concern 
3 and 4 (conditional) 

See notes 1, 2, No safety concern 
3 and 4 

CAS, Chemical Abstracts Service; N/R, not required for evaluation because consumption of the substance was determined to be of no safety 
concern at Step A3 of the Procedure. 
Step 1: All the agents in this group are in structural class I (Cramer et al., 1978). 
Step 2: All the agents in this group can be predicted to be metabolized to innocuous products. 
• The threshold for human intake for structural class I is 1800 Jlg/day. All intake values are expressed in Jlg/day. The combined per capita intake of 

the flavouring agents in structural class I is 1130 Jlg per day in Europe and 3456 Jlg per day in the USA. 
b Intake estimate based on anticipated annual volume of production 
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Table 1 (contd) 

Notes: 
1 . The phenolic hydroxyl group forms a conjugate with glucuronic acid and is readily 

excreted in the urine. 
2. Minor amounts of epoxide are formed on the allyl moiety, which undergoes hydrolysis, 

followed by conjugation and subsequent excretion. 
3. Formation of quinone methide may occur, followed by conjugation with glutathione. 
4. The ester group is hydrolysed by carboxyl esterases. 

1.2 Estimated daily per capita exposure 

Annual volumes of production have been reported for four of the seven 
flavouring agents in this group (Nos 1529-1531 and 1533). For the remaining three 
substances (Nos 1527, 1528 and 1532), anticipated annual volumes of production 
have been given for their proposed use as flavouring agents. The total reported and 
anticipated annual volumes of production of eugenol and the six related hydroxyallyl
benzenes is about 7925 kg in Europe (International Organization of the Flavor 
Industry, 1995) and 26 227 kg in the USA (National Academy of Sciences, 1982, 
1987; Lucas et al., 1999). Approximately 98% of the total reported and anticipated 
annual volume of production in Europe and approximately 97% of that in the USA is 
accounted for by eugenol (No. 1529). The estimated per capita exposure to eugenol 
is 1107 ~-tg/day in Europe and 3364~-tg/day in the USA. The estimated per capita 
exposure to all the other flavouring agents in the group (Nos 1527, 1528, 1530-
1533), on the basis of reported or anticipated annual volumes of production, is 0.003-
23~-tg/day in Europe and 0.05-90 11g/day in the USA (National Academy of Sciences, 
1982, 1987; International Organization of the Flavor Industry, 1995; Lucas et al., 
1999), most of the values being at the lower end of the ranges. The estimated per 
capita exposure to each flavouring agent is reported in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

In humans and rodents, orally administered eugenol and related 
allylhydroxyphenol derivatives are rapidly absorbed from the gastrointestinal tract 
and efficiently extracted by the liver, where they mainly undergo phase 11 conjugation. 
The resulting glucuronide and sulfate conjugates are subsequently excreted in the 
urine. To a lesser extent, eugenol is metabolized to polar products, some of which 
are more reactive than the parent molecule. These products are also conjugated 
and eliminated, primarily in the urine. Minute amounts(< 1 %) of eugenol are excreted 
unchanged. The primary urinary metabolites of the other agents containing an 
unsubstituted phenolic group also form glucuronic acid and sulfate conjugates. 
Eugenyl esters are hydrolysed to eugenol and the corresponding carboxylic acid. 
These metabolites are readily excreted, primarily in the urine. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported and 
an anticipated volume of production were given, the Committee based its evaluation 
on the reported volume of production if the intake estimated from it exceeded the 
intake estimated from the anticipated volume of production, and applied no conditions 
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Table 2. Annual volumes of production of eugenol and related hydroxyallyl
benzene derivatives used or proposed for use as flavouring agents in Europe 
and the USA 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day 11g/kg bw foods (kg)c 
volume (kg) per day 

4-AIIylphenol (No. 1527) 
Europe• 0.6 000 0.001 
USA" 0.6 0.1 0.002 + NA 

2-Methoxy-6-(2-propenyl)phenol (1528) 
Europe• 1 0.1 0.002 
USA" 1 0.2 0.003 NA 

Eugenol (No. 1529) 
Europe 7 761 1107 18 
USA 25 537 3364 56 139 422 5 

Eugenyl formate (No. 1530) 
Europe 0.1 000 0.0002 
USA' 0.3 000 0.001 NA 

Eugenyl acetate (No. 1531) 
Europe 159 23 0.4 
USA 680 90 1 19 228 28 

Eugenyl isovalerate (No. 1532) 
Europe• 3 0.4 0.007 
USA" 3 0.5 0.009 NA 

Eugenyl benzoate (No. 1533) 
Europe 0.02 0.003 0.00005 
USA' 5 0.9 000 NA 

Total 
Europe 7 925 
USA 26 227 

NA, not available; NO, no intake data reported; + reported to occur naturally in foods 
(Njissen et al., 2004), but no quantitative data;-. not reported to occur naturally in foods 
a From International Organization of the Flavor Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1982, 1987) 
b Intake (llg/person per day) calculated as follows: [(annual volume, kg) x (1 x 109 11g/kg)/ 

(population x survey correction factor x 365 days)], where population (1 0%, 'eaters only') = 
32 x 1 os for Europe and 26 x 1 os for the USA; where survey correction factor= 0.6 for 
Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of the 
annual flavour volume, respectively, was reported in poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999; National Academy of 
Sciences, 1982) or in the anticipated annual volume. 
Intake (llg/kg bw per day) calculated as follows: [(llg/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 and Grundschober (1987) 
d The consumption ratio is calculated as follows: (annual consumption from food, kg)/(most 

recent reported volume as a flavouring substance, kg) 



160 EUGENOL AND RELATED HYDROXY ALL YLBENZENE DERIVATIVES 

Table 2 (contd) 

• The volume cited is the 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, 
1987; Lucas et al., 1999), if applicable, revealed no reported use as a flavour agent. 

' Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1982) 

to its decision on safety. If the intake estimated from the anticipated volume of 
production exceeded the intake estimated from the reported volume of production, 
the Committee based its evaluation on the anticipated volume of production but 
considered its decision on safety to be 'conditional', pending receipt of information 
on use levels or poundage data by December 2007. In applying the Procedure to 
flavouring agents for which only anticipated volumes of production were given, the 
decision was likewise made conditional. 

Step 1. In applying the Procedure, the Committee assigned all seven agents (Nos 
1527-1533) to structural class I (Cramer et al., 1978). 

Step 2. All the flavouring agents in this group are predicted to be metabolized to 
innocuous products. The evaluation of all the agents in this group therefore 
proceeded via the A-side of the procedure. 

Step A3. The estimated daily per capita exposure to six of the seven flavouring 
agents in structural class I is below the threshold of concern (i.e. 1800 11g/ 
day). Three of these six substances (Nos 1530, 1531 and 1533) are 
reported to be used as flavouring agents; according to the Procedure, 
use of these three agents raises no safety concern at the estimated daily 
exposure. The other three substances (Nos 1527, 1528 and 1532) are 
proposed for use as flavouring agents. Although, according to the 
Procedure, use of these three agents raises no safety concern at the 
exposure estimated on the basis of the anticipated annual volumes of 
production, less uncertain exposure estimates are needed. The estimated 
daily exposure to the remaining agent in this group, eugenol (No. 1529), 
which is 11 07 11g per person per day in Europe and 3364 11g per person 
per day in the USA, exceeds the threshold of concern for class I. 
Accordingly, the evaluation of eugenol proceeded to step A4. 

StepA4. Eugenol and its metabolites are not endogenous. Accordingly, the 
evaluation of this agent proceeded to step A5. 

StepA5. At its twenty-sixth meeting, the Committee established an ADI of 
0-2.5 mg/kg bw per day for eugenol on the basis of the results of a 19-
week study in rats (Annex 1, reference 59). At its current meeting, the 
Committee considered the results of a bioassay in rodents (National 
Toxicology Program 1983), in which the NOEL was 300 mg/kg bw per 
day. This NOEL for eugenol, which is consistent with the previous 
evaluation leading to the ADI, is more than 16 000 and 5000 times the 
estimated daily exposure to eugenol from its use as a flavouring agent in 
Europe (18 11g/kg bw) and the USA (56 11g/kg bw), respectively. The 
Committee therefore concluded that eugenol would not present a safety 
concern at the estimated daily exposure. 
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Considerations on exposure and other information used to evaluate eugenol 
and the six related hydroxyallylbenzene derivatives according to the Procedure are 
summarized in Table 1. 

1.5 Consideration of secondary components 

One member of this group of flavouring agents, eugenyl formate (No. 1530), 
has an assay value of < 95%. The secondary component in No. 1530, eugenyl 
formate, is eugenol (No. 1529), which was evaluated at the present meeting and 
considered not to present a safety concern at estimated current levels of exposure. 

1.6 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all seven agents in structural class I were to be 
consumed concurrently on a daily basis, the estimated combined exposure would 
exceed the human exposure threshold for class I (i.e. 1800 11g per person per day). 
All seven agents in this group are, however, expected to be efficiently metabolized 
and would not saturate metabolic pathways. Moreover, combined exposure to all 
seven agents would be well below the ADI of Q-2.5 mg/kg bw for eugenol. Overall 
evaluation of the data indicates that combined exposure would not raise concerns 
about safety. 

1. 7 Conclusions 

The Committee maintained the previously established ADI of 0-2.5 mg/kg 
bw for eugenol. it concluded that use of the flavouring agents in the group of eugenol 
and related hydroxyallylbenzene derivatives would not present a safety concern at 
the estimated exposure. For three flavouring agents (Nos 1527, 1528 and 1532), 
the evaluation was conditional because the estimated exposure was based on 
anticipated annual volumes of production. The conclusion of the safety evaluation 
of these three agents will be revoked if use levels or poundage data are not provided 
by December 2007. The Committee noted that the available data on the toxicity and 
metabolism of the hydroxyallylbenzenes are consistent with the results of the safety 
evaluation with the Procedure. 

2. RELEVANT BACKGROUND INFORMATION 

2.1 Explanation 

The relevant background information summarizes the key scientific data 
applicable to the safety evaluation of eugenol and six related hydroxyallylbenzene 
derivatives used as flavouring agents (see Table 1 ). 

2.2 Additional considerations on exposure 

Quantitative data on natural occurrence and consumption ratios have been 
reported for two agents in this group, eugenol (No. 1529) and eugenyl acetate (No. 
1532), which indicate that exposure occurs predominantly from traditional foods 
(i.e. consumption ratio > 1) (Stofberg & Kirschman, 1985; Stofberg & Grunschober, 
1987) (Table 2). The exposure to eugenol and eugenyl acetate from consumption of 
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traditional foods exceeds their intakes as added flavouring substances by a factor 
of at least 1 0 000 (Stofberg & Kirschman, 1985; Stofberg & Grunschober, 1987). 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Hydrolysis 

This group includes four eugenyl esters that are anticipated to undergo ester 
hydrolysis in gastric juice and intestinal fluid. In general, aromatic esters are 
hydrolysed in vivo through the catalytic activity of carboxylesterases, the most 
important of which are the A-esterases (Heymann, 1980). Carboxylesterases are 
found in the endoplasmic reticulum of most mammalian tissues (Hosokawa et al., 
2001 ); however, they occur predominantly in hepatocytes (Heymann, 1980; Graffner
Nordberg et al., 1998; Hosokawa et al., 2001 ). 

Eugenyl acetate undergoes rapid hydrolysis to eugenol and acetic acid within 
20 min of incubation with rat hepatocytes (100%), hepatic microsomes (100%), 
blood (87%) or plasma (72%) and with human hepatic microsomes (79-91%), blood 
(1 00%) and plasma (86%) (Castro et al., 2004). The maximum velocities and binding 
constants listed in Table 3 indicate that eugenyl acetate has similar rates of hydrolysis 
in rodents and humans (see Figure 1 ). 

In a study of the hydrolysis of the structurally related ester, phenyl acetate1, 

with pig liver carboxylesterase, the Km and Vmax values for phenyl acetate were 
reported to be 0.43 mmol/1 and 438 ~-tmol/min per mg protein, respectively, at a 
substrate concentration of 0.2-3 mmol/1 phenyl acetate (Junge & Heymann, 1979). 
A second phenolic ester, ortho-tolyl acetate (ortho-methylphenyl acetate) was 60% 
hydrolysed in vitro after incubation with pancreatin for 2 h at 37 ac (Grundschober, 
1977). Phenyl2-hydroxybenzoate (phenyl salicylate) was hydrolysed to phenol and 
2-hydroxybenzoic acid in humans (Fishbeck et al., 1975). A male volunteer was 
given one 90-mg capsule of phenyl salicylate per hour for 8 h, and urine was collected 
every 8 h for 72 h after the first dose. Analysis of total urinary phenol (phenol and its 
conjugates) showed a peak of 472 ppm (5 mmol/1 phenol) during the second collection 
period; the level of free urinary phenol peaked at 25 ppm (0.3 mmol/1 phenol) during 
the same period. By 60 h after the first dose, both total and free urinary phenol 
levels had returned to baseline levels (8 and 1 ppm, respectively). 

Table 3. Kinetics of the hydrolysis of eugenyl acetate 

Subcellular fraction 

Rat hepatic microsomes 
Human male hepatic microsomes 
Human female hepatic microsomes 

From Castro et al. (2004) 

V max (nmol/min 
per mg protein) 

3829 
3656 
2748 

Km~mol/1) 

96.6 
88.6 
51.9 

Vmax1Km (ml/min) 

39.6 
41.3 
52.9 
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Figure 1. Hydrolysis of eugenyl esters 
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These findings for eugenyl acetate itself and structurally related acetate esters 
of phenol derivatives indicate that eugenyl esters (eugenyl formate, eugenyl acetate, 
eugenyl isovalerate and eugenyl benzoate) are rapidly hydrolysed in simulated 
intestinal fluid, hepatocytes and blood to form eugenol and the corresponding 
carboxylic acid (see Figure 2). Once hydrolysed, the resulting aromatic phenols and 
carboxylic acids are readily absorbed and metabolized by well-recognized 
biochemical pathways. 

Figure 2. Human metabolism of eugenol 
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(b) Absorption, distribution and elimination 

In humans and rodents, orally administered eugenol and related allylhydroxy
phenol derivatives are rapidly absorbed from the gastrointestinal tract and undergo 
mainly phase-II conjugation and subsequent excretion in the urine. To a lesser extent, 
eugenol is metabolized to polar products, which are also conjugated and eliminated 
primarily in the urine. Minute amounts(< 1%) of eugenol are excreted unchanged. 
The main urinary metabolites of eugenol are the glucuronic acid and sulfate 
conjugates of the phenolic hydroxyl group. 

Four healthy male and four female volunteers (weighing 52-86 kg) were 
given three gelatine capsules, each containing 50 mg of eugenol (total dose, 150 mg; 
1.7-2.9 mg/kg bw) with a normal breakfast (tea and two biscuits). Urine was collected 
3, 6, 12 and 24 h after administration, and venous blood was sampled at 0, 15, 20, 
25, 30, 40, 50, 60, 80, 1 00 and 120 min. In all body fluids analysed, eugenol was 
found predominantly in the conjugated form. Within 3 h, 71.3% (mean value for 
three volunteers) of the 150-mg dose was accounted for in the urine as conjugated 
eugenol or conjugated metabolites of eugenol. After 6 and 24 h, > 87% and 94%, 
respectively, of the dose had been excreted in the urine (Fischer et al., 1990). 

Like humans, rodents also rapidly absorbed, metabolized and excreted 
eugenol given orally or by intraperitoneal injection. An unspecified number of female 
Wistar rats were given 0.5, 5, 50 or 1000 mg/kg bw of 14C-ring-labelled eugenol in 
trioctanoin by stomach tube. More than 75% of the administered radiolabel was 
present in pooled 72-h urine, while 1 0% was found in pooled faeces. The 24-h urine 
contained mainly glucuronic acid and sulfate conjugates, the sulfate conjugates 
predominating at low doses and the glucuronic acid conjugates at 1 000 mg/kg bw 
(Sutton et al., 1985). 

Excretion of 50 mg/kg bw of 14C-eugenol was essentially complete within 
24 h in four female Wistar rats treated by intraperitoneal administration and in eight 
female Fischer 344 rats given the compound in trioctanoin by gavage. Excretion in 
the urine (91.2 ± 4.3% and 75.1 ± 9.4% for the intraperitoneal and oral routes, 
respectively) far exceeded that in the faeces (3.9 ± 1.6% and 7.4 ± 5.0%, respectively). 
The pattern of absorption and excretion observed was similar to that in mice. Eight 
CD-1 mice given 50 mg/kg bw of eugenol by intraperitoneal injection excreted 76.3 
± 4.1% and 4.9 ± 2. 7% in 24-h urine and faeces, respectively (Sutton, 1986). 

Rapid distribution to all organs, with tissue concentrations reaching 
10-20 ng/mg of tissue, was observed in male Wistar rats given a single dose of 
450 mg/kg bw 14C-eugenol by intraperitoneal injection. Higher levels of radioactivity 
were reached in circulating erythrocytes than in sera, which showed a significant 
reduction in radioactivity 4 h after dosing. Less than 1% of the total radioactivity 
administered was eliminated as exhaled 14C02 (Weinberg et al., 1972). 

When 500 mg of eugenol in sesame oil were administered to rats by gavage 
(about 1250 mg/kg bw), the compound was detected in the stomach, intestines and 
faeces, with lesser amounts in the liver and kidneys. Similar results were obtained 
after 1500, 2500 or 5000 mg of eugenol in sesame oil (about 750, 1250 and 
2500 mg/kg bw, respectively) were administered to rabbits by gavage. Eugenol was 
detected mainly in the stomach, intestines and urine of rabbits at all dose, and in the 
lungs, liver, kidneys, muscle and blood of animals at 2500 mg/kg bw (Schroder & 
Vollmer, 1932). 
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Groups of eight male Donyu rats were given a single oral dose of 0 or 200 mg 
eugenol (about 500 mg/kg bw) in olive oil, and urine was collected at 12-h intervals. 
The 0-12-h and 12-24-h urine samples contained more glucuronides (45.4 ± 13.2 
and 42.9 ± 9.1 mg of total glucuronic acid/12 h per rat) than the 0-12-h urine sample 
from control rats (1 0.9 ± 4.9 mg/12 h per rat). The excess amount of glucuronides 
was considered to be due to excretion of eugenol glucuronides. Therefore, orally 
administered eugenol undergoes rapid glucuronic acid conjugation and excretion in 
rats (Yuasa, 1974). 

In conclusion, eugenyl esters are hydrolysed to eugenol and the correspon
ding carboxylic acid. Eugenol is then absorbed and undergoes rapid first-pass phase-
1 and -11 metabolism in the liver. These metabolites are readily excreted, mainly in 
the urine and, to a lesser extent, in faeces. 

(c) Metabolism 

Eugenol and other hydroxyallylbenzene derivatives have several metabolic 
options for detoxication. The results of studies in humans indicate that most eugenol 
is rapidly conjugated with glucuronic acid or sulfate (Sutton, 1986; Fischer et al., 
1990). To a much lesser extent, eugenol undergoes (1) isomerization to yield 
isoeugenol, which can then undergo allylic oxidation and reduction of the double 
bond; (2) epoxidation of the allyl double bond to yield an epoxide, which is hydrolysed 
to the corresponding diol and, subsequently, can be oxidized to the corresponding 
lactic acid derivative; (3) conjugation of glutathione (GSH) with a quinone-methide
type intermediate and ( 4) hydroxylation at the allyl position to yield 1 '-hydroxyeugenol. 
As all these metabolites have a free phenolic OH group or other polar oxygenated 
functional groups, they readily conjugate with glucuronic acid or sulfate and are 
excreted in urine. In humans, 95% of ingested eugenol is excreted in conjugated 
form in the urine within 24 h (Fischer et al., 1990). 

The metabolism of eugenol was investigated in four healthy male and four 
female volunteers, who received a 150-mg oral dose of eugenol in three gelatin 
capsules, each containing 50 mg of eugenol, after a normal breakfast. Within 24 h, 
> 55% of the administered dose had been excreted in the urine as the glucuronic 
acid or sulfate conjugate of eugenol. Other conjugated metabolites identified in the 
urine included cis- and trans-isoeugenol (7%), formed by isomerization of the double 
bond; 3-(4-hydroxy-3-methoxyphenyl)propane, formed by reduction of either eugenol 
or isoeugenol; and 3-(4-hydroxy-3-methoxyphenyl)propionic acid (4.6%), presumably 
formed by allylic hydroxylation of isoeugenol, followed by NADH-dependent 
enzymatic reduction of the double bond. Conjugated metabolites formed from 
epoxidation of eugenol included eugenol epoxide (1.6%), the corresponding diol 
(3%) and the 2-hydroxypropionic acid derivative, 2-hydroxy-3-(4-hydroxy-3-methoxy
phenyl}propionic acid (3.3%), formed by oxidation of the diol primary alcohol. 
Tentatively identified metabolites included a thiophenol (11 %) metabolite, presumably 
formed by GSH conjugation at an aromatic ring position, and a trace(< 1 %) of 1 '
hydroxyeugenol, formed by allylic hydroxylation at the benzylic position. Conjugated 
urinary metabolites accounted for 95% of the administered dose, while unconjugated 
eugenol accounted for> 0.1% (see Figure 2). The authors concluded that eugenol 
undergoes rapid first-pass conjugation and rapid elimination, only a small fraction 
participating in isomerization, epoxide-diol, GSH conjugation or benzylic hydroxylation 
pathways. They indicated that the short residence time of eugenol in the body might 
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explain the absence of toxic effects in numerous studies on eugenol (Fischer et al., 
1990). 

Two male volunteers (weighing 93 and 95 kg) received 0.6 mg of 14C-eugenol 
(about 6.41-!g/kg bw) in the form of a gelatin capsule, which was taken orally with 
water. Within 24 h, 94-1 03% of the radioactivity was accounted for in the urine; 
none was found in faeces. Over 85% of the radioactivity in 24-h urine was accounted 
for by glucuronic acid and sulfate conjugates of eugenol, the glucuronic acid 
conjugates predominating. Minor amounts (2% each) of the corresponding diol 3-
( 4-hydroxy-3-methoxyphenyl)propane-1 ,2-diol and alcohol3-( 4-hydroxy-3-methoxy
phenyl)propane-2-ol were also detected. Unlike other hydroxyallylbenzene 
derivatives, which generally undergo oxidative metabolism at the allyl moiety, eugenol 
undergoes reductive metabolism and its conjugates are rapidly eliminated, which 
could explain its lack of toxicity (Sutton, 1986). 

In rodents, the metabolic fate of eugenol appears to be similar to that in 
humans. The 24-h urine of eight female Wistar rats given 0.5, 5, 50 or 1000 mg/kg 
bw of 14C-ring-labelled eugenol in trioctanoin by stomach tube contained glucuronic 
acid and sulfate conjugates of eugenol, the 0-demethylation metabolite, 3,4-
dihydroxypropylbenzene and the reduced metabolite, 3-methoxy-4-hydroxypropyl
benzene. At the three lower doses, sulfate conjugates were the main metabolites, 
while at the highest dose glucuronic acid conjugates predominated. No reduction 
or demethylation metabolites (i.e. 3,4-dihydroxypropylbenzene and 3-methoxy-4-
hydroxypropylbenzene) were detected at the highest dose (Sutton et al., 1985; Sutton, 
1986). 

To investigate the origin of the reduction and 0-demethylation metabolites, 
10 mg of 14C-eugenol were incubated with rat caecal contents under anaerobic 
conditions. Formation of both reduction and 0-demethylation metabolites suggested 
that the gut microflora are involved. Furthermore, the fact that no 0-demethylation 
metabolites were found when eugenol was administered to germ-free Fischer 344 
or Wistar rats pre-treated with antibiotics supports the conclusion that reduction and 
0-demethylation are mediated by gut microflora in rats (Sutton, 1986). 

In a study to determine species-specific metabolism, 50 mg/kg bw of 14C
eugenol were administered by gavage to female Wistar rats or injected intraperito
neally to CD-1 mice. Analysis of the urine showed that mice and rats excreted> 80% 
as glucuronic acid and sulfate conjugates. Mice excreted 27 ± 2.7% as sulfate 
conjugates and 53 ± 3.5% as glucuronic acid conjugates, while rats excreted 55± 
3.3% as sulfate conjugates and 25 ± 3.8% as glucuronic acid conjugates (Sutton, 
1986). 

In a study of time-dependent changes in hepatic UDP-glucuronosyltransferase 
(UDPGT) activity, groups of eight male Donyu rats were given a single dose of 0 or 
200 mg of eugenol (about 500 mg/kg bw) orally. Rats were killed at 12-h intervals up 
to 72 h, with collection of 12-h urine from two rats per group just before sacrifice. 
Excretion of 0-glucuronic acid conjugates (ether glucuronides) peaked at 24 h, and 
excretion of total glucuronic acid conjugates peaked during the first 24 h after 
administration. Body weights, liver weights and hepatic UDPGT activity were 
measured. UDPGT activity increased between 12 and 48 h, maximal activity being 
observed at 48 h (0.277 ± 0.030 1-1mol/min per mg protein when compared with 
controls (0.169 ± 0.035 1-1mol/min per mg protein). The increase in UDPGT activity 
was accompanied by an increase in the relative weight of the liver, which is indicative 
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of a slow inductive adaptation of UDPGT to the large bolus dose of eugenol. Most of 
the UDPGT activity in the liver was localized in the microsomal fraction (Yuasa, 
1974). 

The studies in humans indicate that the majority of an oral dose of eugenol is 
conjugated with glucuronic acid or sulfate and excreted in the urine. Minor metabolic 
pathways include oxidation to the corresponding epoxide, followed by hydrolysis to 
the diol and then further oxidation; isomerization, followed by allylic oxidation and 
then reduction; and reduction of the alkene or 1 '-hydroxylation (trace). All these 
metabolites have a free phenolic OH and are readily conjugated and excreted in the 
urine. Essentially all ingested eugenol (> 95%) is excreted as glucuronic acid or 
sulfate conjugates in the urine. The metabolism in rodents (mainly rats) is qualitatively 
and quantitatively similar to that in humans. 

Conjugation of eugenol 

Various studies have been undertaken to characterize more completely each 
of the metabolic pathways used by eugenol. Given the importance of phase-11 
glucuronic acid conjugation in the overall metabolism of eugenol, studies have been 
performed in vitro and in vivo-in vitro on UDPGT activity. In a study involving inhalation 
of eugenol, olfactory mucosa, olfactory bulb homogenate and brain tissue 
homogenate from male Wistar rats were incubated with 1 mmol/1 of eugenol. The 
olfactory mucosa showed more glucuronic acid conjugation activity than olfactory 
bulb homogenate and brain tissue homogenate (Leclerc et al., 2002). 

In general, phenolic hydroxyl moieties are poor substrates for UDPGT 1.4 
protein but are excellent substrates for UDPGT 1.6 or 1.7 proteins (Wooster et al., 
1993; Senafi et al., 1994; Green & Tephly, 1996). Cloned human bilirubin UDPGT 
1.4 protein had low catalytic activity towards eugenol (9 pmol/min per mg protein), 
with a high Km (1570 11mol/l) and a low Vmax (4.8 pmol/min per mg protein) (Green & 
Tephly, 1996). 

In a study of the heterogeneity of hepatic microsomal UDPGT activity, strains 
of rats with active (Wistar) and reduced (Gunn) UDPGT activity, as well as guinea
pigs, were studied. UDPGT activity was induced by either phenobarbital or 3-
methylcholanthrene. Groups of four Wistar or Gunn rats were given either 80 mg/kg 
bw of phenobarbital or vehicle (saline solution) by intraperitoneal injection daily for 
4 days. Groups of Wistar rats also received a single dose of 80 mg/kg bw of 3-
methylcholanthrene or vehicle (corn oil) on day 1 only. All rats were killed on day 5. 
Groups of four male guinea-pigs received 20-40 mg/kg bw of phenobarbital daily 
for 9 days and were then killed. Liver microsomes isolated from all three groups of 
animals were incubated with 0.175-0.25 mmol/1 eugenol, and UDPGT activity was 
measured. In Wistar rats, UDPGT activity increased approximately twofold with 
phenobarbital treatment and threefold with 3-methylcholanthrene treatment as 
compared with the activities of the respective control groups. The ratio of UDPGT 
activity in Gunn to Wistar rats was 0.6 for the control group and 1.2 for the 
phenobarbital-treated group, demonstrating the enhancement of UDPGT activity 
with phenobarbital pre-treatment. UDPGT activity increased approximately twofold 
in phenobarbital-treated guinea-pig livers incubated with 0.175 mmol/1 eugenol. In a 
previous study, when eugenol (0-0.5 mmol/1) was incubated with male Wistar rat 
liver microsomes to assay UDPGT activity, there was a 1-min latency, which 
disappeared after activation with Triton X-100 (Boutin et al., 1983). 
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Oxidation and glutathione conjugation 

Studies have been undertaken to evaluate the involvement of cytochrome 
P450 (CYP450) oxidation and subsequent GSH conjugation in the metabolism of 
eugenol. Most of these experiments were intended to evaluate the mechanism of 
action and potential toxicity of eugenol. 

When male ddY mice were treated with 400 or 600 mg/kg bw of eugenol in 
olive oil by gavage, there was no evidence of hepatotoxicity, as indicated by the 
absence of changes in relative liver weight, liver blood volume and serum alanine 
aminotransferase (AL T) activity. Mice receiving 4 m mol/kg bw of the GSH inhibitor 
buthionine sulfoximine (BSO) by intraperitoneal injection 1 h before administration 
of 400 or 600 mg/kg bw of eugenol, however, showed significant increases in relative 
liver weights, serum AL T activity and volume of blood in the liver (indicative of hepatic 
congestion) 3 h after administration of 600 mg/kg bw in comparison with a control 
group receiving saline or olive oil. Additionally, the mortality of rats treated with BSO 
and 600 mg/kg bw eugenol was increased, although not statistically significantly. 
Gross examination showed marked enlargement and uniform or spotted dark-reddish 
colouration of the livers of mice receiving BSO and 600 mg/kg bw eugenol. 
Histologically, the centrilobular sinusoidal spaces were congested and vacuolation 
was observed near Glisson capsule. The livers of mice that survived 24 h after 
treatment showed marked necrosis in the centrilobular region. The livers of mice 
receiving eugenol at 600 mg/kg bw alone or BSO alone showed no liver pathological 
changes (Mizutani et al., 1991 ). 

The effect of microsomal P450-dependent monooxygenase inhibitors on the 
hepatotoxicity of a high dose of eugenol (600 mg/kg bw) was evaluated in mice 
treated with the CYP450 inhibitors carbon disulfide methoxsalen or piperonyl butoxide 
together after administration of BSO. Treatment with carbon disulfide (50 mg/kg bw) 
resulted in complete protection against the hepatotoxicity seen in mice pre-treated 
with BSO and then given eugenol. Methoxsalen (50 mg/kg bw) partially prevented 
the increase in serum ALT activity reported after combined BSO and eugenol 
treatment, and it completely protected against increases in relative liver weight and 
hepatic congestion. Piperonyl butoxide (400 mg/kg bw} also suppressed BSO
eugenol-induced hepatotoxicity, although not as effectively as the other two inhibitors 
(Mizutani et al., 1991 ). 

Pre-treatment of mice with phenobarbital, an inducer of CYP450 enzymes, 
enhanced the toxicity of eugenol administered in combination with BSO, increasing 
the relative liver weights and causing hepatic congestion and increased serum ALT 
activity. In the absence of BSO, phenobarbital-pre-treated mice showed no significant 
increases in any of the indicators of hepatotoxicity after dosing with 400 mg/kg bw 
of eugenol. Pre-treatment of mice with the CYP450 inhibitor b-naphthoflavone 
prevented an increase in serum ALT activity in mice treated with BSO and 
subsequently with 400 mg/kg bw eugenol; however, none of the indicators of 
hepatotoxicity was suppressed at 600 mg/kg bw of eugenol. The authors suggested 
that b-naphthoflavone acts by stimulating detoxicating pathways of eugenol 
metabolism at lower doses of this compound. These results suggest that a metabolite 
of eugenol formed by a CYP450-mediated reaction conjugates with GSH (Mizutani 
et al., 1991). 

In a study of metabolism in vitro, eugenol (1 mmol/1) was incubated with rat 
liver and lung microsomes in the presence of an NADPH-regenerating system. Two 
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of three metabolites detected were identified as GSH conjugates2. The third 
metabolite was also presumed to be a GSH conjugate, but its structure was not 
deduced. The amount of GSH conjugates formed increased linearly with increasing 
microsomal protein concentrations up to 1 mg/ml. After 90 min of incubation with 
1 mg/ml of protein, about 2.8% eugenol was isolated as GSH conjugates. Omission 
of the NADPH-generation system or use of heat-inactivated microsomes completely 
inhibited the formation of GSH conjugates, which suggests that the formation of 
GSH conjugates is enzyme-mediated. Addition of the CYP450 inhibitors metyrapone, 
SKF525-A, piperonyl butoxide or ~-naphthoflavone inhibited the formation of GSH 
conjugates by 73-88%. Furthermore, the reaction was shown to be 0 2-dependent, 
as it did not proceed in the presence of N2 (i.e. 92% inhibition of conjugate formation). 
Pre-treatment of rats with the CYP450 enzyme inducer 3-methylcholanthrene 
increased the rate of liver microsome formation of GSH conjugates (0.66 ± 0.05 
versus 1.34 ± 0.06 nmol/min per mg). Incubation of eugenol with rat lung or liver 
microsomes resulted in the generation of reactive intermediates, as indicated by 
increased protein binding; however, addition of GSH to the incubation mixture 
inhibited the binding of eugenol to protein. Conjugation of GSH with this reactive 
intermediate was not affected by either GSH concentration or the presence of 
exogenous GSH transferase, suggesting that the conjugation reaction is not enzyme
mediated. Oxidation of 0.5 mmol/1 eugenol in the presence of cumene hydroperoxide 
{added to prevent NADPH interference) resulted in increased absorbance of ultra
violet radiation at 350 nm, which, according to the authors, corresponds to the 
formation of a eugenol quinone methide intermediate {Thompson et al., 1990). 

In other studies of the CYP450 oxidation-GSH conjugation pathway (see 
Figure 3), concentration- and time-dependent indicators of cytotoxicity were reported 
when freshly isolated rat hepatocytes were incubated with 0, 0.5, 1 or 1.5 mmol/1 of 
eugenol. At each concentration tested, onset of cell death was observed after 2 h, 

Figure 3. Oxidative metabolism of eugenol 
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preceded by blebbing of cellular membranes. Cell death was inhibited when 1 mmol/1 
of eugenol was incubated with rat hepatocytes in the presence of 1 mmol/1 of N
acetylcysteine. Cellular GSH was depleted by eugenol to less than 30% of control 
values by 2 h, while control cells showed significant depletion of GSH only after 4 h; 
until that time, GSH levels were maintained at 90%. Addition of 1 mmol/1 of N
acetylcysteine prevented the eugenol-induced depletion of GSH. In hepatocytes 
depleted of GSH by the addition of diethylmaleate, cytotoxicity was observed 2 h 
before the onset of cytotoxicity in control cells exposed to eugenol only. Covalent 
binding of radiolabelled eugenol to cellular protein occurred at a linear rate up to 3 h 
after incubation; however, addition of N-acetylcysteine inhibited covalent binding for 
up to 3 h. Thereafter, N-acetylcysteine was depleted, allowing covalent binding to 
occur. The three metabolites isolated after 5 h of incubation of 1 mmol/1 of eugenol 
with rat hepatocytes were identified as the glucuronic acid, GSH and sulfate 
conjugates, the glucuronic acid conjugate predominating (i.e. 200 nmol of eugenol 
glucuronide formed and 25 nmol of each of the other two conjugates) (Thompson et 
al., 1991). 

To study the effect of eugenol on drug-metabolizing enzymes such as CYP450 
and UDPGT, male Wistar rats were given 250, 500 or 1000 mg/kg bw per day of 
eugenol in corn oil by gavage for 1 0 days. The animals were necropsied 24 h after 
the last dose, their livers were excised, blood samples were collected and liver 
microsomes and cytosolic fractions were isolated. No statistically significant changes 
in body weight, relative liver weight, haematological indices, plasma ALT or aspartate 
aminotransferase activities or total liver CYP450 content were seen in comparison 
with controls. Eugenol induced dose-dependent increases in 7-ethoxyresorufin 0-
deethylation and 7-pentoxyresorufin 0-depentylation activities, which became 
statistically significant at 1000 mg/kg bw per day (i.e. 2.5 and 3.4 times that of 
controls, respectively); these increases are indicative of CYP1 A and CYP2B induction. 
Increased UDPGT activity towards 4-hydroxybiphenyl was observed in rats treated 
with 500 or 1000 mg/kg bw per day of eugenol (2.3- and 3.2-fold, respectively). 
Additionally, UDPGT activity towards 4-chlorophenol was significantly increased (1.6-
to 3.1-fold) in all rats treated with eugenol. In the liver cytosol of rats treated with 
eugenol, a dose-dependent increase in GSH transferase activity was reported, which 
became statistically significant at 500 mg/kg bw per day (i.e. 1.3- and 1.5-fold 
induction at 500 and 1000 mg/kg bw per day, respectively). The authors proposed 
that the main metabolic pathway induced by eugenol involves phase-11 electrophile 
processing enzymes (Rompelberg et al., 1993). 

When male Wistar rats were given an oral dose of 500 or 1 000 mg/kg bw per 
day of eugenol in corn oil for 10 days, minimal but significant increases (1.2- and 
1.3-fold, respectively) in GSH transferase activity towards 1-chloro-2,4-dinitrobenzene 
(p < 0.01) were reported in comparison with vehicle controls. The total CYP450 
content of liver microsomes of rats treated with eugenol was comparable to that of 
controls; however, testosterone hydroxylation at the 16~ site, but not at the 16a site, 
was significantly enhanced at 1 000 mg/kg bw per day. Both sites reflect induction of 
CYP2B1 activity. No significant alterations in testosterone hydroxylation reactions 
were detected at the 6~, 7aand 2a sites, which reflect activities of CYP3A, CYP1A 1 
and CYP2C11, respectively. The authors concluded that, while eugenol does not 
effectively induce CYP450 enzyme activity, it can induce phase-11 biotransformation 
enzymes (Rompelberg et al., 1996a). 
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The potential of eugenol to be oxidized to a reactive intermediate was 
investigated in a series of studies in vitro. In one experiment, 500 J.lmol/1 of eugenol 
were incubated with hydrogen peroxide and myeloperoxidase isolated from human 
polymorphonuclear leukocytes. Spectral evidence indicated the formation of a 
quinone methide metabolite in an enzyme-dependent manner. Formation of this 
metabolite was completely inhibited when reduced GSH (1 Q-50 J.lmol/1) was present 
in the reaction mixture at the beginning of the reaction; however, when GSH 
(50 J.lmol/1) was added to the reaction mixture after formation of the metabolite had 
begun, the metabolite reacted directly with the GSH. In myeloperoxidase-catalysed 
oxidation reactions of eugenol with GSH added at the start of the reaction, most of 
the added GSH (500 nmol) was oxidized to GSH disulfide (447 ± 33 nmol), 1.6 ± 
0.1 nmol conjugating with the quinone methide derivative and 65 ± 4 nmol remaining 
unchanged. The authors proposed that eugenol forms a phenoxy radical under these 
conditions, which is reduced back to eugenol through the formation of oxidized GSH 
(i.e. GSH disulfide) (Thompson et al., 1989). 

Eugenol was also shown to inhibit processes associated with oxidative bursts 
in polymorphonuclear leukocytes stimulated by phorbol myristate acetate, a phorbol 
ester. Normally, stimulated cells would show a burst in oxygen consumption, ultimately 
resulting in superoxide and hydrogen peroxide formation. Eugenol (1 Q-1 000 J.lmol/1) 
inhibited hydrogen peroxide formation in polymorphonuclear leukocytes in a 
concentration-dependent manner, with 50% inhibition at 100 J.lmol/1. Furthermore, 
eugenol was associated with cytotoxicity, as indicated by lactate dehydrogenase 
leakage and cell death of 50% of polymorphonuclear leukocytes stimulated by phorbol 
myristate acetate as opposed to 23% of unstimulated cells. The authors concluded 
that, at concentrations < 1 00 J.lmol/1, eugenol forms a covalently bound product and 
reactive intermediate that depletes GSH. Although no polymorphonuclear leukocyte 
cytotoxicity was observed at the lower concentrations of eugenol, eugenol did slightly 
inhibit the cellular oxidative burst leading to the formation of superoxide and hydrogen 
peroxide (Thompson et al., 1989). 

In more recent studies, the quinone methide intermediate, 2-methoxy-4-
allylidene-2,5-cyclohexadienone, was synthesized and shown to have a short half
life (t112 = 613 s or - 10 m in) in water (Bolton et al., 1995). Subsequently, the 
cytotoxicity of eugenol and its quinone methide intermediate was evaluated in cloned 
rat liver cells, which consist of an immortalized cell line containing active CYP450 
and normal GSH levels (Thompson et al., 1998). Incubation of cells with eugenol (1, 
1 0, 100 or 1 000 J.imol/1) resulted in significant depletion of GSH as early as 3 m in 
with 10 J.lmol/1 of eugenol, suppression of gap junction-mediated intercellular 
communication by 27% and 88% at 1 0 and 1 00 J.lmol/1 of eugenol, respectively, 
within 5 min and inhibition of basal cellular reactive oxygen species generation at 
eugenol concentrations as low as 1 0 J.imol/1 (25% and 75% at 1 0 and 1 00 J.lmol/1 of 
eugenol, respectively). No significant changes were observed at the lowest 
concentration of eugenol tested, 1 J.imol/1. When the quinone methide intermediate 
was substituted for eugenol, similar decreases in GSH levels and intercellular 
communication were reported at 1 J.lmol/1. In contrast to eugenol, the intermediate 
stimulated the formation of reactive oxygen species 3 m in after the start of incubation 
at a concentration of 10 J.imol/1, suggesting that cellular GSH was sufficiently depleted 
to allow the formation of reactive oxygen species. While 1 00 J.lmol/1 of eugenol caused 
no significant increase in cell death, > 90% cell death was observed when liver cells 
were incubated with a higher concentration of eugenol (1000 J.lmol/1) or with the 
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quinone methide intermediate (100 J..Lmol/1) for 2 h. These results support the 
conclusion that the quinone methide intermediate is the reactive, cytotoxic metabolite. 
Addition of the ethyl ester of GSH to either incubation mixture completely inhibited 
the cytotoxic effects of both substances. 

In an investigation of the mechanism of the oral antiseptic activity of eugenol, 
the substance was incubated with cultured male guinea-pig neutrophils. A 
concentration-dependent increase in superoxide (02-) was reported at concentrations 
up to 2 mmol/1 of eugenol, accompanied by only a sight increase in cytotoxicity. 
Maximum superoxide levels were found at 5 mmol/1 eugenol, and the value remained 
constant thereafter; however, most of the cells showed signs of cytotoxicity, and, 
after 30 s, cell viability was< 50% (Suzuki et al., 1985). 

In conclusion, eugenol may participate, to a minor extent, in an oxidation 
pathway leading to a quinone methide intermediate; however, at the concentrations 
of the quinone methide intermediate present in liver, effective detoxication by GSH 
conjugation is expected. In addition, the extensive conjugation of eugenol greatly 
limits formation of this quinone methide intermediate. 

Epoxidation of the allyl moiety 

Eugenol is partly (1 0%) metabolized to an epoxide, which undergoes 
hydrolysis catalysed by epoxide hydrolase. Hydrolysis yields a diol that can be either 
conjugated and excreted or oxidized to a lactic acid derivative and then excreted. 
When eugenol was incubated with rat epithelial cells or rat liver microsomes, 2',3'
eugenol epoxide was formed (Delaforge et al., 1978). After treatment of adult male 
Wistar rats with a single intraperitoneal dose of 200 mg/kg bw of eugenol in corn oil, 
eugenol epoxide, the corresponding diol {dihydrodihydroxy eugenol}, allylcatechol 
epoxide and dihydrodihydroxy allylcatechol were identified after 24 h in urine collected 
every 2 h (Delaforge et al., 1980). The 24-h liver homogenates obtained from the 
same rats also contained eugenol epoxide and the corresponding diol. When liver 
microsomes obtained from rats pre-treated with phenobarbital (80 mg/kg bw; 
intraperitoneally) for 3 days were incubated with 1 J..Lmol (164 J..Lg) of eugenol, the 
resulting metabolites were identified as eugenol epoxide, the corresponding diol, 
allylcatechol epoxide3 and dihydrodihydroxy allylcatechol. In contrast, cultured adult 
rat liver cells incubated with 1 mg of eugenol formed only eugenol epoxide and 
dihydrodihydroxy eugenol and not allylcatechol derivatives. 

Eugenol epoxide is presumed to be rapidly detoxicated by the formation of 
eugenol-2',3'-diol by epoxide hydrolase, as the epoxide was not detected at any 
appreciable concentration in vivo (Luo et al., 1992; Guenthner & Luo, 2001 ). 

(d) Other biochemical studies 

In a study to investigate the effect of eugenol on smooth muscle activity in 
the intestines, groups of 8-12 male Wistar-Nossan rats were given 0, 25, 50, 100 or 
200 mg/kg bw of eugenol1 h before administration of 1 ml of an aqueous suspension 
of 1 0% charcoal and 5% acacia gum. The small intestine was removed 20 m in later, 
and the distance that the charcoal had travelled from the pylorus was measured. A 
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significant dose-dependent decrease in the total length of the small intestine travelled 
by the charcoal suspension was observed, indicating a decrease in smooth muscle 
action. When 100 mg/kg bw of eugenol were administered 30, 60, 120, 180 or 240 m in 
before administration of the charcoal suspension, maximum transit distance was 
observed after 60 min. The authors suggested that eugenol at the doses used in 
this study might inhibit the spontaneous activity of the longitudinal gut muscle, possibly 
by inhibiting prostaglandin synthesis (Bennett et al., 1988). 

To investigate the potential of eugenol to inhibit prostaglandin synthesis, 
homogenized human colon mucosa was incubated with 0, 1, 1 0 or 100 ~-tg/ml of 
eugenol. Concentration-dependent inhibition of prostanoid formation was found, with 
statistically significant inhibition at concentrations of 1 0 and 1 00 ~-tg/ml and as low 
as 1 11g/ml for inhibition of thromboxane 82 . Human polymorphonuclear leukocytes 
incubated with 14C-arachidonic acid in the presence of 0, 1, 1 0 or 100 ~-tg/ml of 
eugenol showed marked inhibition (approximately 85%) in the formation of 5-hydroxy
eicosatetraenoic acid at the highest concentration tested (1 00 ~-tg/ml) (Ben nett et 
al., 1988). 

The potential effect of eugenol as a muscle relaxant was studied in vitro in 
longitudinal strips of isolated human gastric and colon muscle and Wistar-Nossan 
rat forestomach muscle. In human tissues, eugenol at a concentration of 300 ng/ml 
reduced the spontaneous contractility of the muscle strips. Furthermore, eugenol at 
0.2-100 ~-tg/ml decreased the tone of the muscle strips from either segment of the 
gastrointestinal tract; however, in circular muscle, eugenol (0.22-0.88 ~-tg/ml) 
increased the tone but induced either no change (8-200 ~-tg/ml) or a decrease (0.2-
11 ~-tg/ml) in the tone of the colon muscle. Eugenol also inhibited acetylcholine
induced contraction in the colon muscles, although its effect was more variable in 
the stomach muscles. Strips of rat forestomach muscle were suspended in a bath of 
Krebs solution with 1, 5, 1 0 or 50 ~-tg/ml of eugenol for 2 m in before addition of 
2.5 ng/ml each of prostaglandin E2, 5-hydroxytryptamine or acetylcholine. 
Spontaneous muscle contractions were reduced in a dose-dependent manner in 
eugenol-treated samples when compared with controls. Rat uterine muscle bathed 
with eugenol (1-50 ~-tg/ml) showed a concentration-dependent reduction in 
bradykinin-induced contractions (7-95%, p< 0.05 to< 0.001 ). Similarly, rabbit jejunum 
muscle showed a concentration-dependent decrease of 22-90% (p < 0.05 to< 0.005) 
in spontaneous muscle contractions when bathed in eugenol (2.5-50 ~-tg/ml). In two 
human myometrium specimens, eugenol (22 ~-tg/ml) reduced the tone and 
contractions in response to prostaglandin F2a (Bennett et al., 1988). 

Prostaglandin E2 is known to stimulate intestinal fluid accumulation. When 
inbred Lewis-Nossan rats were given 1 0-1 00 mg/kg bw of eugenol by gavage 4 h 
before receiving 2 mg/kg bw of prostaglandin E2, dose-dependent (p < 0.05 to 
< 0.001) inhibition of intestinal fluid accumulation was observed when compared 
with controls. Rat paw oedema induced by carrageenan was reduced in a dose
dependent manner when the rats were given 1 OQ-500 mg/kg bw of eugenol 1 h 
before treatment with carrageenan. At doses of 1 0 or 50 mg/kg bw of eugenol, no 
reduction was observed. These results indicate that, in rats, high oral doses of eugenol 
can inhibit prostaglandin synthesis and have an anti-diarrhoeal effect (Bennett et 
al., 1988). 
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2.3.2 Toxicological studies 

The toxicological studies are summarized below according to duration, 
flavouring agent and then species. In order to preserve the continuity of the studies 
performed within the National Toxicology Program, however, the short-term studies 
of toxicity and the carcinogenicity studies are both discussed in the section on long
term studies in the sequence in which they were conducted. 

(a) Acute toxicity 

Oral LD50 values have been reported for three of the seven substances in 
this group (Table 4). In rats, the LDso values ranged from 1194 mg/kg bw for eugenol 
to 3400 mg/kg bw for eugenyl formate. The values for eugenol were 3000 mg/kg bw 
in mice and 2130 mg/kg bw in guinea-pigs. These results indicate that eugenol and 
related hydroxyallylbenzene derivatives given orally have little acute toxicity (Sober 
et al., 1950; Jenner et al., 1964; Hagan et al., 1965; Bar & Griepentrog, 1967; 
Gruebner et al., 1972; Moreno, 1972; Beroza et al., 1975; Moreno, 1977). 

(b) Short-term studies of toxicity 

The results of short-term and long-term studies of toxicity and studies of 
carcinogenicity with eugenol and related allylhydroxybenzene derivatives are 
summarized in Table 5. 

Table 4. Results of studies of acute toxicity with orally administered eugenol 
and related hydroxyal/ylbenzene derivatives 

No. Flavouring agent Species; sex LD50 (mg/kg bw) Reference 

1529 Eugenol Rat; M, F 2680 Jenner et al. (1964) 
1529 Eugenol Mouse; NR 3000 Jenner et al. (1964) 
1529 Eugenol Rat; M, F 1194° Beroza et al. (1975) 
1529 Eugenol Guinea-pig; M, F 2130 Jenner et al. (1964) 
1529 Eugenol Rat; NR 2680 Bar & Griepentrog 

(1967) 
1529 Eugenol Rat; M, F 2680 Hagan et al. (1965) 
1529 Eugenol Guinea-pig; M, F 2130 Hagan et al. (1965) 
1529 Eugenol Mouse; M, F 3000 Hagan et al. (1965) 
1529 Eugenol Rat; M 1930 Gruebner et al. (1972) 
1529 Eugenol Rat; NR 1930 Sober et al. (1950) 
1530 Eugenol formate Rat; NR 3400 Moreno (1977) 
1530 Eugenol formate Rat; M 2600 Moreno (1972) 
1530 Eugenol formate Rat; M, F 1670 Jenner et al. (1964) 
1531 Eugenol acetate Rat; M, F 1670 Bar & Griepentrog 

(1967) 

M, male; F, female; NR, not reported 
• LD50 value of 3980 mg/kg bw was reported for a mixture of 7:3 phenethyl 

propionate: eugenol. 
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Table 5. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity on eugenol and related ~ 
hydroxyallylbenzene derivatives 0 r-
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No. Substance Species; No. test groups•/ Route Duration NOEL Reference e5 
sex no. per groupb (days) mg/kg bw ~ per day) 

):,. 

Short-term studies of toxicity nl 
t::l 

1529 Eugenol Rat; M 1/5 Diet 28 2000' Hirose et al. (1987) :X: 
1529 Eugenol Rat; M 1/20 Gavage 34 < 1400d Hagan et al. (1965, 1967) t§ 
1529 Eugenol Rat; M, F 1/20 Diet" 90 M: 84.1' Trubek Laboratories Inc. lJ 

F: 94.4' (1958) ~ 
1529 Eugenol Rat; NR NR Diet 133 1000' Bar & Griepentrog (1967) ~ 
1529 Eugenol Rat; M, F 2/20 Diet 133 1000' Hagan et al. (1967) r-

r-
1531 Eugenyl acetate Rat; M, F 3/20 Diet 133 1000' Hagan et al. (1967) rs 
1531 Eugenyl acetate Rat; NR NR Diet 133 1000' Bar & Griepentrog (1967) tt:J 

1529 Eugenol Mouse; M, F 1/114 Gavage 351 410' Miller et al. (1983) ~ 
1529 Eugenol Mouse; M, F 5/20 Diet 91 900' National Toxicology ~ 

Program (1983) ~ 
1529 Eugenol Rat; M, F 5/20 Diet 91 1250' National Toxicology t::l 

Program (1983) ~ 
1529 Eugenol Mouse; F 29/30 Diet 365 750' Miller et al. (1983) ~ 

::::! 
~ 
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Table 5 (contd) 

No. Substance 

Long-term studies of toxicity and carcinogenicity 
1529 Eugenol 

1529 Eugenol 

M, male; F, female; NR, not reported 

Species; 
sex 

No. test groups•/ Route 
no. per groupb 

Mouse; M, F 2/100 Diet 

Rat; M, F 3/50-1 OOh Diet 

a Total number of test groups does not include control animals. 
b Total number per test group includes both male and female animals. 

Duration 
(days) 

735 

735 

NOEL 
mg/kg bw 
per day) 

450 

M: 300C 
F:625c 

Reference 

National Toxicology 
Program (1983} 
National Toxicology 
Program (1983) 

c Study performed with either a single or multiple doses that had no adverse effect. The value is therefore not a true NOEL, but is the highest dose 
tested that had no adverse effects. The actual NOEL might be higher. 

d Rats treated with an initial dose of 1400 mg/kg bw of eugenol, which was increased gradually to 4000 mg/kg bw over the course of the 34-day 
study 

• The test material was a mixture of flavour compounds, consisting of eugenol (123 ppm), anisic aldehyde (10 ppm} and heliotropine (22 ppm), 
which were blended in proportion to their reported levels of use and incorporated into the test diet at a level providing a daily dose of 100 mg/kg bw 
of the flavour mixture. Actual mean intakes of the flavour mixture were 106 and 119 mg/kg bw per day for male and female rats, respectively. On 
the basis of the concentration at which eugenol was incorporated in the test diet (79.4%), the mean daily intakes of the flavour mixture corre
sponded to average daily intakes of approximately 84.1 and 94.4 mg/kg bw of eugenol by male and female rats, respectively. 

1 Mice treated twice weekly with 410 mg/kg bw of eugenol for a total of 1 0 doses and autopsied at end of the 14-month study 
9 In addition to the eugenol-supplemented diet, one group also received 0.5% phenobarbital in drinking-water for the duration of the study. 
h Total of three test groups in the study but only two groups per sex. Male rats were given diets providing 150 or 300 mg/kg bw per day and female 

rats were given diets providing 300 or 625 mg/kg bw per day of eugenol. 



EUGENOL AND RELATED HYDROXYALLYLBENZENE DERIVATIVES 

Eugenol (No. 1529) 

Rats 

177 

Groups of three male Wistar rats were given 0, 250, 500 or 1 000 mg/kg bw 
per day of eugenol in corn oil by gavage for 1 0 days. The animals were observed for 
clinical signs of toxicity, and body weights were measured on days 0, 6 and 10 of the 
study. A statistically nonsignificant but dose-dependent decrease in body-weight 
gain (by about 6%) was reported in animals given eugenol when compared with 
controls. Eugenol had no effect on haematological or clinical chemistry parameters, 
and the relative liver weights of eugenol-treated rats were comparable to those of 
controls (Rompelberg et al., 1993). 

In a 28-day study, groups of five 6-week old male Fischer 344 rats were 
maintained on a diet designed to provide 0 or 2% eugenol, corresponding to an 
estimated daily intake of 2000 mg/kg bw (Food & Drug Administration, 1993). The 
rats were given free access to food and water and were weighed weekly. They were 
killed for autopsy at the end of week 4, when the livers were weighed and the 
stomachs were preserved in buffered formalin; the posterior and anterior walls of 
the forestomach were cut into strips and examined histologically. Body-weight gain 
was depressed by 1 Q-15% in rats given eugenol as compared with controls; however, 
the relative liver weights were not significantly different between the two groups. No 
gross or histological changes were found in the forestomach (Hirose et al., 1987). 

Twenty male weanling Osborne-Mendel rats were given 1400 mg/kg bw per 
day of eugenol by stomach tube, and the dose was gradually increased to 4000 mg/kg 
bw per day during the 34-day study. A few deaths were reported at 2000 mg/kg bw 
per day, and the number increased with increasing doses; eight animals survived to 
34 days, while 15 animals survived long enough to receive the dose of 4000 mg/kg 
bw per day. Weekly measurements of body weight, general condition and food intake 
showed no differences between treated and control rats. All surviving animals were 
killed, and haematological examinations (white and red cell counts, haemoglobin 
concentration and erythrocyte volume fraction) were performed. At necropsy, liver, 
kidneys, spleen, heart and testes were weighed. These organs, the abdominal and 
thoracic viscera and one hind leg were preserved in buffered formalin-saline solution. 
Eugenol caused slight adrenal enlargement, with marked yellow discolouration, and 
slight enlargement of the liver, which was found microscopically to be due to slight 
liver-cell enlargement. Macroscopic examination of the forestomach showed that 
the mucosa contained coalescent areas covered with a thick, flaky, white material 
punctuated with minute ulcers. Microscopic examination of the forestomach showed 
moderately severe hyperplasia and hyperkeratosis of the stratified squamous 
epithelium associated with focal ulceration. Mild osteoporosis was also found (Hagan 
et al., 1965, 1967). 

Groups of 10 weanling Osborne-Mendel rats of each sex were given diets 
containing 0, 1 000 or 10 000 pp m per day of eugenol for 19 weeks, corresponding 
to estimated daily intakes of 0, 50 and 500 mg/kg bw, respectively (Food & Drug 
Administration, 1993). Weekly measurements of body weight, general condition and 
food intake showed no differences between test and control rats. All animals were 
killed, and haematological examinations (white and red cell counts, haemoglobin 
concentration and erythrocyte volume fraction) were performed. At necropsy, liver, 
kidneys, spleen, heart and testes were weighed. These organs, the abdominal and 
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thoracic viscera and one hind leg were preserved in buffered formalin-saline solution. 
No effects were observed that were attributable to treatment (Hagan et al., 1967). 

In a 90-day study, 10 male and 10 female rats of unspecified strain were fed 
a test diet designed to provide a 100 mg/kg bw of a flavour mixture consisting of 
eugenol, anisic aldehyde and heliotropine, which were blended at concentrations 
proportional to their reported levels of use: eugenol (No. 1529), 123 ppm; anisic 
aldehyde, 10 ppm; and heliotropine, 22 pp m. The actual mean intakes of the mixture 
were reported to be 106 and 119 mg/kg bw per day for male and female rats, 
respectively. On the basis of the concentration at which eugenol was incorporated 
in the flavour mixture (about 79.4%), the mean daily intake of the flavour mixture 
corresponded to average daily intakes of about 84.1 and 94.4 mg/kg bw of eugenol 
for male and female rats, respectively. Control rats were fed unsupplemented diets 
for the duration of the study. All the rats were observed weekly for growth and food 
intake. After 12 weeks of feeding, the urine of three rats of each sex per group was 
examined for glucose and albumin concentrations, and blood haemoglobin levels 
were determined. At the end of the study, gross autopsies were performed on all 
survivors, the liver and kidneys were weighed, and tissues were preserved for 
histological examination. The appearance and behaviour of the treated rats were 
comparable to those of controls, and all animals survived to the end of the study. 
The net body-weight gain and food use efficiency were lower for test animals than 
for controls, but these differences did not reach statistical significance. At 12 weeks, 
analysis of the urine of male rats receiving the test mixture revealed the presence of 
albumin, which was not observed in treated females. According to the authors, this 
is a common observation in male rats and might be attributable to the presence of 
semen in the urine. Gross examination at autopsy revealed occasional respiratory 
infection in both groups. The liver and kidney weights of both groups were comparable 
and were within normal limits (Trubek Laboratories Inc., 1958). 

Eugenyl acetate (No. 1531) 

Rats 

An unspecified number and strain of rats were given a diet containing 
1 0 000 pp m eugenyl acetate for 19 weeks, corresponding to an estimated daily 
intake of 1000 mg/kg bw (Food and Drug Administration, 1993). No adverse effects 
were reported. No further experimental details were provided (Bar & Griepentrog, 
1967). 

Groups of 1 0 weanling Osborne-Mendel rats of each sex were fed diets 
providing 0, 1 000, 2500 or 1 0 000 pp m per day of eugenyl acetate for 19 weeks, 
corresponding to estimated daily intakes of 0, 1 00, 250 and 1 000 mg/kg bw, 
respectively (Food & Drug Administration, 1993). Weekly measurements of body 
weight, general condition and food intake showed no differences between test and 
control rats. All animals were Killed, and haematological examinations (white and 
red cell counts, haemoglobin concentration and erythrocyte volume fraction) were 
performed. At necropsy, liver, kidneys, spleen, heart and testes were weighed. No 
adverse effects were observed (Hagan et al., 1967). 
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(c) Long-term studies of toxicity and carcinogenicity (see Table 5) 

Eugenol (No. 1529) 

Mice 

In a study of the carcinogenic potential of allylalkoxybenzene and allylhydroxy
benzene derivatives, two groups of 30 CD-1 female mice (mean weight, 21 g) were 
maintained on a diet containing 0.5% eugenol, estimated to correspond to an average 
daily intake of 750 mg/kg bw (Food & Drug Administration, 1993). The diet was 
continued for 12 months, when the mice were allowed a 6-month recovery period. 
One of the groups receiving eugenol in the diet also received 0.05% phenobarbital 
in the drinking-water for the entire 18 months. Two control groups were included: 
mice that received control diet only, and mice that received control diet and 0.05% 
phenobarbital in their drinking-water. Survival at 18 months was comparable between 
eugenol-fed animals with and without phenobarbital treatment and control animals. 
The body-weight gains of treated mice, measured at 1, 4 and 8 months, were 
comparable to those of controls. One pulmonary adenoma, two thymic lymphomas 
and one mammary adenoacanthoma were found in animals given eugenol without 
phenobarbital, while control mice without phenobarbital treatment had one pulmonary 
adenoma. Phenobarbital-treated controls also had one case each of pulmonary 
adenoma and liver haemangioendotheliosarcoma. The authors concluded that no 
adverse effects could be attributed to treatment (Miller et al., 1983). 

In another segment of the same study, 59 male and 55 female CD-1 mice 
were given 2.511-mol/g bw of eugenol (about 410 mg/kg bw) by gavage twice a week 
for 10 doses, beginning at 4 days of age. The mice were weaned at 35 days of age, 
and hepatomas were evaluated at 14 months. The incidence of hepatomas was 
essentially the same in the test and control groups: 25% in eugenol-treated males 
(0.5 hepatomas/mouse) and 24% in vehicle control males (0.6 hepatomas/mouse). 
The incidence of hepatomas in eugenol-treated females (none) was not statistically 
significantly different from that in vehicle control females (2%, 0.02 hepatomas/ 
mouse) (Miller et al., 1983). 

A group of 52 male CD-1 mice were given a total dose of 9.45 11-mol/mouse 
of eugenol or eugenol2 ',3 ·-oxide by intraperitoneal injection, distributed in a ratio of 
1:2:4:8, on days 1, 8, 15 and 22 of life. These doses correspond to 0.63, 1.26, 2.52 
and 5.0411-mol/mouse or 73.9, 59.1, 59.1 and 63.7 mg/kg bw, respectively. The mice 
were weaned at 22 days of age. At 12 months, hepatomas were recorded in 24% of 
mice receiving eugenol and 31% of mice receiving eugenol2',3'-oxide (0.6 and 0.5 
hepatomas/mouse), with 26% in vehicle controls (0.5 hepatomas/mouse). These 
differences were not statistically significant (Miller et al., 1983). 

In a 14-day study, groups of five 86C3F1 mice of each sex were given diets 
containing 6000, 12 500, 25 000, 50 000 or 100 000 ppm of eugenol on 5 days/ 
week for a total of 1 0 doses, corresponding to estimated daily intakes of 900, 1875, 
3750, 7500 and 15 000 mg/kg bw, respectively (Food & Drug Administration, 1993). 
The animals were observed twice daily, and body weights and clinical findings were 
recorded at the start, on day 8 and at the end of the study. All mice at 1 00 000 ppm 
and 60% of male mice at 50 000 ppm died. A dose-related decrease in mean body
weight gain was observed in male mice at doses ~ 12 500 ppm and in female mice 
at doses ~ 25 000 ppm (National Toxicology Program, 1983). 
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Groups of 10 B6C3F1 mice of each sex were given diets containing 0, 400, 
800, 1500, 3000 or 6000 pp m of eugenol on 5 days/week for 13 weeks, corresponding 
to estimated daily intakes of 0, 60, 120, 225, 450 and 900 mg/kg bw, respectively 
(Food & Drug Administration, 1993). The animals were observed twice daily for 
clinical signs or deaths, and body weights were recorded weekly. At the end of the 
91-day study, necropsies were performed on all animals, and complete histopatho
logical examinations were conducted on mice at the highest dose and on the controls. 
No deaths occurred, and no compound-related effects were reported on body weight 
or on gross or histopathological appearance at any dose (National Toxicology 
Program, 1983). 

Groups of 50 B6C3F1 mice of each sex were given diets containing 0, 3000 
or 6000 pp m of eugenol for 1 05 weeks, corresponding to estimated daily intakes of 
0, 450 and 900 mg/kg bw, respectively (Food & Drug Administration, 1993). The 
animals were observed twice daily for morbidity or mortality, and clinical findings 
were recorded monthly. The mice were weighed weekly for the first 13 weeks, then 
monthly to week 93 of the study and every 2 weeks thereafter. Necropsies were 
performed on all animals at the end of the study. All major tissues, organs and 
visible lesions were examined grossly, microscopically and macroscopically. No 
compound-related clinical signs were observed in any of the mice during the study. 
The survival and mean body weights of all treated animals were similar to those of 
controls throughout the study, with the exception of females at 6000 ppm, which 
had mean body weights that were 14% and 11% lower than those of controls in 
weeks 1 01 and 1 04, respectively. The average daily feed consumption by mice at 
3000 ppm and 6000 ppm was 97% and 94% that of controls for males, and 95% 
and 90% for females, respectively. Five males at 3000 pp m were accidentally killed 
at week 13 and were subsequently excluded from the statistical analyses. The 
incidence of hepatocellular adenomas and carcinomas among males at the lower 
dose was significantly increased (p < 0.05); but males at the higher dose showed no 
increase. When the incidences of liver adenomas and carcinomas were combined, 
a slight increase was found in males at the higher dose (18/49, 37%) as compared 
with controls (14/50, 28%), but the difference was not statistically significant. The 
incidences of hepatocellular adenomas and carcinomas were not significantly 
increased in female mice; however, the combined incidence of hepatocellular 
adenomas and carcinomas showed a positive dose-related trend: controls, 2/50 
(4%); lower dose, 7/49 (14%); higher dose, 9/49 (18%). One male at the lower dose 
had a tumour that was described as having some areas characteristic of hepato
cellular carcinoma and areas of disorderly proliferation of structures resembling bile 
ducts. The authors classified the tumour as a mixed hepatocellular-cholangio
carcinoma. The incidence of metastasized tumours of the lung was similar in test 
and control groups of male mice (control, 2; lower dose, 3; higher dose, 2). One 
tumour in a female at the lower dose had metastasized. The incidence of follicular
cell adenomas of the thyroid gland in male mice showed a significantly (p < 0.05) 
increased trend: control, 0/48 (0%); lower dose, 0/49 (0%); higher dose, 3/49 (6%). 
The corresponding rates in treated females were not significantly different from those 
in males: control, 2/48 (8%); lower dose, 0/47 (0%); higher dose, 1/49 (2%). The 
authors concluded that, under the conditions of this study, there was equivocal 
evidence for carcinogenicity, as eugenol increased the incidences of both carcinomas 
and adenomas of the liver in male mice at 3000 ppm and increased the combined 
incidence of hepatocellular carcinomas and adenomas in female mice (Table 6; 
National Toxicology Program, 1983). 
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Table 6. lncidences of hepatocellular neoplasms associated with dietary 
administration of eugenol to mice for 2 years 

Sex Neoplasm Control 3000 ppm 6000 ppm 

Male Adenoma 4/50 (8%) 13/50 (26%)* 10/49 (20%) 
Carcinoma 10/50 (20%) 20/50 (40%)* 9/49 (18%) 

Female Adenoma or carcinoma 14/50 (28%) 28/50 (56%)** 18/49 (37%) 
Adenoma 0/50 (0%) 4/49 (8%) 3/49 (6%) 
Carcinoma 2/50 (4%) 3/49 (6%) 6/49 (12%) 
Adenoma or carcinoma 2/50 (4%) 7/49 (14%) 9/49 (18%)* 

From National Toxicology Program (1983). lncidences of liver adenomas or carcinomas in 
control 86C3F1 mice in National Toxicology Program carcinogenicity (feeding) studies: 
males, 42.2% (1 0-68%); females, 23.6% (6-56%) (Haseman et al., 1998) 
• Significantly different (p < 0.05) from the control group by the Fisher exact test 
** Significantly different (p < 0.01) from the control group by the Fisher exact test 

Liver adenomas and carcinomas are common neoplasms in male B6C3F1 

mice in National Toxicology Program studies. In controls in dietary studies, the 
background incidence of hepatocellular tumours was 42.2% in male mice and 23.6% 
in female mice (Haseman et al., 1998). The high incidences of hepatocellular 
adenomas and carcinomas in both control (28%) and treated (lower dose, 56%; 
higher dose, 37%) male mice in comparison with female mice (control, 4%; lower 
dose, 14%; higher dose, 18%) clearly demonstrates the sensitivity of male 86C3F1 

mouse liver to neoplastic changes. As the combined incidence of hepatocellular 
tumours in male mice showed no dose-response relation and the incidence of 
tumours in mice at the higher dose was not significantly different from that of the 
control group, the appearance of liver tumours in male mice in this study was 
considered to have been spontaneous and unrelated to administration of the test 
substance. Although the incidence of hepatocellular adenomas and carcinomas in 
treated female mice was higher than in the control group, the response was not 
statistically significant and, in the case of adenomas, was not dose-related. The 
combined incidence of hepatic tumours in control and treated females showed a 
dose-related trend (control, 4%; lower dose, 14%; higher dose, 18%); however, the 
difference in incidence between the controls and females at the lower dose was not 
statistically significant. According to the National Toxicology Program, the profile of 
neoplastic responses in both male and female mice in 2-year bioassays are consistent 
with the high background levels of hepatocellular neoplasms in this species and 
strain (Maronpot et al., 1987). 

A second factor in explaining the results of the National Toxicology Program 
(1983) study might be the location of housing during the 2-year feeding period (Young, 
1987). it is common practice in the conduct of long-term studies to cage mice together 
and to locate cages of mice receiving the same treatment contiguously, rather than 
randomly. This practice was observed during this study. Nevertheless, it was 
postulated that local room effects might have been associated with the occurrence 
of hepatic tumours, particularly in male mice at the lower dose. In a cage-by-cage 
analysis, the incidence of hepatic lesions in male mice in cages 1-5 was found to be 
higher (80%) than that of hepatic tumours in the rest of the mice in the study (32%). 
Furthermore, on the basis of 43 National Toxicology Program studies in mice reviewed 
by Haseman et al. (1984), the incidence of hepatic carcinoma in control groups was 
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:<;; 36%, whereas the incidence of hepatic carcinoma in cages 1-5 housing male 
mice at the lower dose was 64%.Young (1987) concluded that, as the cages were 
located systematically and as the increase in proliferative hepatic lesions, primarily 
carcinoma, was concentrated in the first 5 of 1 0 contiguous cages housing mice at 
the lower dose, the effect might have been due to room location and not eugenol. 

In view of these observations, the hepatic neoplasms in the National 
Toxicology Program bioassay are not relevant to the safety of eugenol in humans, 
who have a low intake from use of the compound as a flavour ingredient. This 
conclusion is based on: the high incidence of spontaneous hepatocellular neoplasms 
(adenomas and carcinomas) in 86C8F1 mice; the absence of consistent dose
response relations; the effect of the location of animal housing on tumour incidence; 
the lack of hepatocellular neoplastic effects in a parallel study in rats (discussed 
below); and the relatively high dietary levels (450 and 900 mg/kg bw) tested, which 
are at least > 8000 times the estimated daily intake of eugenol from its use as a 
flavour ingredient (18 11g/kg bw per day in Europe and 56 11g/kg bw per day in the 
USA) (see Table 2). 

Rats 

When 20 male Fischer rats were each given a total dose of 2 mmol (about 
1029 mg/kg bw) of eugenol-2",3"-oxide by subcutaneous injection twice weekly for 
a total of 20 injections, two sarcomas were reported at the injection site and one 
keratoacanthoma, one sebaceous gland carcinoma and one fibromyosarcoma; 
however, no hepatic carcinomas were reported. In comparison, control rats that 
received only the vehicle (trioctanoin) had no sarcomas at the injection site or hepatic 
carcinomas but had one leiomyosarcoma of the abdominal cavity, one subcutaneous 
fibrosarcoma and one pulmonary adenoma (Miller et al., 1983). 

In a 14-day study, groups of five Fischer 344/N rats of each sex were given 
diets containing 6000, 12 500, 25 000, 50 000 or 1 00 000 ppm eugenol on 5 days/ 
week for a total of 10 doses, corresponding to estimated daily intakes of 600, 1250, 
2500, 5000 and 1 0 000 mg/kg bw, respectively (Food & Drug Administration, 1993). 
The animals were observed twice daily, and body weights and clinical findings were 
recorded at the start, on day 8 and at the end of the study. At 1 00 000 pp m, 20% of 
male and 100% of female rats died. A dose-related decrease in mean body-weight 
gain was observed for males and females at doses :2: 25 000 ppm (National Toxicology 
Program, 1983). 

In a 13-week study, groups of 10 Fischer 344/N rats of each sex (only 9 
males at 800 ppm and 9 females at 6000 ppm) were given diets containing 0, 800, 
1500, 3000, 6000 or 12 500 ppm eugenol, corresponding to estimated daily intakes 
of 0, 80, 150, 300, 600 and 1250 mg/kg bw, respectively (Food & Drug Administration, 
1993). The animals were observed twice daily for clinical signs and mortality, and 
body weights were recorded weekly. At termination, necropsies were performed on 
all animals, and complete histopathological examinations were made on rats at the 
highest dose and the control group. All animals survived the duration of the study. In 
comparison with the controls, the final mean body weights were reduced by 1 0% 
and 6% in male and female rats at the highest dose, respectively. No compound
related histopathological effects were observed (National Toxicology Program, 1983). 

Groups of 50 male Fischer 344/N rats were given diets containing eugenol 
at a concentration of 3000 or 6000 ppm, while groups of 50 female Fischer 344/N 
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rats received diets containing 6000 or 12 500 pp m eugenol on 5 days/week for 105 
weeks (National Toxicology Program, 1983). These dietary levels correspond to 
estimated daily intakes of 150, 300 and 625 mg/kg bw, respectively (Food & Drug 
Administration, 1993). As controls, groups of 40 male and 40 female rats were given 
basal diet throughout the study. Animals were observed twice daily for mortality, and 
clinical findings were recorded monthly. The rats were weighed weekly for the first 
13 weeks, then monthly to week 93 of the study, and every 2 weeks thereafter. 
Necropsies were performed on all animals at the end of the study. All major tissues, 
organs and visible lesions were examined grossly, microscopically and 
macroscopically. The survival rates of treated males (52% at 3000 ppm; 74% at 
6000 ppm) and females (72% at 6000 ppm; 88% at 12 500 ppm) were not significantly 
different from those of controls (58% of males; 75% of females). The mean body 
weights of females at 12 500 ppm were lower than those of controls. The average 
daily feed consumption of females at the higher and lower doses were 94% and 
91% that of controls, respectively. The statistical significance of the results was not 
reported. 

The incidence of alveolar or bronchial adenomas or carcinomas of the lung 
was significantly increased (p < 0.05) in males at 3000 pp m [5/49 (1 0%)] relative to 
control males (0/49), but not in males at 6000 ppm (2/50 (40%)]. The corresponding 
rates in females at the lower [1 /50 (2%)] and higher doses (0/50) were not significantly 
different from their controls [1/39 (3%)]. Females at the lower dose (11/49 (22%)], 
however, had a significantly increased incidence (p < 0.05) of C-cell adenomas of 
the thyroid compared with the controls [3/40 (8%)] and with females at the higher 
dose [2/50 (4%)]. Conversely, there were statistically significant negative trends 
(p < 0.05) in the incidence of C-cell adenomas [control, 4/40 (1 0%); lower dose, 
5/50 (1 0%); higher dose, 0/50 (0%)] and in the combined incidence of adenomas 
and carcinomas of the thyroid [control, 7/40 (28%); lower dose, 8/50 (16%); higher 
dose, 2/50 (4%)] in treated male rats compared with controls. These results are not 
unexpected, given the high spontaneous incidence of C-cell thyroid gland tumours 
in Fischer 344 rats. The background incidences of C-cell adenomas and carcinomas 
in controls in previous dietary studies were 13% (2-35%) and 1.8% (0-6%), 
respectively, in male rats and 11.7% (4-22%) and 1.9% (0-4%), respectively, in 
female rats (Haseman et al., 1998). 

Female rats showed a significant positive trend (p < 0.05) in the incidence of 
endometrial stromal polyps or sarcomas of the uterus [control, 6/40 (15%); lower 
dose, 6/50 (12%); higher dose, 16/50 (32%)], but the incidence was not statistically 
significant in females at the lower dose and was only marginally increased (p = 
0.051) in females at the higher dose relative to controls. The incidences of endometrial 
stromal polyps of the uterus in controls (16%) and females at the higher dose (32%) 
were higher than the average for the research laboratory in which the study was 
performed (15%) (National Toxicology Program, 1983) and higher than the average 
for controls in other dietary studies (14.2%) (Haseman et al., 1998). Female rats 
also showed a significantly decreased incidence of fibroadenomas of the mammary 
gland (p < 0.05) at the lower [8/50 (16%)] and the higher doses (6/50 (12%)] in 
comparison with the incidence in control animals [14/40 (35%)]. The authors reported 
that the control female rats in this study had a higher incidence of mammary gland 
fibroadenomas than controls in other dietary studies [41.2% (8-60%)] (Haseman et 
al., 1998) and concluded that there was no evidence of carcinogenicity in male or 
female rats (National Toxicology Program, 1983). 
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{d) Genotoxicity 

Two of the substances in this group comprising eugenol and hydroxyallyl
benzene derivatives have been tested for mutagenicity or genotoxicity. The results 
are summarized in Table 7 and described below. 

In vitro 

In standard assays for mutagenicity in Salmonella typhimurium, eugenol was 
not mutagenic in strains TA92, TA94, TA97, TA98, TA 100, TA 102, TA 1530, TA 1531, 
TA1532, TA 1535, TA1537, TA1538 and TA 1964 at concentrations~ 107 000 J.lg/plate 
(about 652 J.lmol/plate), with or without metabolic activation (Derange et al., 1977; 
Green & Savage, 1978; Rockwell & Raw, 1979; Swanson et al., 1979; Douglas et 
al., 1980; Eder et al., 1980; Florin et al., 1980; Nestmann et al., 1980; Rapson et al., 
1980; Yoshimura et al., 1981; Eder et al., 1982; Pool & Lin, 1982; Sekizawa & 
Shibamoto, 1982; To et al., 1982; Haworth et al., 1983; National Toxicology Program, 
1983; lshidate et al., 1984; Orstavik & Hongslo, 1985; Amonkar et al., 1986; Miller et 
al., 1986; Tennant et al., 1987; Schiestl et al., 1989; Azizan & Blevins, 1995; 
Sukumaran & Kuttan, 1995). Eugenol was mutagenic in S. typhimurium strain TA 1535 
but only when 3 · -phosphoadenosine-5 · -phosphosulfate was included in the metabolic 
activation mix. Eugenol did not show a concentration-dependent increase in 
mutagenic activity. The authors suggested that the result was an artefact of the 
experimental design, as mutation was not reported as the number of revertants per 
survivor (induced mutation frequency) but only as the number of revertants per 
plate (To et al., 1982). 

Eugenol 2 · ,3 ·-epoxide was not mutagenic in S. typhimurium strains TA 1537, 
TA 1538 and TA98 but showed mutagenic potential in strains TA 1535 (Derange et 
al., 1977; Swanson et al., 1979) and TA100 (Derange et al., 1977). 

In a study designed to investigate the mutagenicity of the metabolites of 
eugenol, Sprague-Dawley rats were given a single dose of 0.5 ml of eugenol (about 
2140 mg/kg bw) by gavage, and their urine was collected for 24 h. Before being 
administered to rats, samples of 0.05-100 111 (53.5-107 000 J.lg/plate) were each 
assayed for reverse mutation potential inS. typhimurium strains TA98 and TA 100 in 
the presence of metabolic activation. Negative results were obtained. To assess the 
genotoxic potential of urinary metabolites, the urine was assayed directly or extracted 
with ether after dilution in a phosphate buffer and treatment with ~-glucuronidase to 
hydrolyse glucuronide conjugates. The 24-h urine samples (500 J.ll), ether extracts 
of the urine and aqueous fractions of the extracts were then incubated separately 
with S. typhimurium strains TA98 and TA 100 with 89 activation. The urinary solutions 
isolated from rats given 0.5 ml of eugenol did not show evidence of mutagenicity in 
either TA98 or TA 100 (Rockwell & Raw, 1979). 

No mutagenic potential was reported when 60, 120, 300 or 600 J.lg/plate 
(0.37, 0.74, 1.8 or 3.6J.1mol/plate) eugenol was incubated with Escherichia coliWP2 
uvrA (trp-) (Sekizawa & Shibomoto, 1982). Rec assays in Bacillus subtilis M45 (rec-) 
and H17 (rec+) performed with 400 J.lg/disc (2.4 J.lmol/disc) in the absence of 89 
activation gave a positive result (Sekizawa & Shibamoto, 1982); however, DNA repair 
assays with~ 100 000 J.lg/disc (609J.1mol/disc), under standard incubation conditions, 
gave uniformly negative results (Oda et al., 1979; Yoshimura et al., 1981). With an 
inhibition zone difference between rec- and rec+ cells of 6.9 mm, Sekizawa and 



Table 7. Studies of genotoxicity on eugenol and related allylhydroxybenzene derivatives I'll c:: 
(;) 

No. Agent End-point Test object Dose or concentration Results Reference ~ 
0 

In vitro 
...... 
)::. 

1529 Eugenol Reverse mutation S. typhimurium TA 1530, 0.02 or 0.2 mol/1 (3284 Negativeb Green & Savage (1978) ~ 
TA1531, TA1532, TA1964 or 32 841 !!g/ml)• :x:J 

1529 Eugenol Reverse mutation S. typhimurium TA 1530, 1-5 mg/plate (1000- Negativec Green & Savage (1978) PJ 
TA1531, TA1532,TA1964 5000 !!g/plate) )::. 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 2000 !!g/plate Negatived Nestmann et al. (1980) ill 
TA1535,TA1538,TA1537 

0 
:X: 

1529 Eugenol Reverse mutation S. typhimuriumTA92, TA94, :> 2000 !!g/plate Negativeb.e lshidate et al. (1984) ti 
TA98, TA100,TA1535, :x:J 
TA1537 ~ 

1529 Eugenol Reverse mutation S. typhimurium TA98, TA 100, 3 !!mol/plate (492.6 Negatived.! Florin et al. (1980) ~ 
TA1535, TA1537 !!g/plate )• ...... 

...... 
1529 Eugenol Reverse mutation S. typhimurium TA98, TA 100, 32.84 !!g/plate Negativec.t Dorange et al. (1977) ~ 

TA1535,TA1538, TA1537 OJ 
1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 333 !!g/plate Negatived.g Tennant et al. (1987) S! 

TA1535, TA1537 ~ 
1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 60, 120, 300 or 600 Negativec.h Sekizawa & Shibamoto ~ 

TA1535, TA1538, TA1537 !!g/plate Negativeb,e,h (1982) 0 
1529 Eugenol Reverse mutation S. typhimuriumTA97, TA98, 3000 !!g/plate Negatived.t,i Miller et al. (1986) ~ TA100, TA104 ;;: 
1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, Not reported Negatived,i Eder et al. (1982) :::! 

TA1535,TA1537,TA1538 rii 1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 0.01-3 !!1 per 2-ml Negatived,h.i Eder et al. (1980) (/) 

TA1535, TA1537,TA1538 incubation volume 
(5-1605 !!g/ml)k 

1529 Eugenol Reverse mutation S. typhimurium TA 1 00 0.1-1000 !!g/plate Negative Rapson et al. (1980) 
1529 Eugenol Reverse mutation S. typhimurium TA98, TA 100 2500 !!g/ml Negatived Orstavik & Hongslo 

(1985) -~ 
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No. Agent End-point Test object Dose or concentration Results Reference 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 10, 150, 300, 600 or Negatived·1 Amonkar et al. (1986) 
TA1535,TA1537, TA1538 1200 J.Lg/plate 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 2000 J.Lglplate Negatived Douglas et al. (1980) 
TA1535,TA1538, TA1537 Ill 

1529 Eugenol Reverse mutation S. typhimuriumTA100, TA102, 50-400 J.Lg/plate Negatived Sukumaran & Kuttan c::: 
C) 

TA1535 (1995) ~ 
1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100 ::;; 30 11mol/plate Negatived,m Swanson et al. (1979) 0 

( 4926 J.Lg/plate) a 
.... 
)). 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 0.5, 5, 50, 500 or Negatived,n Pool & Lin (1982) :c: 
TA1535,TA1537, TA1538 5000 11g/plate 

0 
::0 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 3.3-333.3 J.Lg/plate Negatived,n.o Haworth et al. (1983) l!l 
TA1535,TA1537 )). 

1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100 0.05-100 Jll (53.5- Negativeb Rockwell & Raw (1979) nl 
107 000 J.Lg/plate)k 0 

::t 
1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 0.5-500 J.Lg/plate Negatived,p,q To et al. (1982) 

~ TA1535,TA1537, TA1538 ::0 
1529 Eugenol Reverse mutation S. typhimurium TA 1535 0.5-500 J.Lg/plate Positiveb,r To et al. (1982) ~ Negativec ~ 1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 5-500 J.Lg/plate Negatived,e Yoshimura et al. (1981) .... 

TA1535,TA1537,TA1538 
.... 
rs 

1529 Eugenol Reverse mutation S. typhimuriumTA97, TA98, 1000 11g/ml Negatived,e Azizan & Blevins (1995) ti:J 
TA100 ~ 

1529 Eugenol Reverse mutation S. typhimuriumTA97, TA98, 0.25-6 11mol/l per plate Negatived,e,s Schiestl et al. (1989) ~ 
TA100, TA102 (41-985J.Lg/plate)• ~ 1529 Eugenol Reverse mutation S. typhimuriumTA98, TA100, 3.3-333.3 J.Lg/plate Negatived,e National Toxicology 0 
TA1535, TA1537 Program (1983) ~ 1529 Eugenol Reverse mutation E. coliWP2 uvrA (trp-) 60, 120, 300 or Negativec,h Sekizawa & Shibamoto 

600 11g/plate Negativeb,e,h (1982) § 
1529 Eugenol DNA repair Bacillus subtilis M45 (rec-) 1-100 mg/disc (1000- Negative Yoshimura et al. (1981) :::! 

fii and H17 (rec+) 1 00 000 11g/disc) (/) 



Table 7 (contd) 11'1 c:: 
(;) 

No. Agent End-point Test object Dose or concentration Results Reference ~ 
0 

1529 Eugenol DNA repair Bacillus subtilis M45 (rec-) 400 Jlg/disc Positivec Sekizawa & Shibamoto 
r-
:b 

and H17 (rec+) (1982) ~ 
1529 Eugenol DNA repair Bacillus subtilis M45 (rec-) 21 11g/disc Negative Oda et al. (1979) :X) 

and H17 (rec+) ~ 
1529 Eugenol Forward mutation L5178Y mouse lymphoma cells 21.3 Jlg/ml Positivec.g Tennant et al. (1987) :b 
1529 Eugenol Forward mutation L5178Y mouse lymphoma cells 20-120 nl/ml Positivec.t Myhr & Caspary (1991) ill 

(21-128Jlg/ml)k 
0 
:X: 

1529 Eugenol Sister chromatid Peripheral human lymphocytes 0-0.5 mmol/1 Negative Jansson et al. (1986) ;§ 
exchange (0-82 Jlg/ml)• :X) 

1529 Eugenol Sister chromatid Chinese hamster ovary cells 273-326 11g/ml Positiveb.u Galloway et al. (1987) ~ 
exchange ;;:: 

1529 Eugenol Sister chromatid Chinese hamster ovary cells 11-123Jlg/ml Weakly Galloway et al. (1987) r-
r-

exchange positivec.v ;:s 
1529 Eugenol Sister chromatid Syrian hamster embryo cells 0.00003-0.001% v/v Weakly Fukuda (1987) tn 

exchange (0.3-1 0 Jlg/ml)k positivev 11'1 

~ 1529 Eugenol Sister chromatid Chinese hamster ovary cells 75-326 Jlg/ml Positived National Toxicology 

~ exchange Program (1983) 
1529 Eugenol Sister chromatid Chinese hamster ovary cells 75Jlg/ml Positived.g Tennant et al. (1987) 0 

exchange Sl 
1529 Eugenol Chromosomal Chinese hamster fibroblast cells 125Jlg/ml Negativew I shidate et al. ( 1984) ~ aberrations Positivex ::::! 
1529 Eugenol Chromosomal Chinese hamster ovary cells 198-300 11g/ml Negativec.h Galloway et al. (1987) n:; 

aberrations C/) 

1529 Eugenol Chromosomal Chinese hamster ovary cells 201-324 Jlg/ml Weakly Galloway et al. (1987) 
aberrations positiveb.y 

1529 Eugenol Chromosomal Chinese hamster ovary cells 50, 100 or 200 Jlg/ml Negativez Stich et al. (1981) 
aberrations 

1529 Eugenol Chromosomal Chinese hamster ovary cells 0.8-1.6 mmol/1 Positiveb.aa Bean et al. (1992) 
aberrations (131-263Jlg/ml)• ..... 

Q) 

"' 



Table 7 (contd) -Q) 
Q) 

No. Agent End-point Test object Dose or concentration Results Reference 

1529 Eugenol Chromosomal Chinese hamster ovary cells 1.2, 1.4 or 1.6 mmol/1 Positiveb.h.bb Bean & Galloway (1993) 
aberrations (197, 230 or 263 llg/ml)8 

1529 Eugenol Chromosomal Chinese hamster ovary cells 198-324 llg/ml Positiveb National Toxicology 
aberrations Program (1983) 1'1'1 

1529 Eugenol Chromosomal Chinese hamster ovary cells 300 llg/ml Positiveb,g Tennant et al. (1987) c:: 
C) 

aberrations ~ 
1529 Eugenol Unscheduled DNA Male Fischer 344 rat 0.1-1 000 !lmOI/1 Negative Burkey et al. (2000) c 

synthesis hepatocytes (0.01642-164.2 llg/ml)8 
,.... 
):, 

1529 Eugenol Unscheduled DNA Female B6C3F1 mouse 0.1-1 000 llmol/1 Negative Burkey et al. (2000) e5 synthesis hepatocytes (0.01642-164.2 llg/ml)• :ll 
1529 Eugenol Unscheduled DNA Male Fischer 344 rat 1 0-6-1 0-3 mol/1 Negative'' Howes et al. (1990) ~ 

synthesis hepatocytes (0.1642-164.2 llg/ml)• ):, 

1529 Eugenol Unscheduled DNA Syrian hamster embryo cells 0.00003-0.0001% v/v Positiveb Fukuda (1987) fil 
synthesis (0.3-1 llg/ml)k 0 

::t 
1529 Eugenol Unscheduled DNA Male Sprague-Dawley rat 0.1, 0.25, or 0.5 mmol/1 Negative Allavena et al. ( 1992) ;:§ 

synthesis hepatocytes (16, 41 or 82 !lg/ml) :ll 
1531 Eugenyl Unscheduled DNA Male Sprague-Dawley rat 1, 2.5, 5, 10 or 15 llg/ml Negativedd San & Reece (2003) ~ 

acetate synthesis hepatocytes ~ ,.... 
In vivo 

,.... 
rs 1529 Eugenol Micronucleus Male Swiss CD-1 mice 680 mg/kg bw/day Negative•• Rompelberg et al. (1995) Ill 

induction (bone marrow) for 15 days 1'1'1 

1529 Eugenol Micronucleus Male B6C3F1 mice 150, 300 or 600 mg/kg Negative" Shelby et al. (1993) ~ 
induction (bone marrow) bw/day for 3 days ~ 1529 Eugenol Micronucleus Humans (lymphocytes) 150 mg/day for 7 days Negativehh Rompelberg et al. (1996b) 0 
induction (1.7 to 2.2 mg/kg ~ bw/day)99 

1529 Eugenol Micronucleus Male CF1 mice (bone marrow) 400 mg/kg bw Positive•.;; Ellahuene et al. (1994) ~ 
induction :::! 

~ 
(/) 



Table 7 (contd) Ill c:: 
Cl 

No. Agent End-point Test object Dose or concentration Results Reference ~ 
0 

1529 Eugenol Micronucleus Male Sprague-Dawley rats 1340 or 2680 mg/kg bw Negativeii 
r-

Allavena et al. (1992) ~ 
induction (bone marrow) ~ 

1529 Eugenol Micronucleus Male CF1 mice (bone marrow) 100, 400 or 600 mg/kg Positiveff.kk.ll Ellahuene et al. (1994) :n 
induction bw PJ 

1529 Eugenol Micronucleus Male Sprague-Dawley rats 1340 mg/kg bw NegativeH.mm Allavena et al. (1992) ~ 

induction (liver and bone marrow) iTl 
1529 Eugenol Micronucleus Male Wistar rats (bone marrow) 500 or 1 000 mg/kg bw Negativehh.nn Rompelberg et al. (1996a) tJ 

:X: 
induction per day for 1 0 days ti 

1529 Eugenol Micronucleus Female Sprague-Dawley rats 335, 670 or 1340 mg/kg Negative11 Maura et al. (1989) :n 
induction (bone marrow) bw ~ 

1529 Eugenol Micronucleus Male ddY mice (bone marrow) 100, 200, 400 or 800 Negative" Hayashi et al. (1984) ~ 
induction mg/kg bw r-

r-
1529 Eugenol Micronucleus Male Swiss Webster mice 148n, 74011 or14794hh Positive Woolverton et al. (1986) iS 

induction (bone marrow) mg/kg bw OJ 
1529 Eugenol Unscheduled DNA Male Sprague-Dawley rats 1340 or 2680 mg/kg bw Negativeii Allavena et al. (1992) Ill 

~ synthesis (hepatocytes) 

~ 1529 Eugenol Unscheduled DNA Male Wistar rats (hepatocytes) 500 or 1 000 mg/kg bw NegativeH.oo Rompelberg et al. (1996a) 
synthesis per day for 1 0 days tJ 

1529 Eugenol DNA fragmentation Female Sprague-Dawley rats 1, 5 or 1 0 m mol/kg bw Negativeii Maura et al. (1989) ~ (granuloma cells) (164, 821 or 1642 mg/kg ;;: bw)a ::::! 
1529 Eugenol DNA fragmentation Female Sprague-Dawley rats 1340 mg/kg bw Negativeii Maura et al. (1989) ~ 

(liver and kidney) (Jj 

1529 Eugenol DNA fragmentation Male Sprague-Dawley rats 1340 or 2680 mg/kg bw Negativeii.PP Allavena et al. (1992) 
(hepatocytes) 

1529 Eugenol Chromosomal Humans (lymphocytes) 150 mg/day for 7 days Negativehh Rompelberg et al. (1996b) 
aberration (1.7-2.2 mg/kg bw per 

day)99 
1529 Eugenol Mutation Female Sprague-Dawley rats 1, 5 or 10 mmol/kg bw Negativeii Maura et al. (1989) ..... 

(granuloma cells) (164, 821 or 1642 mg/kg 
Q) 
<o 

bw)a 



Table 7 ( contd) 

m 

w 

Calculated from relative molecular mass for eugenol = 164.203 
With metabolic activation 
Without metabolic activation 
With and without metabolic activation 
Pre-incubation method 
Spot test 
Lowest dose that gave positive results or highest dose that gave negative results 
Cytotoxicity observed at highest dose 
Toxic to strains TA97, TA 100 and TA 104 at 3000 ~-tg/plate 
Modified liquid suspension test system 
Calculated from density of eugenol = 1.07 g/ml 
Toxic to all strains at 1200 11g/plate 
Cytotoxicity observed at 5~-tmol/plate (821 ~-tg/plate) 
Toxic to all strains at 5000 11g/plate 
Cytotoxicity observed at 333.3~-tg/plate in strains TA 100 and TA 1537 
Statistically significant in strain TA98 at 500 ~-tg/plate 
Statistically significant in strain TA 1537 at 10, 50, 150 and 500 ~-tg/plate; at least twice the number of revertants per plate as in negative control 
only in first of three determinations 
3 · -Phosphoadenosine-5 · -phosphosulfate included in metabolic activation mix 
No effects with or without metabolic activation in strains TA97 and TA 1 00; weak effects in strains TA98 and TA 102 
Cytotoxicity observed at 64 and 128 ~-tg/ml 
Increases at doses that caused severe cell cycle delay 
Statistically significant, but induced level not twice that in the control 
A 24 h; dose is highest non-cytotoxic dose used 
At 48 h; dose is that at which maximum effect obtained 
In the first trial, cells fixed at about 10.5 h showed a small increase in chromosomal aberrations at the highest dose; in the second trial (with a 
harvesting time of 20 h), clear increase observed. 
Slight increase in incidence at 200 ~-tg/ml (2.0%) relative to controls (0.8%) 

.... 
10 c 



Table 7 (contd) 

•• In the first trial, with harvesting 15.0 and 24.5 h after treatment initiation, cell viability was 57% and 37% that of controls after incubation with 
0.8 mmol/1 of eugenol, and 53% and 43% that of controls after incubation with 1.2 mmol/1 of eugenol. The percentage of aberrant cells 
increased to a maximum of 25.5% at harvesting 15 h after incubation with 0.8 mmol/1 of eugenol. In the second trial, the aberration yield shifted 
with the cytotoxicity, as concentrations of 1.2-1.6 mmol/1 of eugenol was as cytotoxic as 0.8 mmol/1 in the first trial. Maximum percentage of 
aberrant cells (26.5%) on harvesting 17 h after incubation with 1.6 mmol/1 of eugenol 

bb Cells harvested 20-21 h or 42-44 h after beginning of 3-h treatment with eugenol. Severe cell cycle delay observed 20 h after incubation with 
1.6 mmol/1 of eugenol, and chromosomal aberrations accompanied by a reduction in cell counts to about 50% that of controls 

cc Cytotoxicity observed at 500 J.tmol/1 
dd Cytotoxicity observed at 10 and 15 J.tg/ml 
ee Administered in diet 

Administered by intraperitoneal injection 
gg Range of doses calculated on basis of body weight range of volunteers: 68-88 kg 
hh Administered orally 

Sampling 24, 30 or 48 h after intraperitoneal injection 
Administered by gavage 

kk Sampled once, 30 h after intraperitoneal injection 
Significant increases at 400 and 600 mg/kg bw of eugenol 

mm Rats underwent two-thirds hepatectomy 20 h before eugenol administered 
nn Slight, not statistically significant increase in percentage of polychromatic erythrocytes at 1 000 mg/kg bw per day 
oo Hepatocytes from rats pre-treated with 500 mg/kg bw of eugenol and then exposed in vitro to dimethyl sulfoxide had significantly lower mean net 

nuclear grain count than control hepatocytes (dimethyl sulfoxide}; no results for 1000 mg/kg bw eugenol plus dimethyl sulfoxide 
PP Observed 4 and 20 h after seeding 
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Shibamoto (1982) reported positive results, observed as evidence of preferential 
lethality of eugenol for M45 rec- cells. The authors noted, however, that as the 
eugenol sample used was somewhat oily it did not diffuse effectively in the aqueous 
agar layer. Therefore, the H 17 rec+ cells (which had a doubling time of 48 m in, to be 
compared with 75 min for M45 rec-) might have grown before the sample diffused 
effectively, which would have resulted in smaller inhibition zones than in the M45 
rec- cells. 

In an assay for forward mutation in mouse lymphoma cells, eugenol was 
mutagenic in L5178Y cells at concentrations of 21.3-128 11g/ml (0.13-0.78 mmol/1) 
(Tennant et al., 1987; Myhr & Caspary, 1991 ). The concentrations used, however, 
were highly cytotoxic. In the two trials conducted by Myhr and Caspary (1991 ), a 
negative correlation was found between mutation frequency and relative total growth. 
In the first trial, the relative total growth was 16-28% at a eugenol concentration of 
80 nl/ml and 5-11% at a concentration of 120 nllml. In the second trial, the relative 
total growth was 5-30% at a concentration of 40 nl/ml and 4% at 60 nl/ml. The 
mutation frequency increased by 4.2- and 2.2-fold at the highest doses tested in the 
first and second trials, respectively. According to Myrh and Caspary (1991 ), the 
interaction between eugenol and the cells was not well controlled, and additional 
studies are necessary to characterize the dose-response relation better. 

Assays for sister chromatid exchange in mammalian cells conducted with 
eugenol gave equivocal results (National Toxicology Program, 1983; Jansson et al., 
1986; Fukuda, 1987; Galloway et al., 1987; Tennant et al., 1987). In human peripheral 
lymphocytes, no sister chromatid exchange was induced at eugenol concentrations 
:<=; 82.1 11g/ml (0.5 mmol/1)' (Jansson et al., 1986). When 0.3-10 11g/ml [0.00003-
0.001% (v/v)] of eugenol were incubated with Syrian hamster embryo cells, a 
significant increase (p < 0.001) in sister chromatid exchange was reported but at 
less than twice the level found in negative controls (Fukuda, 1987). Weak induction 
of sister chromatid exchange was reported in Chinese hamster ovary cells incubated 
with 11-123 11g/ml (0.07-0.75 mmol/1) of eugenol in the absence of metabolic 
activation, and positive results were observed after incubation with 273-326 11g/ml 
(1.7-2.0 mmol/1) of eugenol in the presence of metabolic activation. The authors 
commented that the increase in sister chromatid exchange observed with and without 
metabolic activation occurred at doses that caused severe cell cycle delay (Galloway 
et al., 1987). Sister chromatid exchange was induced in Chinese hamster ovary 
cells incubated with 75-326 11g/ml (0.5-2.0 mmol/1) of eugenol in the absence and 
presence of metabolic activation (National Toxicology Program, 1983; Tennant et 
al., 1987). 

Equivocal results were reported in standard assays for chromosomal 
aberration (Stich et al., 1981; National Toxicology Program, 1983; lshidate et al., 
1984; Galloway et al., 1987; Tennant et al., 1987; Bean et al., 1992; Bean & Galloway, 
1993). In a study designed to investigate the optimal sampling time for detecting 
chromosomal aberrations in Chinese hamster ovary cells, significant increases in 
chromosomal aberrations were reported at eugenol concentrations of 131-263 !lglml 
(0.8-1.6 mmol/1) in the presence of metabolic activation (Bean et al., 1992). In the 
first of two trials, when cells were harvested 15 and 24.5 h after the beginning of 
treatment, cell viability was 57% and 37% that of controls, respectively, after 
incubation with 0.8 mmol/1 of eugenol, and 53% and 43% that of controls after 
incubation with 1.2 mmol/1 of eugenol. The percentage of aberrant cells increased 
to a maximum of 25.5% on harvesting 15 h after incubation with 0.8 mmol/1 of eugenol. 
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In the second trial, the aberration yield shifted with the cytotoxicity, as concentrations 
of 1.2-1.6 mmol/1 of eugenol were as cytotoxic as 0.8 mmol/1 in the first trial. The 
maximal increase in the percentage of aberrant cells (26.5%) was found at harvest 
of cells 17 h after incubation with 1.6 mmol/1 of eugenol. 

In a subsequent study with a similar purpose, Chinese hamster ovary cells 
incubated with 197, 230 or 263 11g/ml (1.2, 1.4 or 1.6 mmol/1) of eugenol for 3 hand 
harvested 20 or 44 h after the beginning of treatment showed significant increases 
in chromosomal aberrations. Severe cell cycle delay was observed 20 h after 
incubation with 26311g/ml (1.6 mmol/1) of eugenol, and the chromosomal aberrations 
were accompanied by a reduction in cell count to about 50% that of controls (Bean 
& Galloway, 1993). 

Chromosomal aberrations occurred when Chinese hamster fibroblast cells 
were incubated for 48 h with ::;:; 12511g/ml (0. 77 mmol/1) of eugenol; however, negative 
results were reported after only 24 h of incubation. The dose at which structural 
aberrations were detected in 20% of metaphases was 14.8 mg/ml (lshidate et al., 
1984). In another study, no chromosomal aberrations were found in Chinese hamster 
ovary cells incubated with 50 or 100 11g/ml (0.31 or 0.61 mmol/1) of eugenol; however, 
a slight increase (2.0%) in the incidence of chromosomal aberrations was obtained 
at the highest dose, 200 11g/ml (1.22 mmol/1) when compared with controls (0.8%) 
(Stich et al., 1981 ). Negative results were reported with eugenol in a standard assay 
for chromosomal aberrations without S9 activation at concentrations ::;:; 300 11g/ml 
(1.8 mmol/1), which was a toxic concentration. in the presence of S9 activation, 
weakly positive results were found at concentrations of 201-324 11g/ml 
(1.2-2.0 mmol/1) (Galloway et al., 1987). Induction of chromosomal aberrations 
was reported in Chinese hamster ovary cells exposed to eugenol at concentrations 
of 300-32411g/ml (1.8-2.0 mmol/1) in the presence of metabolic activation (National 
Toxicology Program, 1983; Tennant et al., 1987). Hepatocytes isolated from male 
Fischer 344 rats and female B6C3F1 mice showed no unscheduled DNA synthesis 
after incubation with 0.01642, 0.1642, 1.642, 16.42 or 164.2 11g/ml (0.1, 1, 1 0, 100 
or 1000 11mol/l) of eugenol. The LC50 values for eugenol in this study were 49.311g/ml 
(300 11mol/l) for rat hepatocytes and 32.811g/ml (200 11mol/l) for mouse hepatocytes; 
no unscheduled DNA synthesis induction was observed at these doses (Burkey et 
al., 2000). In a similar study, no unscheduled DNA synthesis was reported in rat 
hepatocytes incubated in the presence of 0.1642-164.211g/ml (1 0-6-1 Q-3 mol/1) of 
eugenol. Cytotoxicity occurred, as indicated by increased activity of lactate 
dehydrogenase, at 82.1 11g/ml (5 x 10-4 mol/1) (Howes et al., 1990). No unscheduled 
DNA synthesis was reported when hepatocytes from male Sprague-Dawley rats 
were exposed for 20 h to 16, 41 or 82 11g/ml (0.1, 0.25 or 0.5 mmol/1) of eugenol 
(AIIavena et al., 1992). Fukuda (1987), however, reported positive results with 
0.3-1 11g/ml [0.00003-0.0001% (v/v)] in an assay for unscheduled DNA synthesis in 
Syrian hamster embryo cells in the presence of metabolic activation. 

When 1, 2.5, 5, 1 0 or 1511g/ml of eugenyl acetate were incubated with isolated 
rat hepatocytes, no unscheduled DNA synthesis was reported. The compound was 
cytotoxic at a concentration of 33 11g/ml, as evidenced by lactate dehydrogenase 
leakage (San & Reece, 2003). 

In vivo 

In a standard assay for micronucleus induction in vivo, groups of eight male 
CF1 mice were given 1 00, 400 or 600 mg/kg bw of eugenol by intraperitoneal injection. 
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The lowest dose did not induce micronucleated polychromatic erythrocytes in the 
bone marrow of the mice, but the intermediate and high doses had significantly 
increased the frequency (p < 0.01) by 30 h after treatment. In groups of eight male 
CF1 mice given 400 mg/kg bw of eugenol by intraperitoneal injection and killed 24, 
30 or 48 h later, significant increases (p < 0.01) in the frequency of micronucleated 
polychromatic erythrocytes were reported, regardless of the time of sacrifice 
{EIIahuef\e et al., 1994). 

Groups of 12 adult male Swiss-Webster mice received 148 or 7 40 mg/kg bw 
of eugenol by intraperitoneal injection or 14 794 mg/kg bw by oral intubation. Bone 
marrow isolated from the femur of each animal showed a significant increase in 
micronucleated polychromatic erythrocytes over that in saline controls; however, 
intraperitoneal administration induced a higher frequency (18.5-20.5%) than oral 
administration (5.7%), with a considerably lower concentration of test material 
(Woolverton et al., 1986). 

Studies in various strains of mice (Hayashi et al., 1984; Shelby et al., 1993; 
Rompelberg et al., 1995) and rats (Maura et al., 1989; Allavena et al., 1992; 
Rompelberg et al., 1996a) and in human lymphocytes (Rompelberg et al., 1996b) 
showed no evidence of mutagenicity. In male ddY mice given eugenol at 100, 200, 
400 or 800 mg/kg bw by intraperitoneal injection, no increase in the frequency of 
micronucleated polychromatic erythrocytes was reported (Hayashi et al., 1984). Male 
CD-1 mice fed a diet containing 0.4% eugenol daily (average intake, about 680 mg/ 
kg bw per day) for 15 days showed no increase in the incidence of micronuclei in 
bone marrow (Rompelberg et al., 1995). No micronuclei were induced when male 
B6C3F1 mice received 150, 300 or 600 mg/kg bw per day by intraperitoneal injection 
for 3 consecutive days {Shelby et al., 1993). 

Male albino Sprague-Dawley rats showed no induction of micronuclei in bone 
marrow after administration of 1340 or 2680 mg/kg bw of eugenol by gavage by 
three protocols. The first involved administering 1340 mg/kg bw of eugenol 20 h 
after a partial hepatectomy, followed by sacrifice at 48 h, while the second protocol 
involved administering 2680 mg/kg bw of eugenol30 and 6 h before sacrifice. In the 
third protocol, 1340 mg/kg bw of eugenol were administered, followed by sacrifice 
at 2 h. No positive dose-dependent relation was observed with these protocols. 
Administration of 1340 or 2680 mg/kg bw by gavage did not induce DNA fragmen
tation in primary cultures of rat hepatocytes 4 and 20 h after seeding (AIIavena et 
al., 1992). 

Groups of four female Sprague-Dawley rats received 335, 670 or 1340 mg/kg 
bw of eugenol orally in an aqueous suspension, half of the dose being administered 
30 h before sacrifice and the second half 6 h before sacrifice. No micronucleated 
polychromatic erythrocytes were induced in bone marrow. At 1340 mg/kg bw, eugenol 
did not induce DNA fragmentation in the liver or kidney after 2, 24 or 48 h of treatment. 
Furthermore, administration of 1.5, 5 or 10 m mol/kg bw (164.2, 821.0 and 1642 mg/kg 
bw, respectively) of eugenol by gavage did not significantly increase the mutation 
frequency or induce DNA fragmentation in granuloma cells. The authors proposed 
that the mutagenic and clastogenic activity of eugenol observed in mammalian cells 
in vitro might be due to the absence of the necessary detoxifying enzymes that exist 
in vivo (Maura et al., 1989). 

In a similar study, male Wistar rats were given 0, 500 or 1000 mg/kg bw per 
day of eugenol in corn oil suspension by gavage for 10 days. No significant increase 
in the occurrence of bone-marrow micronucleated polychromatic erythrocytes was 
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reported at either dose when compared with controls. Under similar conditions, 
primary hepatocyte cultures obtained from male Wistar rats given 500 mg/kg bw 
per day of eugenol orally for 10 days showed no unscheduled DNA synthesis. The 
authors did not report results for unscheduled DNA synthesis in hepatocytes of rats 
given 1000 mg/kg bw eugenol (Rompelberg et al., 1996a). 

In a 7-day, placebo-controlled, cross-over study with a 1-week washout period, 
1 0 healthy male volunteers received a placebo or 150 mg of eugenol daily in the 
form of a capsule (50 mg/capsule) taken orally 3 times a day. On the basis of the 
body weights of the volunteers (68-88 kg), this dose provided about 1.7-2.2 mg/kg 
bw per day of eugenol. Aliquots of blood were collected on days 8 and 22 of the 
study and analysed for micronucleus induction and chromosomal aberrations. 
Eugenol did not increase the background level of micronuclei or chromosomal 
aberrations in human lymphocytes (Rompelberg et al., 1996b). 

Conclusion 

One representative agent of this group, eugenol (No. 1529), gave consistently 
negative results in assays for reverse mutation in various strains of S. typhimurium 
and E. coli. Generally, negative results were also found for DNA repair in B. subtilis 
M45 (rec-) and H17 (rec+) cells; the one positive finding for DNA repair occurred at 
a concentration of 400 ).lg/disc, while a similar study with higher concentrations 
(~ 100 000 ).lg/disc) yielded negative results. In assays for unscheduled DNA 
synthesis in rat and mouse hepatocytes in vitro, no genotoxic activity was observed 
at concentrations ~ 164.2 ).lg/ml of eugenol and ~ 15 ).lg/ml of eugenyl acetate; 
however, one positive result was reported with eugenol in Syrian hamster embryo 
cells at concentrations ~ 1 ).lg/ml. Assays in mammalian cells in vitro in which 
mutagenicity was found (forward mutation in mouse lymphoma cells, sister chromatid 
exchange and chromosomal aberrations) were performed at concentrations that 
resulted in cytotoxicity or severe cell cycle delay. Mammalian cells in culture might 
not have the metabolic pathways of detoxication available to counter such toxicity. 
Assays for mutagenicity (micronuclei, chromosomal aberrations and mutation) and 
genotoxicity (unscheduled DNA synthesis and DNA fragmentation) in vivo generally 
gave negative results, even at very high doses of eugenol (~ 800 mg/kg bw by 
intraperitoneal injection, ~ 2680 mg/kg bw orally). The two reports of micronucleus 
induction involved doses as high as 740 mg/kg bw given by intraperitoneal injection 
and 14 794 mg/kg bw given orally. The available results indicate that eugenol and 
other hydroxypropylbenzene derivatives are unlikely to pose a significant mutagenic 
or genotoxic risk to humans under the intended conditions of their use as flavouring 
agents. 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated a group of 19 anthranilate derivatives {Table 1) by 
the Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1, p. 170). 
The Committee had previously evaluated two members of this group. Methyl 
anthranilate (No. 1534) was evaluated at the eleventh meeting (Annex 1, reference 
14) and was assigned a conditional ADI 1 of 0-1.5 mg/kg bw. At its twenty-third 
meeting (Annex 1, reference 50), the Committee re-evaluated the conditional ADI of 
methyl anthranilate and recommended that it be converted to an (unconditional} 
ADI of Q-1.5 mg/kg bw. Methyl N-methylanthranilate (No. 1545) was evaluated at 
the twenty-third meeting (Annex 1, reference 50) and was assigned an ADI of 
0-0.2 mg/kg bw. 

' 'Conditional AD I', which signifies an ADI with special considerations, is a term no longer 
used by JECFA. 
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Table 3. Summary of results of safety evaluations of anthranilate derivatives used or proposed to be used as flavouring agents 

Flavouring agent 

Structural class I 

Methyl anthranilate 

Ethyl anthranilate 

Butyl anthranilate 

No. CAS No. and 
structure 

1534 134-20-3 

H_WH 0 

ifo/ 

1535 87-25-2 

H_WH 0 

((o~ 

StepA3• 
Does intake 
exceed the 
threshold for 
human intake? 

Yes 
Europe: 804 
USA: 3764 

No 
Europe: 14 
USA: 39 

1536 7756-96-9 No 
H H Europe: 0.003 

M~A14 

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

No 

NR 

NR 

StepA5 
Adequate margin 
of safety for the 
flavouring agent 
or related 
substance? 

Comments 

Yes. The NOEL of 150 See note 1 
mg/kg bw per day 
(Annex 1, reference 50) 
is> 11 000 and> 2300 
times the estimated daily 
intakes of 13 and 63 
J.tg/kg bw in Europe and 
the USA, respectively, 
when used as a flavouring 
agent. 

NR See note 1 

NR See note 1 

Conclusion based 
on estimated daily 
intake 

An ADI of 0-1.5 mg/kg 
bw was established for 
methyl anthranilate by 
the Committee at its 
twenty-third meeting 
(Annex 1, reference 
50), which was 
maintained at the 
present meeting. 

No safety concern 

No safety concern 



Table 3 /contd) :.:. 
~ 

Flavouring agent No. CAS No. and StepA3• Step A4 StepA5 Comments Conclusion based 
:i! 
~ structure Does intake Is the flavouring Adequate margin on estimated daily ~ 

exceed the agent or are its of safety for the intake r:: 
threshold for metabolites flavouring agent :.:. 

~ human intake? endogenous? or related 
0 

substance? 
~ 

Isobutyl anthranilate 1537 7779-77-3 No NR NR See note 1 No safety concern § 

H_N~H 0 Europe: 1 ::! 
~ 

(re 
USA: 0.4 (/) 

I 
cis-3-Hexenyl 1538 65405-76-7 No NR NR See note 1 No safety concern 
anthranilate H_WH 0 ::urope: ND (conditional) 

({o~ 
JSA: 53b 

Clt,ooollyl anthmollato 1~~ No NR NR See note 1 No safety concern 
Europe: 7b (conditional) 
USA: 9b 

Linalyl anthranilate 1540 7149-26-0 No NR NR See note 1 No safety concern 

6to~ 
Europe: 0.04 
USA: 0.07 

1\) 

!::l 



Table 3 /contd) 1\) 
0 

"" 
Flavouring agent No. CAS No. and Step A3• Step M Step A5 Comments Conclusion based 

structure Does intake Is the flavouring Adequate margin on estimated daily 
exceed the agent or are its of safety for the intake 
threshold for metabolites flavouring agent 
human intake? endogenous? or related 

substance? 

Cyclohexyl- 1541 7779-16-0 No NR NR See note 1 No safety concern 
anthranilate 

H 
Europe: ND 'N==H 

()-{-{) 
USA: 0.007 

j3-Terpinyl - 1t;LI.? 1LI.LI.R1.<;?.R No NR NR See note 1 No safety concern 
H 

anthranilate 11 Europe: 0.004 

cy~ 
USA: 1 

Phenylethyl - 1543 133-18-6 No NR NR See note 1 No safety concern ):. 
anthranilate 

Qyo 

Europe: 2 <: 
USA: 7 :i! 

H.-N'H O ~ ~ 
<: r:: 
):. 

j3-Naphthyl- 1544 63449-68-3 No NR NR See note 1 No safety concern nl 
anthranilate Q-10 Europe: ND 0 

HN~Ho--co 
USA: 2 ~ 

§ 
:::! 
li1 
(/) 



Table 3 /contd) ):. 
<: 

Flavouring agent No. CAS No. and Step A3• Step A4 Step AS Comments Conclusion based :i! 
~ structure Does intake Is the flavouring Adequate margin on estimated daily 
2:: exceed the agent or are its of safety for the intake ..... 

threshold for metabolites flavouring agent ):. 

human intake? endogenous? or related ill 
substance? ~ 

Methyl N-methyl- 1545 85-91-6 No NR NR See note 2 An ADI of 0-0.2 mg/kg § 
anthranilate Europe: 60 bw was established for :::! 

\ USA: 120 methyl N-methyl- ~ 
N~H C/) 

0--{ anthranilate by the 
Committee at its 

? 
twenty-third meeting 
(Annex 1, reference 
50), which was main-
tained at the present 
meeting. 

Ethyl N-methyl- 1546 35472-56-1 No NR NR See note 2 No safety concern 
anthranilate 

'---N...--H 
Europe: 0.03b (conditional) 

0 USA: O.Q4b 

er~ I 

Ethyl N-ethyl- 1547 38446-21-8 No NR NR See note 3 No safety concern 
anthranilate 

~/HO 
Europe: 0.07b (conditional) 
USA: 0.09b 

era~ 
1\) 

~ 



Table 3 /contd) 1\) 
0 
Cl) 

Flavouring agent No. CAS No. and StepA3• Step A4 StepA5 Comments Conclusion based 
structure Does intake Is the flavouring Adequate margin on estimated daily 

exceed the agent or are its of safety for the intake 
threshold for metabolites flavouring agent 
human intake? endogenous? or related 

substance? 

Isobutyl N-methyl- 1548 65505-24-0 No NR NR See note 2 No safety concern 
anthranilate 

............. N/H 0 Europe: 0.07" (conditional) 

~~ 
USA: O.Og> 

Methyl N-formyl- 1549 41270-80-8 No NR NR See note 4 No safety concern 
anthranilate 0 Europe: 0.1b (conditional) 

~-H USA: 0.2b 

0--< 
I )>. 

Methyl N-acetyl- 1550 2719-08-6 No NR NR See note 5 No safety concern :c: 
anthranilate ~ Europe: 0.05b (conditional) :i! 

USA: 0.06b ~ N-H a: 

di r--
)>. 

nl 

~ Methyl N, N-dimethyl- 1551 1 0072-05-6 No NR NR See note 6 No safety concern § 
anthranilate 

~ 
Europe: 15b (conditional) :::! 
USA: 18b ~ 

(/) 

/ 



Table 3 /contd) 

Flavouring agent No. CAS No. and Step A3• Step A4 StepA5 Comments Conclusion based 
structure Does intake Is the flavouring Adequate margin on estimated daily 

exceed the agent or are its of safety for the intake 
threshold for metabolites flavouring agent 
human intake? endogenous? or related 

substance? 

N-Benzoylanthranilic 1552 579-93-1 No NR NR See note 7 No safety concern 
acid Europe: 1b (conditional) 

'!:]_ USA:~ 

d'I ~ OH 

CAS: Chemical Abstracts Service; ND: no intake data reported; N/R: not required for evaluation because intake of the substance was determined to 
be of no safety concern at Step A3 of the procedure. 
Step 2: All the agents in this group can be predicted to be metabolized to innocuous products. The evaluation of these flavouring agents therefore 
proceeded via the A-side of the Procedure. 
• The threshold for human intake for structural class I is 1800 11g/day and 90 11g/day, respectively. All intake values are expressed in 11g/day. The 

combined per capita intakes of flavouring agents in this group are 904 11g/day in Europe and 4030 11g/day in the USA. 
b Intake estimate based on anticipated annual volume of production 

Notes: 
1. Hydrolysed to anthranilic acid, followed by rapid excretion in the urine in conjugated form with glycine (as ortho-aminohippuric acid) or glucuronic 

acid. The alcohols formed on hydrolysis would be oxidized or conjugated with glucuronic acid or sulfate, followed by excretion in the urine. 
2. Hydrolysed to N-methylanthranilic acid, followed by excretion in the urine 
3. Hydrolysed to N-ethylanthranilic acid, followed by excretion in the urine 
4. Hydrolysed to N-formylanthranilic acid, followed by excretion in the urine 
5. Hydrolysed to N-acetylanthranilic acid, followed by excretion in the urine 
6. Hydrolyzed to N,N-dimethylanthranilic acid, followed by excretion in the urine 

)::,. 
:c: 
~ 
~ :c: 
;::::: 
)::,. 

~ 
t:J 

~ 
§ 
:::! 
rii 
Cl) 

7. Conjugated at the carboxylic acid group to glycine and acyl-glucuronic acid conjugates, followed by excretion in the urine ~ 

"' 
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Four of the 19 flavouring agents (Nos 1534, 1535, 1545 and 1546) have 
been reported to occur naturally in foods. They have been detected in, for example, 
starfruit, orange juice, grapefruit juice, strawberries and orange, mandarin and 
tangerine peel oils (Nijssen et al., 2003). The substance that occurs naturally most 
frequently is methyl anthranilate (No. 1534). 

1.2 Estimated daily per capita exposure 

Annual volumes of production have been reported for 10 of the 19 flavouring 
agents in this group (Nos 1534-1537 and 154Q-1545). For the remaining nine 
substances (Nos 1538, 1539, 1546-1552), anticipated annual volumes of production 
were given for their proposed use as flavouring agents. The total reported and 
anticipated annual volume of production of the 19 flavouring agents in this group is 
about 6300 kg in Europe (International Organization of the Flavor Industry, 1995) 
and 30 000 kg in the USA (National Academy of Sciences, 1989; Lucas et al., 1999). 
Methyl anthranilate (No. 1534) accounts for approximately 89% of the total reported 
and anticipated annual volume of production in Europe and 94% in the USA. The 
estimated daily exposure to methyl anthranilate in Europe and the USA is approxi
mately 800 and 3800 11g/person, respectively. Ethyl anthranilate (No. 1535) and 
methyl N-methylanthranilate (No. 1545) account for most of the remaining total 
reported and anticipated annual volume of production (approximately 8% in Europe 
and 4% in the USA). The estimated daily exposure to ethyl anthranilate is 1411g per 
person in Europe and 39 11g per person in the USA; that of methyl N-methyl
anthranilate is 60 11g per person in Europe and 120 11g per person in the USA; and 
that of the remaining flavouring agents in this group is 0.003-15 11g per person in 
Europe and 0.007-53 11g per person in the USA. The estimated daily per capita 
exposure to each agent is reported in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

The 11 anthranilic acid esters (Nos 1534-1544) and the five N-alkyl anthranilic 
acid esters (Nos 1545-1548 and 1551) in this group are expected to be readily 
absorbed, either unchanged or in hydrolysed form. Once absorbed, the unchanged 
esters are hydrolysed in the liver to their corresponding alcohols and carboxylic 
acids (anthranilic acid, N-methylanthranilic acid, N-ethylanthranilic acid or N,N
dimethylanthranilic acid). These anthranilic acid derivatives are then rapidly excreted 
in the urine. 

Given the relative resistance of the amide bond to hydrolysis, the two 
combined amides-esters in this group (Nos 1549 and 1550) are expected to be 
hydrolysed at the methyl ester bond, with rapid excretion of the corresponding 
carboxylic acids (N-formylanthranilic acid or N-acetylanthranilic acid) in the urine, 
either unchanged or in conjugated form. Rather than undergoing hydrolysis at the 
amide bond, N-benzoylanthranilic acid (No. 1552) will be conjugated with glycine or 
glucuronic acid at the free carboxylic acid group, before excretion in the urine. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported and 
an anticipated volume of production were given, the Committee based its evaluation 
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Table 2. Annual volumes of production of anthranilate derivatives used or 
proposed for use as flavouring agents in Europe and the USA 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual Jlg/day Jlg/kg bw foods (kg)c 
volume (kg) per day 

Methyl anthranilate (1534) 
Europe 5 635 804 13 
USA 28 576 3 764 63 61 731 2 

Ethyl anthranilate (1535) 
Europe 101 14 0.2 
USA 299 39 0.7 7 000 

Butyl anthranilate (1536) 
Europe 000 0.003 0.00005 
USA 109 14 0.2 NA 

Isobutyl anthranilate (1537) 
Europe 7 1 000 
USA 3 0.4 0.006 NA 

cis-3-Hexenyl anthranilate (1538) 
Europe NR NA NA 
USA" 300 53 0.9 NA 

Citronellyl anthranilate (1539) 
Europe• 50 7 0.1 
USA• 50 9 0.1 NA 

Linalyl anthranilate (1540) 
Europe 0.3 000 0.0007 
US AI 0.4 000 0.001 NA 

Cyclohexyl anthranilate (1541) 
Europe NR NA NA 
USA 000 0.007 0.0001 NA 

P-Terpinyl anthranilate (1542) 
Europe 000 0.004 0.00007 
USA' 7 1 000 NA 

Phenylethyl anthranilate (1543) 
Europe 11 2 000 
USA 54 7 0.1 NA 

P-Naphthyl anthranilate (1544) 
Europe NR NA NA 
USAI 11 2 000 NA 

Methyl N-methylanthranilate (1545) 
Europe 417 60 1 
USA 912 120 2 + NA 

Ethyl N-methylanthranilate (1546) 
Europe• 0.2 000 0.0005 
USA" 0.2 000 0.0006 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I 
anticipated 
annual 
volume (kg) 

Ethyl N-ethylanthranilate (1547) 
Europe• 0.5 
USA" 0.5 

lntakeb 

11g/day 

000 
000 

Isobutyl N-methylanthranilate (1548) 
Europe• 0.5 000 
USA• 0.5 000 

Methyl N-formylanthranilate (1549) 
Europe• 1 0.1 
USA• 1 0.2 

Methyl N-acetylanthranilate (1550) 
Europe• 0.3 000 
USA• 0.3 000 

Methyl N,N-dimethylanthranilate ( 1551) 
Europe• 1 02 15 
USA" 102 18 

N-Benzoylanthranilic acid (1552) 
Europe• 10 
USA• 10 

Total 
Europe 
USA 

6 336 
30 436 

1 
2 

ANTHRANILATE DERIVATIVES 

Annual volume in 
naturally occurring 

11g/kg bw foods (kg)' 
per day 

0.001 
0.001 

0.001 
0.001 

0.002 
0.003 

0.0008 
0.0009 

0.2 
0.3 

000 
000 

Consumption 
ratiod 

NA 

NA 

NA 

NA 

NA 

NA 

NA, not available; ND, no intake data reported; + reported to occur naturally in foods 
(Njissen et al., 2004), but no quantitative data;-. not reported to occur naturally in foods 
• From International Organization of the Flavor Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1982, 1987) 
b Intake (11g/person per day) calculated as follows: [(annual volume, kg) x (1 x 109 11g/kg)/ 

(population x survey correction factor x 365 days)], where population (10%, 'eaters only')= 
32 x 106 for Europe and 26 x 106 for the USA; where survey correction factor= 0.6 for 
Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of the 
annual flavour volume, respectively, was reported in poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999; National Academy of 
Sciences, 1982) or in the anticipated annual volume. 
Intake (11g/kg bw per day) calculated as follows: [(11g/person per day)/body weight], where 
body weight= 60 kg. Slight variations may occur from rounding. 

'Quantitative data for the USA reported by Stofberg and Grundschober (1987) 
d The consumption ratio is calculated as follows: (annual consumption from food, kg)/(most 

recent reported volume as a flavouring substance, kg) 
• The volume cited is the 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, 
1987; Lucas et al., 1999), if applicable, revealed no reported use as a flavour agent. 

1 Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1982) 
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on the reported volume of production if the exposure estimated from it exceeded the 
exposure estimated from the anticipated volume of production and applied no 
conditions to its decision on safety. If the exposure estimated from the anticipated 
volume of production exceeded the exposure estimated from the reported volume 
of production, the Committee based its evaluation on the anticipated volume of 
production but considered its decision on safety to be 'conditional', pending receipt 
of information on use levels or poundage data by December 2007. In applying the 
Procedure to flavouring agents for which only anticipated volumes of production 
were given, the decision was likewise made conditional. 

Step 1. In applying the Procedure, the Committee assigned all 19 flavouring 
agents in this group to structural class I (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 the agents in this group therefore 
proceeded via the A-side of the Procedure. 

Step A3. The estimated daily intakes of 18 of the 19 flavouring agents (Nos 1535-
1552) are below the threshold of concern (i.e. 1800 11g per person per 
day for class 1). Nine of these 18 substances (Nos 1535-1537 and 154Q-
1545) are reported to be used as flavouring agents; according to the 
Procedure, use of these nine flavouring agents raises no safety concern 
at estimated current exposure. The other nine substances (Nos 1538, 
1539 and 1546-1552) are proposed for use as flavouring agents. 
Although, according to the Procedure, use of these nine flavouring agents 
raises no safety concern at the estimated exposure on the basis of 
anticipated annual volumes of production, more reliable estimates are 
needed. The estimated daily exposure to the remaining agent in this group, 
methyl anthranilate (No. 1534), which is 804 11g per person in Europe 
and 3764 11g per person in the USA, exceeds the threshold of concern 
for class I. Accordingly, the evaluation of methyl anthranilate proceeded 
to step A4. 

Step A4. Methyl anthranilate is not endogenous in humans. Therefore, its evaluation 
proceeded to step A5. 

Step A5. At its twenty-third meeting, the Committee established an ADI of 
0-1.5 mg/kg bw for methyl anthranilate on the basis of a NOEL of 
150 mg/kg bw per day in a short-term study in rats (Annex 1, reference 
50). This NOEL is > 11 000 and > 2300 times greater than the estimated 
daily exposure to methyl anthranilate from its use as a flavouring agent 
in Europe (13 11g/kg bw) and the USA (63 11g/kg bw), respectively. The 
Committee therefore concluded that methyl anthranilate would not present 
a safety concern at the estimated daily exposure. 

The exposure considerations and other information used to evaluate the 19 
anthranilate derivatives in this group are summarized in Table 1. 

1.5 Consideration of secondary components 

All 19 flavouring agents in this group have minimum assay values of 2': 95%. 
Hence, it is not necessary to consider secondary components. 
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1.6 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all 19 agents in this group were to be consumed 
concurrently on a daily basis, the estimated combined exposure would exceed the 
human intake threshold of 1800 1-1g per person per day for class I. All these agents 
are, however, expected to be efficiently metabolized and would not saturate metabolic 
pathways. Overall evaluation of the data indicated that combined exposure to these 
agents would not raise a safety concern. 

1.7 Conclusions 

The Committee maintained the previously established AD Is of Q-1.5 mg/kg 
bw for methyl anthranilate and 0-0.2 mg/kg bw for methyl N-methylanthranilate 
(Annex 1, reference 50). The Committee concluded that use of the flavouring agents 
in this group of anthranilate derivatives would not present a safety concern at the 
estimated exposure level. For nine flavouring agents (Nos 1538, 1539 and 1546-
1552), the evaluation was conditional because the estimated exposure was based 
on anticipated annual volumes of production. The conclusions of the safety 
evaluations of these agents will be revoked if use levels or poundage data are not 
provided before December 2007. The Committee noted that the available data on 
the toxicity and metabolism of the anthranilate derivatives were consistent with the 
results of the safety evaluation conducted with the Procedure. 

2. RELEVANT BACKGROUND INFORMATION 

2.1 Explanation 

The relevant background information summarizes the key scientific data 
applicable to the safety evaluation of 19 anthranilate derivatives used or proposed 
for use as flavouring agents (see Table 1 ). 

2.2 Additional considerations on intake 

The production volumes and exposure values for each flavouring agent are 
reported in Table 2. Four of the 19 flavouring agents in the group have been reported 
to occur naturally in traditional foods (Nijssen et al., 2003). Quantitative data on 
natural occurrence have been reported for two of them (Stofberg & Grundschober, 
1987}: exposure to methyl anthranilate (No. 1534) is due predominately to its 
presence in traditional foods (i.e. it has a consumption ratio :2: 1 ), whereas exposure 
to ethyl anthranilate (No. 1535) is due predominantly to its use as a flavouring agent 
(i.e. it has a consumption ratio< 1 ). 

2.3 Biological data 

2. 3. 1 Biochemical data 

(a) Hydrolysis and absorption 

Ester derivatives 

The group contains 11 anthranilic acid esters (Nos 1534-1544) and five N
alkyl anthranilic acid esters (Nos 1545-1548 and 1551 ). These esters are expected 
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to be hydrolysed to the corresponding alcohols and carboxylic acids (anthranilic 
acid, N-methylanthranilic acid, N-ethylanthranilic acid or N,N-dimethylanthranilic acid), 
catalysed by classes of enzymes known as carboxylesterases or esterases, the 
most important of which are the B-esterases. In mammals, these enzymes occur in 
most tissues, but they predominate in hepatocytes. The substrate specificity of B
esterases has been correlated with the structure of the alcohol and carboxylic moieties 
(Heymann, 1980). 

Data on hydrolysis in vitro have been provided for a series of benzoate esters 
and for two esters of the present group of anthranilate derivatives, methyl anthranilate 
(No. 1534; synonym, methyl ortho-aminobenzoate) and methyl N-methylanthranilate 
(No. 1545; synonym, methyl ortho-methylaminobenzoate). 

The hydrolysis of a number of alkyl benzoate esters (including methyl, ethyl, 
butyl and phenylethyl benzoate) in human blood plasma followed first-order kinetics, 
with half-lives ranging from 15 min to 3.5 h (Nielson & Bundgaard, 1987). 

The hydrolysis of methyl anthranilate (No. 1534) and methyl N-methylanthra
nilate (No. 1545) has been studied in vitro with pancreatin (Leegwater & van Straten, 
1974a; Grundschober, 1977), artificial gastric and pancreatic juices (Gangolli & 
Shilling, 1968; Longland et al., 1977), freshly prepared rat liver and small intestine 
homogenates (Longland et al., 1977) and freshly prepared pig liver and small intestine 
homogenates (Leegwater & van Straten, 1974b; Grundschober, 1977). After 
incubation of methyl anthranilate and methyl N-methylanthranilate with pancreatin 
(in 0.5 mol/1 phosphate buffer at pH 7.5 and 37 °C), no hydrolysis was observed 
after 2 h (Leegwater & van Straten, 1974a; Grundschober, 1977). Little hydrolysis 
was observed when methyl anthranilate was incubated with artificial pancreatic juice 
(in phosphate buffer at pH 7.5 and 37 oC) or with artificial gastric juice (at pH 1.2 and 
37 oc). In artificial gastric juice, only 3% was hydrolysed within 4 h (Gangolli & 
Shilling, 1968), and the time required for 50% hydrolysis ( t0 5) was calculated to be 
5950 min (Longland et al., 1977). In artificial pancreatic juice, hydrolysis was 
somewhat faster, 4% being hydrolysed within 4 h (Gangolli & Shilling, 1968) and a 
t0.5 of 4150 min (Longland et al., 1977). In contrast, preparations of rat and pig 
tissue homogenates were much more efficient in hydrolysing methyl anthranilate 
and methyl N-methylanthranilate. Whereas hydrolysis was still relatively low (15% 
within 2 h for methyl anthranilate and 20% for methyl N-methylanthranilate) after 
incubation with pig intestinal mucosa homogenate (in 0.1 mol/1 phosphate buffer at 
pH 7.5 and 37 °C), hydrolysis was almost complete (> 99% for both esters within 
2 h) after incubation with pig liver homogenate (in 0.1 mol/1 phosphate buffer at pH 
7.5 and 37 °C) (Leegwater & van Straten, 1974b; Grundschober, 1977). Methyl 
anthranilate was also efficiently hydrolysed by rat liver and intestinal mucosal 
homogenates, following first-order kinetics, with half-lives of 26.7 and 2.5 min, 
respectively (Longland et al., 1977). 

The hydrolysis of methyl N-methylanthranilate has been confirmed in vivo in 
rats and humans (Morgareidge, 1963). Three adult male rats were given methyl N
methylanthranilate at a single dose of 1, 5 or 50 mg by stomach tube, after which 
the urine was collected for 24 h and analysed for the hydrolysis product, N-methyl
anthranilic acid, and the hydrolysed N-demethylated product, anthranilic acid. At all 
three doses, the ratio of N-methylanthranilic acid to anthranilic acid was approximately 
20:1. N-Methylanthranilic acid was also the main metabolite excreted in the 7-h 
urine of a volunteer given a capsule containing 150 mg of methyl N-methylanthrani
late, and the ratio of this metabolite to anthranilic acid was also approximately 20:1. 
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Information on absorption was available only for methyl N-methylanthranilate 
(No. 1545). The intestinal absorption of this compound was examined after injection 
of various concentrations ranging from 25 to 260 ppm (in physiological isotonic 
saline) into the duodenal lumen of male Dunkin-Hartley guinea-pigs at a rate of 
6 ml/min. Samples of portal blood taken up to 30 min after administration revealed 
rapid absorption at all concentrations; however, the form in which methyl N
methylanthranilate was absorbed varied according to the concentration. At 25 ppm, 
no unhydrolysed ester was detected in the blood at any time, indicating that methyl 
N-methylanthranilate was absorbed as the hydrolysed form, N-methylanthranilic acid. 
No unhydrolysed ester was observed after 10 m in at 40 ppm or after 20 m in at 
120 ppm. At 260 ppm, the unhydrolysed ester was detected at all times, peaking at 
5 min (Palling et al., 1980). 

Amide derivatives 

The remaining agents in this group of flavouring agents are two combined 
amides-esters (Nos 1549 and 1550) and a benzoyl amide (No. 1552). No data 
were available on their hydrolysis or kinetics; however, it is known that amides are 
more resistant to hydrolysis than esters. Hence, methyl N-formylanthranilate (No. 
1549) and methyl N-acetylanthranilate (No. 1550) are expected to undergo hydrolysis 
of the ester bond more rapidly than hydrolysis of the amide bond, resulting in methanol 
and either N-formylanthranilic acid or N-acetylanthranilic acid. Likewise, it is expected 
that N-benzoylanthranilic acid (No. 1552) will be hydrolysed to only a limited extent. 

(b) Metabolism 

Ester derivatives 

Upon hydrolysis, the 11 anthranilic acid esters in this group (Nos 1534-1544) 
are hydrolysed, principally in the liver, to anthranilic acid and the corresponding 
alcohols (methanol, ethanol, (iso)butanol, cis-3-hexenol, citronellol, linalool, 
cyclohexanol, ~-terpinol, phenylethyl alcohol or ~-naphthol). In its previous review 
of methyl anthranilate (Annex 1, references 50 and 51), the Committee noted that 
anthranilic acid is endogenous in humans (being an intermediate in the metabolism 
of tryptophan) and that anthranilic acid is excreted in the urine, mainly as ortho
aminohippuric acid and to a lesser extent as anthranilic acid glucuronide. The 
Committee previously reviewed data on the metabolism of the corresponding 
alcohols, with the exception of ~-naphthol (Annex 1 , references 23, 132, 138, 161 
and 167). General aspects of their metabolism have been described (Annex 1, 
references 23, 131, 137, 160 and 166). ~-Naphthol is excreted in the urine, mainly 
in conjugated form, as the glucuronide or sulfate, but also in unchanged form (BG 
Chemie, 1995). 

The metabolism of the five N-alkyl anthranilic acid esters in this group (Nos 
1545-1548 and 1551) is consistent with that of the anthranilic acid esters. The ester 
function undergoes hydrolysis, principally in the liver, followed by excretion of the N
alkylanthranilic acid (N-methylanthranilic acid, N-ethylanthranilic acid or N, N
dimethylanthranilic acid) in the urine. In rats and humans, the main reaction of methyl 
N-methylanthranilate is hydrolysis to N-methylanthranilic acid, with little N
demethylation, to yield anthranilic acid (ratio of N-methylanthranilic acid:anthranilic 
acid, approximately 20:1 ); the metabolites are eliminated in the urine (Morgareidge, 
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1963; see Figure 1 ). The metabolism of the corresponding alcohols (methanol, 
ethanol and isobutanol) has been reviewed by the Committee, and general aspects 
of their metabolism have been described (Annex 1, references 23, 131 and 132). 

Amide derivatives 

No data were available on the metabolism of the three amide derivatives in 
this group of flavouring agents. After hydrolysis of the methyl ester group in methyl 
N-formylanthranilate (No. 1549) and methyl N-acetylanthranilate (No. 1550), however, 
the corresponding carboxylic acids will be rapidly excreted in the urine, either 
unchanged or in conjugated form. The metabolism of N-benzoylanthranilic acid (No. 
1552) is expected to proceed rapidly by conjugation with glycine or glucuronic acid 
at the free carboxylic acid group, with or without amide hydrolysis. Besides, any 
amide hydrolysis occurring would result in innocuous benzoic acid and anthranilic 
acid. Hence, the three amide derivatives can be predicted to be metabolized to 
innocuous products. 

2.3.2 Toxicological studies 

(a) Acute toxicity 

Oral LD50 values have been reported for eight of the 19 substances in this 
group, one having been tested in mice, rats as well as guinea-pigs, and the other 
seven only in rats (see Table 3). In mice and guinea-pigs, the oral LD50 values were 
3900 and 2780 mg/kg bw, respectively (Jenner et al., 1964). In rats, the oral LD50 

values ranged from 2910 to 5825 mg/kg bw (Jenner et al., 1964; Gaunt et al., 1970; 
BASF, 1973; Russel, 1973; Levenstein, 1974; Wohl, 1974; Moreno, 1975a,b, 1978; 

Figure 1. Metabolism of anthranilic acid derivatives 
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Table 3. Results of studies of acute toxicity with anthranilate derivatives 
administered orally 

No. Flavouring agent Species; sex LDSO Reference 
(mg/kg bw) 

1534 Methyl anthranilate Mouse; NR 3900 Jenner et al. (1964) 
1534 Methyl anthranilate Rat; M, F 2910 Jenner et al. (1964) 
1534 Methyl anthranilate Rat; NR 5 ml/kg bw BASF (1973) 

(58258
) 

1534 Methyl anthranilate Guinea-pig; M, F 2780 Jenner et al. (1964) 
1535 Ethyl anthranilate Rat; NR 3750 Moreno (1975a) 
1536 Butyl" anthranilate Rat; NR > 5000 Wohl (1974) 
1538 cis-3-Hexenyl anthranilate Rat; NR > 5000 Moreno (1978) 
1540 Linalyl anthranilate Rat; NR 4250 Russel (1973) 
1543 Phenylethyl anthranilate Rat; NR > 5000 Moreno ( 1975b) 
1545 Methyl N-methylanthranilate Rat; F 2250-3380b Gaunt et al. (1970) 
1545 Methyl N-methylanthranilate Rat; NR 3.7 ml/kg bw Levenstein (1974) 

(4177°) 
1549 Methyl N-formylanthranilate Rat; M, F > 5000 Collier & Jones 

(1986) 

F. female; M, male; NR, not reported 
a Calculated from a density of methyl anthranilate= 1.165 (1.161-1.169) g/ml (Lewis, 1999) 
b LD50 between 2250 (0 death) and 3380 (1 00% death) mg/kg bw 
c Calculated from a density of methyl N-methylanthranilate = 1.129 (1.126-1.132) g/ml 
(Lewis, 1999) 

Collier & Jones, 1986). These LD50 values indicate that the acute toxicity of orally 
administered anthranilate derivatives is low. 

(b) Short-term studies of toxicity 

Short-term studies of toxicity were available for only two of the 19 substances 
in this group (Oser et al., 1965; Hagan et al., 1967; Gaunt et al., 1970). The results 
of these studies are summarized in Table 4 and described below. 

Methyl anthranilate (No. 1534) 

Groups of 10 male and 1 0 female wean ling Osborne-Mendel rats were given 
diets containing methyl anthranilate at a concentration of 0, 1 000 or 1 0 000 mg/kg 
of diet, calculated (Food & Drug Administration, 1993) to provide average daily intakes 
of 0, 50 and 500 mg/kg bw, respectively, for 13 weeks. Body weight, food intake and 
general condition were recorded weekly. Haematological examinations carried out 
at termination of the study, included leukocyte and erythrocyte counts, haemoglobin 
and erythrocyte volume fraction. At necropsy, all animals were examined macroscopi
cally, and liver, kidneys, heart, spleen and testes were weighed. These organs and 
the remaining abdominal and thoracic viscera and bone, bone marrow and muscle 
from one hind leg were taken from three to four rats of each sex in the control and 
highest dose group, preserved and examined histopathologically. No treatment
related effects on growth, haematological end-points or organ weights were observed, 
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Table 4. Results of short-term studies of toxicity with in male and female rats 
given anthranilate derivatives in the diet 

No. Substance No. test groups•/ Duration NOEL Reference 
no. per groupb (mg/kg bw 

per day) 

1534 Methyl anthranilate 2/20 13 weeks 500' Hagan et al. 
(1967) 

1545 Methyl N-methyl- 1/30 90 days 19.9' (M) Oser et al. (1965) 
anthranilate 22.2' (F) 

1545 Methyl N-methyl- 3/30 13 weeks 21 (M) Gaunt et al. 
anthranilate 24 (F) (1970) 

a Total number of test groups does not include control animals. 
b Total number per test group includes both male and female animals. 
' Study performed with either a single dose or multiple doses. The dose(s) tested had no 

adverse effects. 

and there were no macroscopic or microscopic changes in the tissues. The NOEL 
was 500 mg/kg bw per day, the highest dose tested (Hagan et al., 1967). 

In a 115-day study of toxicity that was not available to the present Committee 
but was reviewed by the Committee at its twenty-third meeting (Annex 1, references 
50 and 51; Dow, 1967), groups of 10 male and 10 female wean ling rats were given 
diets containing methyl anthranilate at a concentration of 0, 3000 or 1 0 000 mg/kg 
of diet, stated to be approximately equivalent to 0, 150-300 and 500-1 000 mg/kg 
bw per day, respectively. lt was reported that there was no evidence of adverse 
effects at 3000 mg/kg, as judged by appearance, behaviour, growth, mortality, terminal 
haematological examination, final body weights and gross and microscopic 
examination. The only effects observed at 10 000 mg/kg were increased average 
weights of the liver and kidneys and slight (minimal) histological changes in the 
kidneys. The NOEL was 150 mg/kg bw per day and formed the basis for the ADI for 
methyl anthranilate (Annex 1, references 50 and 51). 

Methyl N-methylanthraniline (No. 1545) 

In a 90-day study of toxicity, groups of 15 male and 15 female weanling rats 
of the FDRL strain were given diets containing methyl N-methylanthranilate (dissolved 
in cottonseed oil) at an intended dose of 0 or 20.3 mg/kg bw per day. The actual 
average daily intake was 19.9 mg/kg bw for males and 22.2 mg/kg bw for females. 
Measurements of body weight and food consumption revealed no treatment-related 
effects on growth. Limited haematological and clinical chemistry analyses performed 
on eight rats of each sex per group at week 6 and on all rats at week 12 revealed no 
differences between treated and control animals. At necropsy, all animals were 
examined macroscopically, liver and kidney weights were recorded, and tissue 
samples from approximately 20 major organs and tissues of half the animals per 
group were obtained for histological examination. There were no treatment-related 
effects on liver or kidney weights, and there was no evidence of gross pathological 
or histopathological alterations. The NOEL was 20 mg/kg bw per day, the only dose 
tested (Oser et al., 1965). 
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Groups of 15 male and 15 female weanling CFE rats were given diets 
containing methyl N-methylanthranilate at a concentration of 0, 300, 1200 or 
3600 mg/kg for 13 weeks. These concentrations provided average daily intakes of 
21, 82 and 244 mg/kg bw for males and 24, 95 and 280 mg/kg bw for females. Body 
weight and food intake were recorded weekly. Haematological, clinical chemistry 
and urinary analyses were performed on randomly selected rats from all groups at 
weeks 6 and 13. At necropsy, the weights of the liver, kidneys, brain, heart, spleen, 
stomach, small intestine, caecum, adrenals, gonads, pituitary and thyroid were 
recorded, and gross and histopathological examinations were performed. No 
treatment-related effects on growth, clinical chemistry or urine parameters were 
observed. Haematology revealed a slight but significant leukocytopenia and anaemia 
in animals given 1200 or 3600 mg/kg for 6 weeks (leukocytopenia only in males, 
anaemia in males and females), but these effects were no longer present at week 
13. A statistically significant but very small ( < 1 0%) increase was observed in absolute 
and relative kidney weights in animals at 1200 and 3600 mg/kg. Other organ weights 
were not affected, and no gross abnormalities were seen at necropsy or on the 
histological examination of any organ, including the kidneys. Although the NOEL for 
methyl N-methylanthranilate in this study was 20 mg/kg bw per day, the toxicological 
significance of the effects observed at higher doses is doubtful (Gaunt et al., 1970). 

(c) Long-term studies of toxicity and carcinogenicity 

No long-term studies of toxicity and carcinogenicity were available for any of 
the substances in this group of flavouring agents; however, studies of carcinogenicity 
in mice and rats were available for a related substance, anthranilic acid (National 
Cancer Institute, 1978). These studies were considered by the Committee at its 
twenty-third meeting (Annex 1, references 50 and 51) in the safety evaluation of 
methyl anthranilate. In these studies, groups of 35 male and 35 female B6C3F1 

mice were given diets containing anthranilic acid at a concentration of 25 000 or 
50 000 mg/kg, calculated (Food & Drug Administration, 1993) to provide average 
daily intakes of 3750 and 7500 mg/kg bw, respectively, 5 days per week for 78 weeks. 
The animals were then observed for an additional 26-27 weeks, during which they 
received a basal diet. A control group of 15 male and 15 female mice received the 
basal diet for 1 06 weeks. With the same study protocol, groups of 35 male and 35 
female Fischer 344 rats received diets containing anthranilic acid at a concentration 
of 15 000 or 30 000 mg/kg, calculated (Food & Drug Administration, 1993) to provide 
average daily intakes of 750 and 1500 mg/kg bw, respectively. The Committee 
concluded that, under the conditions of the study, anthranilic acid was not carcinogenic 
to either mice or rats. 

(d) Genotoxicity 

Ten of the 19 flavouring agents in this group (Nos 1534-1537, 1540, 1541, 
1543, 1545, 1549, 1552) have been tested for genotoxicity. The results of these 
tests are summarized in Table 5 and described below. 

In vitro 

No evidence of reverse mutation was observed in standard or modified (pre
incubation method} Ames assays when methyl anthranilate (No. 1534; up to 



Table 5. Results of studies of genotoxicity with anthranilate derivatives :to :c: 
No. Agent End-point Test object Dose or concentration Results Reference :i 

~ 
In vitro :?: ..... 
1534 Methyl anthranilate Reverse mutation S. typhimurium TA98, TA100 0.05-500 Jlg/plate Negative• Kasamaki et al. (1982) :to 

1534 Methyl anthranilate Reverse mutation S. typhimurium TA97, TA102 1 0-1 000 Jlg/plate Negative• Fujita & 8asaki (1987) rTI 
1534 Methyl anthranilate Reverse mutation S. typhimurium TA98, TA100, 33-1800 Jlg/plate Negative•.b Mortelmans et al. (1986) 0 

TA1535, TA1537 ~ 
1534 Methyl anthranilate Mutation E. coliWP2 uvrA 250-2000 Jlg/plate Negative Yoo (1986) § 
1534 Methyl anthranilate DNA repair Bacillus subtilis H 17 and M45 23 Jlg/disc Negative Oda et al. (1979) ::::! 
1534 Methyl anthranilate DNA repair Bacillus subtilis H 17 and M45 20 Jll/disc Weakly Yoo (1986) ~ 

(23 300 Jlg/disc)' positive 
C/) 

1534 Methyl anthranilate Chromosomal Chinese hamster cell line 8241 50 nmol/1 Positive• Kasamaki et al. (1982) 
aberration (0.008 Jlg/ml)d 

1534 Methyl anthranilate Unscheduled DNA Rat hepatocytes 1 0-6-1 0-3 mol/1 Negative Yoshimi et al. (1988) 
synthesis (0.15-151 Jlg/ml)dct 

1535 Ethyl anthranilate Reverse mutation S. typhimuriumTA98, TA100, 10-500 Jlg/plate -89; Negative•·• Mortelmans et al. (1986) 
TA1535,TA1537 10-800 Jlg/plate +89 

1536 Butyl anthranilate Reverse mutation S. typhimuriumTA98, TA100, 1-50 Jlg/plate -89; Negative•·' Zeiger et al. (1987) 
TA1535,TA1537 3.3-280 Jlg/plate +89 

1537 Isobutyl anthranilate Reverse mutation S. typhimuriumTA98, TA100, 1-67 Jlg/plate -89; Negative•·• Mortelmans et al. (1986 
TA1535,TA1537 3.3-333 Jlg/plate +89 

1540 Linalyl anthranilate Reverse mutation S. typhimuriumTA98, TA100, 1-100 Jlg/plate -89; Negative•·g Zeiger et al. (1987) 
TA1535,TA1537 10-666 Jlg/plate +89 

1541 Cyclohexyl Reverse mutation S. typhimurium TA97, TA98, 0.3-20 Jlg/plate -89; Negative a,h Zeiger et al. (1992) 
anthranilate TA100,TA1535 0.3-67 Jlg/plate +89 

1543 Phenyl ethyl Reverse mutation S. typhimurium TA97, TA98, 0.1-10 Jlg/plate -89; Negative•·1 Zeiger et al. (1988) 
anthranilate TA100,TA1535 1-100 Jlg/plate +89 

1545 Methyl N-methyl- Reverse mutation S. typhimurium TA98, TA 1 00 3-5000 Jlg/plate Negative•·l Verspeek-Rip (2003) 
anthranilate 

1545 Methyl N-methyl- Reverse mutation S. typhimurium TA 102, TA 1535, 10-3330 Jlg/plate Negative•.k Verspeek-Rip (2003) 
anthranilate TA1537 1\) ..... 

IQ 



Table 5 (contd) 

No. Agent End-point 

1545 Methyl N-methyl- Reverse mutation 
anthranilate 

1545 Methyl N-methyl- Unscheduled DNA 
anthranilate synthesis 

1549 Methyl N-formyl- Reverse mutation 
anthranilate 

1552 N-Benzoylanthranilic Reverse mutation 
acid 

89, 9000 x g supernatant of rat liver homogenate 
• Without and with metabolic activation (-/+89) 

Test object Dose or concentration Results 

S. typhimuriumTA102, TA1535, 3-1000 fig/plate Negative"·1 

TA1537 
Rat hepatocytes 1 0-6-1 0-3 mol/1 Negative 
(0.16-165 f!g/ml)m 
S. typhimuriumTA98, TA100, 1 00-1 0 000 fig/plate Negative"·" 
TA1538,TA1535,TA1537 
S. typhimuriumTA98, TA100, 15-5000 fig/plate Negative•·o 
TA102,TA1535,TA1537 

b Cytotoxicity observed at highest dose (-/+89) in all strains tested and at 1000 fig/plate -89 in strains TA 100 and TA 1535 
' Calculated from a density of methyl anthranilate of 1.165 (1.161-1.169) g/ml (Lewis, 1999) 
d Calculated from a relative molecular mass of methyl anthranilate = 151 .17 
• Cytotoxicity observed at highest dose (-/+89) in all strains tested 

Reference 

Verspeek-Rip (2003) 

Yoshimi et al. (1988) 

Blowers (1987) 

King (2004) 

' Cytotoxicity observed at highest dose (-/+89) in all strains tested and at next highest dose (i.e. 33 fig/plate -89 and 100 fig/plate +89) in strain 
TA100 

9 Cytotoxicity observed at highest dose (-/+89) in all strains tested and at 333 fig/plate +89 in all strains tested 

~ 
0 

h Cytotoxicity observed at highest dose (-/+89) in all strains tested and at 33 fig/plate +89 in strain TA1535 )::. 
' Cytotoxicity observed at 100 fig/plate +89 in TA97, TA 100 and TA 1535 and at 33 fig/plate +89 in strain TA97 :<: 
i Test carried out with both direct plate assay and pre-incubation assay. In the direct plate assay, cytotoxicity observed at 3330 and 5000 fig/plate ~ 

(-/+89) in both strains tested. In the pre-incubation assay, cytotoxicity observed at 333-5000 fig/plate (-/+89) in both strains tested, except in ~ 
strain TA98 at 333 ~J,g/plate +89. ~ 

k Test carried out with direct plate assay; cytotoxicity observed at 3330 fig/plate (-/+89) in all strains tested ~ 
1 Test carried out with pre-incubation assay; cytotoxicity observed at 333 and 1000 fig/plate (-/+89) in all strains tested, except in strain TA 102 at nl 

333 fig/plate +89 o 
m Calculated from a relative molecular mass of methyl N-methylanthranilate = 165.19 m 
" Cytotoxicity observed at highest dose (-/+89) in strains TA98 and TA 1535 § 
o Without metabolic activation, cytotoxicity observed at 1500 and 5000 fig/plate in strains TA98, TA 100 and TA 1537 and at 5000 f!g/plate in strains ::::! 

TA102 and TA1535. With metabolic activation, cytotoxicity observed at 1500 and 5000 fig/plate in strains TA98, TA100, TA1535 and TA1537 and at ~ 
5000 fig/plate in strain TA 102 en 
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1800 J.Lg/plate), ethyl anthranilate (No. 1535; up to 800 J.Lg/plate), butyl anthranilate 
(No. 1536; up to 280 J.Lg/plate), isobutyl anthranilate (No. 1537; up to 333J.Lg/plate), 
linalyl anthranilate (No. 1540; up to 666J.Lg/plate), cyclohexyl anthranilate (No. 1541; 
up to 67 Jlg/plate), phenylethyl anthranilate (No. 1543; up to 100 J.Lg/plate), methyl 
N-methylanthranilate (No. 1545; up to 5000 J.Lg/plate), methyl N-formylanthranilate 
(No. 1549; up to 10 000 J.Lg/plate) or N-benzoylanthranilic acid (No. 1552; up to 
5000 J.Lg/plate) was incubated with Salmonella typhimurium strain TA97, TA98, TA 100, 
TA1 02, TA1535, TA1537 orTA1538, with and without metabolic activation (Kasamaki 
et al., 1982; Mortelmans et al., 1986; Blowers, 1987; Fujita & Sasaki, 1987; Zeiger 
et al., 1987, 1988, 1992; Verspeek-Rip, 2003; King, 2004). Negative results were 
reported in a test for mutation in which up to 2000 J.Lg/plate of methyl anthranilate 
were incubated with Escherichia coli WP2 uvrA (Yoo, 1986). 

Rec assays for DNA repair in Bacillus subtilis strains M45 and H17 were 
performed with methyl anthranilate (No. 1534). In one study, methyl anthranilate 
gave a negative result at a concentration of 23J.Lg/disc (Oda et al., 1979). In another 
study, methyl anthranilate gave a weakly positive result (Yoo, 1986), but only at a 
1000 times higher concentration (23 300 J.Lg/disc). 

In a non-standard assay designed to maximize the frequency of chromosomal 
aberrations in a Chinese hamster 8241 cell line, methyl anthranilate at a concentration 
of 0.008J.Lg/ml gave a positive result with and without metabolic activation (Kasamaki 
et al., 1982). 

Methyl anthranilate (No. 1534; up to 151 Jlglml) and methyl N-methylanthrani
late (No. 1545; up to 165 J.Lg/ml) did not induce unscheduled DNA synthesis in rat 
hepatocytes (Yoshimi et al., 1988). 

Conclusion 

Ten substances in this group of flavouring agents have been tested and 
found not to induce forward mutation in bacteria in vitro. In addition, methyl 
anthranilate gave negative results in an assay for mutagenicity in E. coli. There was 
some evidence of DNA damage caused by methyl anthranilate in a rec assay with 
B. subtilis, but only at very high concentrations; a rec assay performed with lower 
concentrations of methyl anthranilate gave negative results. 

In mammalian cell systems, methyl anthranilate showed evidence of clasto
genicity in a non-standard assay for chromosomal aberrations, but gave negative 
results in an assay for unscheduled DNA synthesis. Methyl N-methylanthranilate 
also gave negative results when tested for unscheduled DNA synthesis. 

On the basis of the results of available studies of genotoxicity, albeit limited 
in the number of end-points investigated, the Committee concluded that the flavouring 
agents in this group of anthranilate derivatives present no significant genotoxic 
potential. 
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1. EVALUATION 

1. 1 Introduction 

The Committee evaluated a group of 16 flavouring agents (Table 1) by the 
Procedure for the Safety Evaluation of flavouring Agents (see Figure 1, p. 170). This 
group comprised five structurally related isothiocyanates (Nos 1560-1564) that 
included allyl isothiocyanate (No. 1560); six alkylated oxazole analogues (Nos 1553-
1557 and 1569}; two methylated oxazoline analogues (Nos 1558-1559); two 
pyrimidines (Nos 1565-1566); and one pyrazole (No. 1568). None of these agents 
has previously been evaluated by the Committee. Fourteen of the 16 substances 
(Nos 1553-1565 and 1569) have been reported to occur naturally in foods and 
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Table 1. Summary of the results of safety evaluations of miscellaneous nitrogen-containing substances ~ 
0) 

Flavouring agent No. CAS no. and Step 83" Step 84 Are additional data Comments Conclusion based 
structure Does intake Adequate margin of available to perform a on estimated daily 

exceed the safety for the flavouring safety evaluation for intake 
threshold for agent or related substances with an 
human intake? substance? intake exceeding the 

threshold of concern? 

Structural class 11 

Trimethyloxazole 1553 20662-84-4 No Yes. The NOEL of 2.3 N/R See note 3 No safety concern 
Europe: 1b mg/kg bw per day for the (conditional) 

Xr-
USA: 1b related substance 2-

ethyl-4,5-dimethyl-
oxazole (Griffiths et al., 
1979) is 115 000 times 
the estimated daily intake ~ 
of trimethyloxazole of (I) 

0.02 jlg/kg bw in both 
() 

~ Europe and the USA, r-
when used as a flavouring :b :c: 
agent. 111 

0 
2,5-Dirnethyl-4- 1554 30408-61-8 No Yes. The NOEL of 2.3 N/R See note 3 No safety concern ~ 
ethyloxazole Europe: 0.2b mg/kg bw per day for the (conditional) :s: 

j[}--
USA: 0.2b related substance 2-ethyl- :d 

4,5-dimethyloxazole 0 
(Griffiths et al., 1979) is 

C) 

575 000 times the esti- Sl 
mated daily intake 2,5- 1::1 

dimethyl-4-ethyloxazole ~ 
of 0.004 jlg/kg bw in ~ 
both Europe and the ::::! 
USA, when used as a rii 
flavouring agent. 

(fj 



Table 1 (contd) 3!:: 
Cii 

Conclusion based 
() 

Flavouring agent No. CAS no. and Step 83' Step 84 Are additional data Comments ~ 
structure Does intake Adequate margin of available to perform a on estimated daily ..... 

:b 
exceed the safety for the flavouring safety evaluation for intake 

~ threshold for agent or related substances with an 
human intake? substance? intake exceeding the 5i 

threshold of concern? 
~ 

2-Ethyl-4,5-di- 1555 53833-30-0 No Yes. The NOEL of 2.3 N/R See note 3 No safety concern :xl 
methyloxazole Europe: 0.03 mg/kg bw per day (Griffiths (conditional) 0 

)~~ 
C) 

USA: 0.7b et al., 1979) is 4 600 000 ~ 
and 230 000 times the I:J 
estimated daily intake of ~ 2-ethyl-4,5-dimethyloxazole § of 0.00051!g/kg bw in :::! Europe and 0.01 l!g/kg 

~ bw in the USA, when used C/) 

as a flavouring agent. 

2-lsobutyl-4,5-di- 1556 26131-91-9 No Yes. The NOEL of 2.3 N/R See note 3 No safety concern 
methyloxazole 

D)-
Europe: 0.2b mg/kg bw per day for the (conditional) 
USA: 0.2b related substance 2-ethyl-

4,5-dimethyloxazole 
(Griffiths et al., 1979) is 
575 000 times the esti-
mated daily intake of 
2-isobutyl-4,5-dimethyl-
oxazole of 0.0041!g/kg 
bw in both Europe and 
the USA, when used as 
a flavouring agent. 

~ ..... 



Table 1 (contd) ~ 
Q) 

Flavouring agent No. CAS no. and Step 83• Step 84 Are additional data Comments Conclusion based 
structure Does intake Adequate margin of available to perform a on estimated daily 

exceed the safety for the flavouring safety evaluation for intake 
threshold for agent or related substances with an 
human intake? substance? intake exceeding the 

threshold of concern? 

2-Methyl-4,5- 1557 95-21-6 No Yes. The NOEL of 2.3 N/R See note 1,2 No safety concern 
benzo-oxazole Europe: 0.1 b mg/kg bw per day for the (conditional) 

():~>--
USA: ND related substance 2-ethyl-

4,5-dimethyloxazole 
N (Griffiths et al., 1979) is 

1 150 000 times the esti-
mated daily intake of 
2-methyl-4,5-benzo-oxa- ~ zole of 0.002 11g/kg bw in (/) 

both Europe and the USA, 0 
~ when used as a flavouring ..... 

agent. :to 

2,4-Dimethyl-3- 1558 77311-02-5 No Yes. The NOEL of 41 N/R See note 3 No safety concern ~ 
oxazoline Europe: 0.07b mg/kg bw per day for the (conditional) 5i 

~ 
USA: ND related substance 2,4,5- 2:: 

trimethyl-i'l-3-oxazoline :x! 
(Morgareidge, 1972) is 0 
41 000 000 times the esti-

(;) 

mated daily intake of 2,4- ~ 
dimethyl-3-oxazoline of ~ 0.001 11g/kg bw in both 
Europe and the USA, when );: 
used as a flavouring agent. :::! 

rii 
(/) 



Table 1 (contd) ~ 
(/) 

Flavouring agent No. CAS no. and Step 83• Are additional data Conclusion based 
C') 

Step 84 Comments ~ 
structure Does intake Adequate margin of available to perform a on estimated daily ,... 

):. 
exceed the safety for the flavouring safety evaluation for intake 

~ threshold for agent or related substances with an 
human intake? substance? intake exceeding the ~ 

threshold of concern? 
~ 

2,4,5-Trimethyl-1'.3- 1559 22694-96-8 No Yes. The NOEL of 41 N/R See note 3 No safety concern :ti 
oxazoline Europe: 0.04 mg/kg bw per day 0 

t;) 
USA: 0.01 (Morgareidge, 1972) is ~ 

)::>-- approximately 60 000 000 0 
and 205 000 times the esti- m mated daily intake of 2,4,5-
trimethyl-t.-3-oxazoline of :;;;: 

:::! 0.0007 11g/kg bw in Europe n1 and 0.0002 11g/kg bw in the (/) 

USA, when used as a fla-
vouring agent. 

Allyl isothiocyanate 1560 57-06-7 Yes Yes. The NOEL of 12 See notes 4 No safety concern 
Europe: 1502 mglkg bw per day (Na- and 5 
USA: 133 tional Toxicology Pro-

~s 
gram, 1982) is> 400 
and > 5000 times the ~N~c 
estimated daily intake of 
allyl isothiocyanate of 
25 11g/kg bw in Europe 
and 2.2 11g/kg bw in the 
USA, when used as a 
flavouringagent. 

~ 
<c 



Table 1 (contd) 

Flavouring agent 

Butyl isothio
cyanate 

Benzyl isothio
cyanate 

No. CAS no. and 
structure 

1561 592-82-5 

1562 622-78-6 

Step B3• 
Does intake 
exceed the 
threshold for 
human intake? 

No 
Europe: 2b 
USA: ND 

No 
Europe: 1b 
USA: 0.4b 

Step B4 
Adequate margin of 
safety for the flavouring 
agent or related 
substance? 

Are additional data 
available to perform a 
safety evaluation for 
substances with an 
intake exceeding the 
threshold of concern? 

Yes. The NOEL of 12 N/R 
mg/kg bw per day for the 
related substance allyl 
isothiocyanate (National 
Toxicology Program, 1982) 
is 400 000 times the esti-
mated daily intake of butyl 
isothiocyanate of 0.03 11g/ 
kg bw in Europe, when 
used as a flavouring agent. 

Yes. The NOEL of 5 N/R 
mg/kg bw per day for the 
related substance phenethyl 
isothiocyanate (Ogawa et al., 
2001) is 250 000 and about 
700 000 times the estimated 
daily intake of benzyl isothio
cyanate of 0.02~-tg/kg bw in 
Europe and 0.007~-tg/kg bw 
in the USA, when used as a 
flavouring agent. 

Comments 

See notes 4 
and 5 

See note 4 

Conclusion based 
on estimated daily 
intake 

No safety concern 
(conditional) 

No safety concern 
(conditional) 



Table 1 (contd) ~ 
C/) 

Flavouring agent No. CAS no. and Step 83• Step 84 Are additional data Comments Conclusion based 
C') 

~ 
structure Does intake Adequate margin of available to perform a on estimated daily r--

:to exceed the safety for the flavouring safety evaluation for intake 

~ threshold for agent or related substances with an 
human intake? substance? intake exceeding the ~ threshold of concern? 

~ 
Phenethyl isothio- 1563 2257-09-2 No Yes. The NOEL of 5 N/R See note 4 No safety concern ~ 
cyanate Europe: 0.4b mg/kg bw per day (Ogawa (conditional) 0 

C) 

s.,c~ 
USA: 0.5b et al., 2001) is 700 000 and ~ about 600 000 times the 0 

"N estimated daily intake of ~ phenethyl isothiocyanate 
of 0.007 j.lg/kg bw in § 

::::! 
Europe and 0.008 j.lg/kg 

~ bw in the USA, when used C/) 

as a flavouring agent. 

3-Methylthiopropyl 1564 505-79-3 No Yes. The NOEL of 30 N/R See note 4 No safety concern 
isothiocyanate Europe: 13 mg/kg bw per day (Harper 

USA: 52 et al., 1961) is 150 000 and 
/s~"-/.N,. 30 000 times the estimated 

C.:::-s daily intake of 3-methylthio-
propyl isothiocyanate of 
0.2 j.lg/kg bw in Europe and 
0.9 j.lg/kg bw in the USA, 
when used as a flavouring 
agent. 



Table 1 (contd) 

Flavouring agent No. 

4-Acetyl-2-methyl- 1565 
pyrimidine 

4,5-Dimethyl-2- 1569 
propyloxazole 

CAS no. and 
structure 

67860-38-2 

}-N 0 
N'~ 

Step 83• 
Does intake 
exceed the 
threshold for 
human intake? 

No 
Europe: NO 
USA: 0.01 

53833-32-2 No 
Europe: 0.1 b 

)c~~ USA: 0.1b 

Step 84 
Adequate margin of 
safety for the flavouring 
agent or related 
substance? 

Yes. The NOEL of 1 mg/kg 
bw per day (Peano, 1981) 
is 5 000 000 times the esti
mated daily intake of 4-
acetyl-2-methylpyrimidine 
of 0.0002Jlg/kg bw in the 
USA, when used as a 
flavouring agent. 

Yes. The NOEL of 2.3 
mg/kg bw per day for the 
related substance 2-ethyl-
4,5-dimethyloxazole 
(Griffiths et al., 1979) is 
1 150 000 times the esti
mated daily intake of 4,5-
dimethyl-2-propyloxazole 
of 0.002 11g/kg bw in both 
Europe and the USA, 
when used as a flavouring 
agent. 

Are additional data 
available to perform a 
safety evaluation for 
substances with an 
intake exceeding the 
threshold of concern? 

N/R 

N/R 

Comments 

See note 4 

See note 3 

Conclusion based 
on estimated daily 
intake 

No safety concern 

No safety concern 
(conditional) 



Table 1 ( contd) ~ 
(/) 

Comments Conclusion based 
0 

Flavouring agent No. CAS no. and Step 83• Step 84 Are additional data P3 
structure Does intake Adequate margin of available to perform a on estimated daily ..... 

):. 
exceed the safety for the flavouring safety evaluation for intake 

~ threshold for agent or related substances with an 
human intake? substance? intake exceeding the ~ threshold of concern? 

~ 
Structural class Ill ~ 

0 
5,7-Dihydro-2- 1566 36267-71-7 No Yes. The NOEL of 6.6 N/R See note 2 No safety concern C) 

methylthieno(3,4-d)- Europe: ND mg/kg bw per day ~ 
pyrimidine 

s~Y 
USA: 0.4 (Shellenberger, 1970) is tJ 

1 100 000 times the esti- ~ 
mated daily intake of 5,7- :;;: 
dihydro-2-methylthieno- :::! 
(3,4-d)pyrimidine of t;:i 
0.006 !lg/kg bw in the 

(/) 

USA, when used as a 
flavouring agent. 

1-Phenyl-3- or -5- 1568 65504-93-0 No Yes. The NOEL of 25 N/R See note 2 No safety concern 
propylpyrazole Europe: ND mg/kg bw per day 

USA: 0.2 (Posternak et al., 1969) 

~'>-o 
is about 6 000 000 times 
the estimated daily intake 
of 1-phenyl-3- or -5-propyl-
pyrazole of 0.004 !!g/kg bw 

-"~ 
in the USA, when used as 
a flavouring agent. 

0 ~ 



Table 1 ( contd) 

CAS, Chemical Abstracts Service; ND, no intake data reported; N/R, not required for evaluation because consumption of the substance was 
determined not to exceed the threshold of concern at Step 83 of the Procedure 
Step 1: Fourteen flavouring agents are in structural class 11 (Nos 1553-1565 and 1569), and two are in structural class Ill (Nos 1566 and 1568). 
Step 2: None of the miscellaneous nitrogen derivatives (Nos 1553-1566, 1568 and 1569) can be predicted to be metabolized to innocuous prod
ucts. 

• The thresholds for concern for structural classes 11 and Ill are 540 and 90 11g/day, respectively. All intake values are expressed in llg per day. The 
combined per capita intake of the flavouring agents in structural class 11 is 1520 11g per day in Europe and 188 11g per day in the USA. The 
combined per capita intake of the flavouring agents in structural class Ill is 0.611g per day in the USA (no intake data reported for Europe). 

b Intake estimate based on anticipated annual volume of production 

Notes: 
1. Predicted to be absorbed rapidly, followed by ring cleavage and excretion in the urine 
2. Predicted to be readily absorbed, followed by ring hydroxylation and excretion in the urine 
3. Predicted to be readily absorbed, followed by side-chain oxidation and excretion in the urine 
4. Readily absorbed, principally conjugated with glutathione, followed by formation of mercapturic acid conjugate and excretion in the urine 
5. Hydrolysis followed by excretion in the urine 
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have been detected in a variety of vegetables, cooked meats, cocoa, coffee, 
pineapple and papaya (Nijssen et al., 2003). 

1.2 Estimated daily per capita exposure 

Annual volumes of production have been reported for six of the 16 flavouring 
agents in this group (Nos 1559, 1560, 1564-1566 and 1568). For the remaining 1 0 
substances (Nos 1553-1558, 1561-1563 and 1569), anticipated annual volumes 
of production have been given for their proposed use as flavouring agents. The total 
reported and anticipated annual volume of production of the 16 flavouring agents in 
this group is about 10 700 kg in Europe (International Organization of the Flavor 
Industry, 1995) and 1400 kg in the USA (National Academy of Sciences, 1982; 
Lucas et al., 1999). More than 98% of the total reported and anticipated annual 
volume of production in Europe and more than 70% in the USA is accounted for by 
one substance in this group, allyl isothiocyanate (No. 1560). The estimated per 
capita exposure to this substance is about 1500 11g/day in Europe and 130 11g/day 
in the USA. The per capita exposure to all the other flavouring agents in the group is 
0.03-13 11g/day in Europe and 0.01-52 11g/day in the USA (National Academy of 
Sciences, 1982; International Organization of the Flavor Industry, 1995; Lucas et 
al., 1999), most of the values being at the lower end of the range. The estimated 
daily per capita exposure to each agent in Europe and the USA is reported in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

Data on structurally related substances indicate that oxazoles, oxazolines, 
pyrimidines and pyrazoles will be rapidly absorbed, metabolized and excreted in 
the urine. The metabolism of oxazoles involves two pathways: oxazole ring cleavage 
and, if the ring is properly substituted, ring hydroxylation. The presence of a 
substituent at the 2-position tends to stabilize the oxazole ring. 

lsothiocyanates are readily absorbed and distributed to all the main tissues 
in rodents, peak concentrations in the tissues being achieved 2-8 h after dosing. At 
comparable doses, there are clear sex- and species-specific differences in the 
distribution, metabolism and excretion of substituted isothiocyanates. 

Metabolic studies in humans, mice and rats indicate that isothiocyanates 
react readily with reduced glutathione (GSH) to form a conjugate as the principal 
metabolite and that the reaction is catalysed enzymatically by glutathione $
transferase enzymes and non-enzymatically (at a slower rate), both reactions 
occurring in a pH-dependent equilibrium. The isothiocyanate-GSH conjugates formed 
are subsequently excreted into bile, and corresponding N-acetylcysteine adducts 
appear as the major metabolite in urine. A key element of isothiocyanate metabolism 
is the highly electrophilic, reactive central carbon in the group, as it drives Michael 
addition reactions with N-, 0- or $-based nucleophiles (e.g. GSH), giving rise to the 
relatively stable but reversible conjugates implicated in its toxicity. In humans and 
rats, aromatic isothiocyanates are metabolized mainly to the corresponding 
mercapturic acid conjugates, which subsequently hydrolyse to the corresponding 
cysteine conjugates as the major urinary metabolites. The !ability of glutathione 
conjugates under the conditions in the rodent bladder can lead to formation of 
unconjugated, 'free' isothiocyanate and GSH. The presence of free isothiocyanates 
can increase irritation of the rat bladder epithelium. In rabbits, mice and guinea-



236 MISCELLANEOUS NITROGEN DERIVATIVES 

Table 2. Annual volumes of production of miscellaneous nitrogen derivatives 
used or proposed for use as flavouring agents in Europe and the USA 

Agent (No.) Reported" I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual llglday llg/kg bw foods (kg)c 
volume (kg) per day 

Trimethyloxazole (1553) 
Europe• 10 000 
USN 8 000 + NA 

2,5-Dimethyl-4-ethyloxazole (1554) 
Europe• 1.5 0.2 0.004 
USN 1.3 0.2 0.004 + NA 

2-Ethyl-4,5-dimethyloxazole (1555) 
Europe 0.2 000 0.0005 
USAe 4 0.7 000 + NA 

2-lsobutyl-4,5-dimethyloxazole (1556) 
Europe• 1.5 0.2 0.004 
USN 1.3 0.2 0.004 + NA 

2-Methyl-4,5-benzo-oxazole (1557) 
Europe• 0.7 0.1 0.002 
USA N/R ND ND + NA 

2,4-Dimethyl-3-oxazoline (1558) 
Europe• 0.5 000 0.001 
USA N/R ND ND + NA 

2,4,5-Trimethyl-!13-oxazoline (1559) 
Europe 0.3 000 0.0007 
USA 0.09 000 0.0002 + NA 

Allyl isothiocyanate (1560) 
Europe 10 524 1502 25 
USA 1 007 133 2.2 91 825.2 91 

Butyl isothiocyanate (1561) 
Europe• 11 2 000 
USA N/R ND ND + NA 

Benzyl isothiocyanate (1562) 
Europe• 7.0 1 000 
USN 2.5 0.4 0.007 + NA 

Phenethyl isothiocyanate (1563) 
Europe• 2.8 0.4 0.007 
USN 2.8 0.5 0.008 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I 
anticipated 
annual 
volume (kg) 

lntakeb 

11g/day 

Annual volume in 
naturally occurring 

11g/kg bw foods (kg)c 

3-Methylthiopropyl isothiocyanate (1564) 
Europe 89 13 
USA 395 52 

4-Acetyl-2-methylpyrimidine (1565) 
Europe N/R ND 
USA 0.09 000 

per day 

0.2 
0.9 

ND 
0.0002 

5, 7 -Dihydro-2-methylthieno(3,4-d)pyrimidine (1566) 
Europe N/R ND ND 
USA 2.7 0.4 0.006 

1-Phenyl-3- or -5-propylpyrazole (1568) 
Europe N/R ND 
USA' 1.4 0.2 

4,5-Dimethyl-2-propyloxazole (1569) 
Europe• 1.0 0.1 
USA• 0.8 0.1 

Total 
Europe 
USA 

10 650 
1 427 

ND 
0.004 

0.002 
0.002 

110.4 

+ 

+ 

237 

Consumption 
ratiod 

0.3 

NA 

NA 

NA 

NA 

NA, not available; ND, no intake data reported; + reported to occur naturally in foods 
(Njissen et al., 2003), but no quantitative data;-. not reported to occur naturally in foods 
a From International Organization of the Flavor Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1982, 1987) 
b Intake (11g/person per day) calculated as follows: [(annual volume, kg) x (1 x 109 11g/kg)/ 

(population x survey correction factor x 365 days)]. where population (1 0%, 'eaters only') = 
32 x 106 for Europe and 26 x 106 for the USA; where survey correction factor= 0.6 for 
Europe and 0.8 for the USA, representing the assumption that only 60% and 80% of the 
annual flavour volume, respectively, was reported in poundage surveys (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999; National Academy of 
Sciences, 1982) or in the anticipated annual volume. 
Intake (11g/kg bw per day) calculated as follows: [(11g/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 and Grundschober (1987) 
d The consumption ratio is calculated as follows: (annual consumption from food, kg)/(most 

recent reported volume as a flavouring substance, kg) 
• The volume cited is the 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, 
1987; Lucas et al., 1999), if applicable, revealed no reported use as a flavour agent. 

1 Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1982) 
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pigs, however, the cysteine conjugate is hydrolysed and then undergoes 
transamination and cyclization to form a substituted thiazolidine-2-thione as the main 
urinary metabolite. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported and 
an anticipated volume of production were given, the Committee based its evaluation 
on the reported volume of production if the exposure estimated from it exceeded the 
exposure estimated from the anticipated volume of production and applied no 
conditions to its decision on safety. If the exposure estimated from the anticipated 
volume of production exceeded the exposure estimated from the reported volume 
of production, the Committee based its evaluation on the anticipated volume of 
production but considered its decision on safety to be 'conditional', pending receipt 
of information on use levels or poundage data by December 2007. In applying the 
Procedure to flavouring agents for which only anticipated volumes of production 
were given, the decision was likewise made conditional. 

Step 1. In applying the Procedure, the Committee assigned 14 agents in this 
group (Nos 1553-1565 and 1569) to structural class 11 and the remaining 
two agents (Nos 1566 and 1568) to structural class Ill (Cramer et al., 
1978). 

Step 2. None of the flavouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of all flavouring agents 
in this group therefore proceeded via the 8-side of the procedure. 

Step 83. The estimated daily per capita exposure in Europe and the USA of 13 of 
the flavouring agents in structural class 11 (Nos 1553-1559, 1561-1565 
and 1569) and both of the flavouring agents in structural class Ill (Nos 
1566 and 1568) is below the threshold of concern for their respective 
class (i.e. class 11, 540 1-1g/day; class Ill, 90 1-1g/day). Accordingly, the 
evaluation of these 15 agents proceeded to Step 84. The estimated per 
capita exposure to one of the agents in structural class 11, allyl 
isothiocyanate (No. 1560), which is about 1500 1-1g/day in Europe and 
130 1-1g/day in the USA, exceeds the threshold of concern (540 1-1g/day) 
for its class. In accordance with the Procedure, more extensive data are 
needed to evaluate the safety of flavouring agents exposure to which 
exceeds the threshold of concern for their structural class at Step 83. 
Additional data on allyl isothiocyanate were therefore considered (see 
below). 

Step 84. For 2-ethyl-4,5-dimethyloxazole (No. 1555), the NOEL of 2.3 mg/kg bw 
per day in a 91-day study in rats treated by gavage (Griffiths et al., 1979) 
is 4 600 000 times the estimated intake from its use as flavouring agent 
in Europe (0.0005 1-1g/kg bw per day) and 230 000 times the estimated 
intake from its proposed use in the USA (0.01 1-1g/kg bw per day). 

The NOEL for 2-ethyl-4,5-dimethyloxazole is also appropriate for the 
structurally related agents trimethyloxazole (No. 1553), 2,5-dimethyl-4-
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ethyloxazole (No. 1554), 2-isobutyl-4,5-dimethyloxazole (No. 1556), 2-
methyl-4,5-benzo-oxazole (No. 1557) and 4,5-dimethyl-2-propyloxazole 
(No. 1569), all of which are oxazole analogues and as such are expected 
to be metabolized via similar metabolic pathways. The NOEL of 2.3 mg/kg 
bw per day is 115 000 times the estimated intake of trimethyloxazole 
from its proposed use as a flavouring agent in both Europe and the USA 
(0.02 !lglkg bw per day), 575 000 times the estimated intakes of 2,5-
dimethyl-4-ethyloxazole and 2-isobutyl-4,5-dimethyloxazole from their 
proposed use as flavouring agents in both Europe and the USA 
(0.004 !lgfkg bw per day) and 1 500 000 times the estimated intakes of 
2-methyl-4,5-benzo-oxazole and 4,5-dimethyl-2-propyloxazole from their 
proposed use as flavouring agents in both Europe and the USA 
(0.002 !lglkg bw per day). 

The NOEL of 41 mg/kg bw per day for 2,4,5-trimethyl-il3-oxazoline (No. 
1559) from a 90-day feeding study in rats (Morgareidge, 1972) is 
approximately 60 000,000 times the estimated intake of this substance 
from its use as flavouring agent in Europe (0.0007 !lg/kg bw per day) and 
205 000 000 times that in the USA (0.0002 !lg/kg bw per day). 

The NOEL for 2,4,5-trimethyl-il3-oxazoline is also appropriate for the 
structurally related agent 2,4-dimethyl-3-oxazoline (No. 1558), as this is 
an oxazoline analogue and is therefore expected to be metabolized via 
similar metabolic pathways. The NOEL of 41 mg/kg bw per day is 
41 000 000 times the estimated intake of 2,4-dimethyl-3-oxazoline from 
its proposed use as a flavouring agent in Europe (0.001 !lg/kg bw per day). 

Although no NOEL is available for butyl isothiocyanate (No. 1561), the 
NOEL of 12 mg/kg bw per day for the structurally related agent allyl 
isothiocyanate (No. 1560; see below) is also appropriate for butyl 
isothiocyanate, as they are both isothiocyanates, which will be metabolized 
via similar metabolic pathways. This NOEL is 400 000 times the estimated 
intake of butyl isothiocyanate from its proposed use as a flavouring agent 
in Europe (0.03 !lglkg bw per day). 

Although no NOEL is available for benzyl isothiocyanate (No. 1562), the 
NOEL of 5 mg/kg bw per day for the structurally related agent phenethyl 
isothiocyanate is also appropriate for benzyl isothiocyanate, as both are 
isothiocyanates, which will be metabolized via similar metabolic pathways. 
This NOEL is 250 000 times the estimated intake of this substance from 
its proposed use as a flavouring agent in Europe (0.02 !lglkg bw per day) 
and about 700 000 times that in the USA (0.007 !lg/kg bw per day). 

For phenethyl isothiocyanate (No. 1563), the NOEL of 5 mg/kg bw per 
day in a 91-day feeding study in rats (Ogawa et al., 2001) is approximately 
700 000 times the estimated intake of this substance from its proposed 
use as a flavouring agent in Europe (0.007 !lg/kg bw per day) and about 
600 000 times that in the USA (0.008 !lglkg bw per day). 

For 3-methylthiopropyl isothiocyanate (No. 1564), the NOEL of 30 mg/kg 
bw per day in an 84-day feeding study in rats (Harper et al., 1961) is 
150 000 times the estimated intake of this substance from its use as a 
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flavouring agent in Europe (0.2 1-1g/kg bw per day) and about 30 000 
times that in the USA (0.91-lg/kg bw per day). 
For 4-acetyl-2-methylpyrimidine (No. 1565}, the NOEL of 1 mg/kg bw per 
day in a 91-day study in rats treated by gavage (Peano, 1981) is 5 000 000 
times the estimated intake of this substance from its use as a flavouring 
agent in the USA (0.0002 1-1g/kg bw per day). 

For 5,7-dihydro-2-methylthieno(3,4-d)pyrimidine (No. 1566), the NOEL 
of 6.6 mg/kg bw per day in a 90-day feeding study in rats (Shellenberger, 
1970) is 1 100 000 times the estimated intake of this substance from its 
use as a flavouring agent in the USA (0.006 1-1g/kg bw per day). 

For 1-phenyl-3- or -5-propylpyrazole (No. 1568), the NOEL of 25 mg/kg 
bw per day in a 90-day feeding study in rats (Posternak et al., 1969) is 
about 6 000 000 times the estimated intake of this substance from its use 
as flavouring agent in the USA (0.0041-lg/kg bw per day). 

The Committee concluded that the margins between the estimated daily 
exposure to the five substances reported to be used as flavouring agents (Nos 
1559, 1564-1566 and 1568) and the NOELs for these agents were adequate, and 
that their use would not present a safety concern. The Committee also concluded 
that the margins between the exposure estimated from anticipated annual volumes 
of production for the other 1 0 substances proposed for use as flavouring agents 
(Nos 1553-1558, 1561-1563 and 1569) and the NOELs for these agents were 
adequate. Although their use would raise no safety concern at estimated exposure, 
less uncertain estimates of exposure are required. 

The exposure considerations and other information used to evaluate these 
miscellaneous nitrogen-containing flavouring agents are summarized in Table 2. 

1.5 Consideration of flavouring agents with high exposure evaluated on 
the B-side of the Procedure 

As stipulated in the Procedure, more extensive data on metabolism and 
toxicity were considered to complete the safety evaluation of allyl isothiocyanate 
(No. 1560), as the exposure level estimated from use of this compound as a flavouring 
agent in Europe exceeded the threshold of concern for structural class 11 (540 1-1g/ 
person per day). 

Short-term and long-term studies 

Several short-term studies of toxicity were conducted in rats and mice given 
allyl isothiocyanate orally. Furthermore, allyl isothiocyanate was tested by the National 
Toxicology Program in a series of short-term studies of toxicity and long-term studies 
of carcinogenicity in both laboratory species. 

In a 20-day study, groups of five weanling Osborne-Mendel rats of each sex 
were given allyl isothiocyanate in corn oil at a dose of 0 (vehicle control), 20 or 
50 mg/kg bw per day. Macroscopically, the non-glandular part of the stomach was 
thickened with occasional roughening of the lining at both doses. Minor inflammatory 
foci were reported in the livers of rats at the higher dose (Hagan et al., 1967). 

Groups of male outbred Shoe:WIST rats (number of animals per group not 
specified) were given allyl isothiocyanate at a dose of 0 (paraffin oil vehicle control}, 
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10, 20 or 40 mg/kg bw per day, 5 days per week for up to 6 weeks by gavage. 
Hepatohistopathology showed diffuse ballooning of centrilobular hepatocytes in some 
rats at the highest dose. The kidneys of rats at this dose and at the middle dose 
showed dilatation of distal tubules and increased desquamation (Lewerenz et al., 
1988a). 

In a 9-week study conducted to examine the possible effects of allyl 
isothiocyanate on growth, groups of four weanling rats (strain not specified) were 
fed basal diet (control} or basal diet with 0.1% allyl isothiocyanate for 5 weeks. This 
dietary level was calculated to provide an average daily intake of 1 00 mg/kg bw 
(Food & Drug Administration, 1993). During weeks 6-9, the rats were given allyl 
isothiocyanate by gavage daily at the dose in food (about 100 mg/kg bw). Only 
animals treated by gavage had lower body-weight gains than controls (statistics not 
reported) (Ahmad et al., 1966). 

A dose-range-finding study was conducted in mice by the National Toxicology 
Program. Groups of five B6C3F1 mice of each sex were given allyl isothiocyanate in 
corn oil by gavage at a dose of 3, 6, 12, 25 or 50 mg/kg bw per day for 14 days. One 
male at 50 mg/kg bw per day died. No dose-dependent change in body-weight gain 
was found. Four of the five males and all females at the highest dose showed 
thickened areas of mucosa in the non-glandular region of the stomach, and four 
males and one female had a thickened urinary bladder wall (National Toxicology 
Program, 1982). 

In a 13-week study, groups of 10 B6C3F1 mice of each sex were given allyl 
isothiocyanate by gavage at a dose of 0 (vehicle control), 1.5, 3, 6, 12 or 25 mg/kg 
bw per day on 5 days per week. The mean body weights of treated and control 
animals were comparable, and no gross or histological changes were reported at 
any dose (National Toxicology Program, 1982). 

In a study of carcinogenicity, groups of 50 male and 50 female B6C3F1 mice 
received allyl isothiocyanate by gavage at a dose of 0 (vehicle control), 12 or 
25 mg/kg bw per day, 5 days per week for 1 03 weeks. Many of the female mice that 
died before week 104 had suppurative inflammation of the peritoneum, uterus or 
multiple organs, suggesting generalized infection. The final mean body weights of 
treated and control animals were comparable (statistics not reported). The incidence 
of primary tumours was not increased in treated mice. Male mice showed a statistically 
significant, dose-related increase in cytoplasmic vacuolization in the liver (control, 
2/49; low dose, 8/49; high dose, 13/50). The severity of this lesion was similar in the 
three groups. Most of the vacuoles were centrilobular and all contained fat. The 
authors concluded that allyl isothiocyanate was not carcinogenic (National Toxicology 
Program, 1982). 

A dose-range finding study was conducted in groups of five Fischer 344/N 
rats of each sex given allyl isothiocyanate in corn oil by gavage at a dose of 25, 50, 
1 00, 200 or 400 mg/kg bw per day for 14 days. Clinical signs, including inactivity 
and ruffled fur, were observed at all doses, the severity increasing with dose. All 
animals at the two highest doses died before the end of the study. Reduced body 
weights were observed at 100 mg/kg bw per day. Gross necropsy revealed a 
thickened mucosal surface of the stomach and adhesion of the stomach to the 
peritoneum in treated animals (National Toxicology Program, 1982). 

Groups of 10 Fisc her 344/N rats of each sex were given allyl isothiocyanate 
by gavage at a dose of 0 (vehicle control), 1.5, 3, 6, 12 or 25 mg/kg bw per day, 5 
days per week for 13 weeks. All animals survived to scheduled termination with no 



242 MISCELLANEOUS NITROGEN DERIVATIVES 

clinical signs of toxicity. No significant changes in body weight and no gross or 
histological changes were reported at any dose (National Toxicology Program, 1982). 

In a carcinogenesis bioassay, groups of 50 male and 50 female Fischer 344/ 
N rats received allyl isothiocyanate by gavage at a dose of 0 (vehicle control), 12 
or 25 mg/kg bw per day, 5 days per week for 103 weeks. The mean body weights of 
male rats at the higher dose were lower than those of controls throughout the study. 
No clinical signs of toxicity were reported. Survival (58-74%) was comparable in all 
groups, including controls. The incidence of subcutaneous fibrosarcomas was 
increased in females at the higher dose, with a significant positive trend. The incidence 
of undifferentiated leukaemia was increased over that in controls in treated male 
rats at both doses: control, 2/50; low dose, 6/50; high dose, 8/50. Males at the 
higher dose also had a significantly increased incidence of transitional-cell papillomas 
of the urinary bladder: control, 0/49; high dose, 4/49. Epithelial hyperplasia of the 
urinary bladder also occurred in males, with a significant overall trend at the higher 
dose. Hyperplasia was not observed in animals with papillomas. The authors 
concluded that, under the conditions of the bioassay, allyl isothiocyanate was 
carcinogenic in male rats, causing transitional-cell papillomas of the urinary bladder, 
but that the evidence for an association between treatment and subcutaneous 
fibrosarcomas in female rats was equivocal (National Toxicology Program, 1982). 

Genotoxicity 

Numerous tests for genotoxicity were reported. The studies indicated mixed 
results in vitro, but mainly negative results (8 of 10 studies) in vivo. The two studies 
with positive results showed only weak activity. 

Mode of action 

In rats given allyl isothiocyanate at an LD50 of 112 mg/kg bw by stomach 
tube, marked irritation of the lungs and gastrointestinal tract was reported (Anderson 
& Hurwitz, 1953). In mice, the sensitizing effects of allyl isothiocyanates on the skin 
correlated with a perturbation in the ratio of skin GSH to glutathione disulfide, 
suggesting that the substance might induce oxidative stress in mouse skin epithelia 
(Schmidt & Chung, 1993). 

An underlying concept in the hypothesis for the mode of toxic action of allyl 
isothiocyanate is the chemical reactivity of the highly electrophilic central carbon in 
the isothiocyanate group (-N=C=S). lt can efficiently undergo Michael addition 
reactions with N-, 0- or S-based nucleophiles such as the thiol of GSH. The reaction 
gives rise to relatively stable but reversible GSH adducts, which have been implicated 
in its cytotoxicity in hepatocytes in vitro (Bruggeman et al., 1986). Free and conjugated 
forms of allyl isothiocyanate are in equilibrium, allowing for the presence of as much 
as 15-20% free allyl isothiocyanate (Bollard et al., 1997). The position of the 
equilibrium can be shifted in favour of the free form under conditions of low GSH 
concentration and alkaline pH (Bruggeman et al., 1986), which may exist in the 
urinary bladder. Therefore, increased absorption of free allyl isothiocyanate might 
occur in the bladder epithelium. 

Data on the metabolism and disposition of allyl isothiocyanate show clear 
sex- and species-specific differences. Mice excrete essentially all orally administered 
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allyi 14C-isothiocyanate within 96 h, while rats retain up to 20% in the carcass over 
the same interval. Blood concentrations of radioactivity returned to background levels 
within 96 h in mice but persisted up to 240 h in rats. In a separate experiment, mice 
excreted more than 80% of an administered dose of allyi 14C-isothiocyanate in the 
urine within 3 days, while rats excreted only 55%, indicating that rats selectively 
retain thiocyanate ion (Bollard et al., 1997). Studies in rats showed that females 
produce twice as much urine as males {loannou et al., 1984; Bollard et al., 1997), 
so that the male rat bladder is exposed to higher concentrations of allyl isothiocyanate 
and its metabolites than the female rat bladder. 

The histopathological evidence of male bladder epithelial hyperplasia reported 
in the study of the National Toxicology Program (1982) correlates with the biochemical 
evidence that the male rat bladder is subjected to longer exposure to high concentra
tions of possible irritants such as allyl isothiocyanate or its metabolites. 

Both the qualitative and the quantitative aspects of the molecular disposition 
of allyl isothiocyanate and its associated toxicological sequelae have been relatively 
well defined in studies in mammals and are similar to those reported for other irritating 
substances in the urinary bladder (Cohen & Ellwein, 1990). Epithelial-cell papillomas 
are benign lesions on luminal surfaces. 

On the basis of the observations that allyl isothiocyanate has strong irritant 
and cytotoxic properties, is considered not to be genotoxic in vivo and induces sex
and species-specific benign transitional-cell papillomas only in male rats, it is highly 
probable that allyl isothiocyanate operates through a secondary non-genotoxic 
mechanism, like other irritating bladder carcinogens, such as sodium saccharin 
(Cohen & Ellwein, 1990). 

The two factors that distinguish human exposure to allyl isothiocyanate from 
that of rats are daily intake and bladder function. Rats in the 2-year study (National 
Toxicology Program, 1982) were given 25 000 1-1g/kg bw daily, while human intake 
from use of allyl isothiocyanate as a flavouring agent is approximately 1000 times 
less (25 1-1g/kg bw per day). Furthermore, humans excrete about 1500 ml of urine 
per day. Therefore, the potential concentration of allyl isothiocyanate or its metabolites 
in the human bladder is orders of magnitude lower than that required to induce 
hyperplasia and papillomas in rats. As no toxicity was observed in the bladder at a 
dose of 12 000 1-1g/kg bw per day in the study in rats, it is highly unlikely that this 
mode of action of carcinogenicity would operate in humans. 

The NOEL for allyl isothiocyanate in the 2-year study in rats was 12 mg/kg 
bw per day. This NOEL is more than 400 times the estimated daily intake of allyl 
isothiocyanate when used as a flavouring agent in Europe (25 1-1g/kg bw per day) 
and more than 5000 times that in the USA (2.2 1-1g/kg bw per day). Therefore, on the 
basis of the additional data on toxicity, the Committee concluded that allyl 
isothiocyanate (No. 1560) would not be expected to present a safety concern at 
estimated current intake (Table 2). 

1.6 Consideration of secondary components 

One member of this group of flavouring agents, 2,4,5-trimethyi-L\3-oxazoline 
(No. 1559), has an assay value of < 95%. The secondary component in this 
substance, trimethyloxazole (No. 1553), was evaluated at the present meeting, where 
present levels of intake were considered to present no safety concern. 
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1.7 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all 14 agents in structural class 11 were to be 
consumed concurrently on a daily basis, the estimated combined exposure would 
exceed the human exposure threshold for class 11 (540 1-1g per person per day). 
More than 98% of the total combined estimated exposure in Europe (1520 j..tg/kg bw 
per day) is accounted for by allyl isothiocyanate (No. 1560), for which toxicity data 
are available that adequately support the safety of this substance at the exposure 
level estimated from its use as a flavouring agent. In the unlikely event that both 
agents in structural class Ill were to be consumed concurrently on a daily basis, the 
estimated combined exposure would not exceed the human exposure threshold for 
class Ill (90 1-1g per person per day). Overall evaluation of the data indicates that 
combined exposure would not raise concern about safety. 

1.8 Conclusions 

The Committee concluded that use of the miscellaneous nitrogen-containing 
flavouring agents would not present a safety concern at the estimated daily exposure. 
For 10 flavouring agents (Nos 1553-1558, 1561-1563 and 1569), the evaluation 
was conditional because the estimated exposure was based on anticipated annual 
volumes of production. The conclusions of the safety evaluations of these agents 
will be revoked if use levels or poundage data are not provided before December 
2007. The Committee noted that the available data on the toxicity and metabolism 
of these miscellaneous nitrogen-containing flavouring agents 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 16 miscellaneous nitrogen derivatives (see Table 1 ). The group comprises eight 
alkyl-substituted oxazole and oxazoline analogues (Nos 1553-1557 and 1569), five 
alkyl- or aryl-substituted isothiocyanate analogues (Nos 156Q-1564), two pyrimidine 
analogues (Nos 1565 and 1566) and one alkyl-substituted pyrazole (No. 1568). The 
four sub-groups are structurally related and therefore have similar metabolic and 
toxicological profiles. 

2.2 Additional considerations on exposure 

Oxazoles and oxazolines are formed by the Strecker reaction during the 
frying of chicken or potatoes or roasting of meats, peanuts and coffee (Nijssen et 
al., 2003). At elevated temperatures, amino acids condense with a-dicarbonyl 
compounds to form unstable hydroxyimines, which then cyclize to produce substituted 
oxazoles and oxazolines. Naturally occurring oxazoles are detectable as flavours at 
extremely low concentrations. For instance, 2,4,5-trimethyloxazole and 2,4,5-
trimethyl-3-oxazoline impart a boiled beef aroma at concentrations of about 0.5 ppb 
and 1 ppm, respectively (Mussinan et al., 1976). At similar levels, pyrimidines such 
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as 4-acetyl-2-methylpyrimidine impart a roasted, grilled or roasted nut flavour (Ohloff 
& Flament, 1978}. 

The four isothiocyanates in this group occur naturally in cruciferous vegetables 
such as horseradish, cabbage, mustard, cauliflower, Brussels sprouts, watercress, 
turnip, rutabaga, radish, endive and kohlrabi (Nijssen et al., 2003). lsothiocyanates 
form when the glucosinolate precursors (e.g. sinigrin) are hydrolysed by thioglucosi
dase (e.g. myrosinase), which is released when the plant material is disrupted or by 
microbes present in the human gut. In the hydrolysis reaction, glucose and sulfate 
are formed, with an unstable aglycone that undergoes rearrangement to a 
thiocyanate, isothiocyanate and nitrile, depending on the hydrolytic conditions and 
prior treatment of the plant material (see Figure 1) (Ettlinger & Kjaer, 1968). Each of 
the isothiocyanates in this group is formed from a specific glucosinolate present in 
different members of the Cruciferae plant family. Sinigrin, the glucosinolate source 
of allyl isothiocyanate, occurs in the head, leaves and buds of cabbage, kale, Brussels 
sprouts, cauliflower and broccoli and in the roots of horseradish, rapeseed and 
mustard. Gluconasturtiin, the source of 2-phenethyl isothiocyanate, is present in 
the roots of turnips, horseradish and Argentine rapeseed and in the leaves of 
watercress. Glucocochicarin, the glucosinolate source of butyl isothiocyanate, is 
found in cabbage, Brussels sprouts, watercress and wasabi. Glucotropaeolin, the 
source of benzyl isothiocyanate, occurs naturally in papaya, horseradish, watercress, 
garden cress, endive and rutabaga. Glucoibervirin, the glucosinolate source of 3-
methylthiopropyl isothiocyanate, is present in cabbage, cauliflower, kohlrabi, 
horseradish and wasabi. 

The key flavouring agent, allyl isothiocyanate, occurs in a wide range of raw 
and cooked Brassicaceae species at levels up to parts per million (e.g. 2.9 ppm in 
raw cabbage). Much higher levels have been measured in horseradish, wasabi and 
mustard (up to 9000 ppm in horseradish and 9585 ppm in wasab1) (Nijssen et al., 
2003). Allyl isothiocyanate is responsible for the sharpness of these products and 
has both irritating and vesicating properties. 

Figure 1. Formation of isothiocyanates 
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+ 

H20 N,OH 

Unstable 
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Fourteen of the 16 flavouring agents in this group have been reported to 
occur naturally in foods (Stofberg & Grundschober, 1987; Nijssen et al., 2003). 
Production volumes and intake values for each flavouring agent in this group are 
shown in Table 2. 

2.3 Biological data 

2.3.1 Biochemical data 

(a) Absorption, distribution and excretion 

Oxazoles, oxazolines, pyrimidines and pyrazoles 

Few data are available on the absorption, distribution and excretion of the 
heterocyclic nitrogen derivatives in this group. Those that exist and data on other 
structurally related substances indicate that these substances are rapidly absorbed, 
metabolized and excreted in the urine. The majority of a dose of 1000 mg of 2-
methyl-4,5-benzo-oxazole (No. 1557) or unsubstituted benzoxazole given orally to 
rabbits (2-3 kg bw) by stomach tube was excreted as glucuronic acid and sulfate 
conjugates in the urine within 24 h (Bray et al., 1952). Within 75 h, an oral dose of 
400 mg of a 4,5-diphenyloxazole analogue [4,5-diphenyl-2-bis(2-hydroxylethyl)amino
oxazole] given to five healthy volunteers was excreted mainly as the parent compound 
and as polar metabolites in the urine, either unchanged or conjugated with glucuronic 
acid and sulfate (Maurer & Kleff, 1988). In six rabbits, most an oral dose of 1000 mg 
(2-3 kg bw) of 4,6-dimethylpyrimidine was absorbed, metabolized and excreted as 
polar acidic metabolites in the urine within 24 h (Bray et al., 1951 ). 

lsothiocyanates 

Given the importance of allyl isothiocyanate as the principal flavour ingredient 
in horseradish and mustard oil and the current interest in the anti-carcinogenic 
properties of phenethyl isothiocyanate and other arylalkyl isothiocyanates 
(Wattenberg, 1977; Morse et al., 1989a,b), extensive data on the pharmacokinetics 
and metabolism of this group of compounds are available. lsothiocyanates are readily 
absorbed and distributed to all major tissues in rodents, with peak levels achieved 
2-8 h after dosing. At comparable doses, there are clear sex- and species-specific 
differences in the distribution, metabolism and excretion of substituted isothio
cyanates. 

Allyl isothiocyanate (No. 1560) 

Dietary administration of allyl isothicyanate was reported to produce 
transitional-cell papillomas and epithelial hyperplasia in the urinary bladders of male 
Fischer 344 rats only (National Toxicology Program, 1982). In a study to determine 
the origin of species- and sex-specific benign bladder tumours in male rats, urine, 
faecal matter and expired C02 were collected from Fischer 344 rats and B6C3F1 

mice given 14C-allyl isothiocyanate at 2.5 or 25 mg/kg bw orally or 25 mg/kg bw by 
intravenous injection. Most of the radioactivity was detected in urine (73-87% of the 
administered dose) from both species, regardless of the route of administration, 
after 72 h. Faecal excretion accounted for 3-6% of the oral dose and 1-2% of the 
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intravenous dose. At 24 h, 12-14% of the oral dose was detected in expired C02 of 
rats. The tissue distribution was determined after intravenous administration at times 
ranging from 15 min to 3 days after exposure: radioactivity was detected in blood, 
liver, kidneys and urinary bladder of both species at all doses. High levels of 
radioactivity were detected in the blood and kidneys of rats 15 and 45 min after 
dosage and in the liver and kidneys of mice 15 m in after dosage. The highest levels 
of radioactivity were detected in the urinary bladder of male rats and male mice. 
After intravenous injection, there was about 18 times more 14C-allyl isothiocyanate
derived radioactivity in male rat bladder than in female rat bladder. As the female rat 
bladder produces almost twice the volume of urine as that of male rats, the authors 
concluded that the concentration of potential irritants, allyl isothiocyanate or its 
metabolites, is greater in the urinary bladder of males than females (loannou et al., 
1984). 

In a similar study, conducted to examine sex and species differences, Fischer 
344 rats and B6C8F1 mice of each sex were given 2.5 or 25 mg/kg bw of radio labelled 
allyl isothiocyanate orally, and urine and faeces were collected daily for 4 days. The 
animals were placed in metabolism cages for collection of exhaled C02 • Most of the 
radioactivity was detected in the urine of both species, mice excreting significantly 
more of the administered dose (about 80%) than rats (about 55%). Between 10% 
and 18% of the administered radioactivity was detected in expired C02 and faeces 
of both rats and mice. About 20% of the administered dose remained in the carcass 
of rats and only 2-5% in the carcass of mice. Blood samples collected from both 
species showed peak blood radioactivity about 3 h after dosage, indicating that allyl 
isothiocyanate was rapidly absorbed. Analysis of radioactivity in blood samples drawn 
over 240 h indicated that allyl isothiocyanate underwent biphasic elimination, with 
an initial rapid phase of excretion dominating on the first day, followed by a slower 
phase. The half-life of allyl isothiocyante in the blood during the first phase of excretion 
was 15 h for mice and 37 h for rats, and that during the second, slower phase of 
excretion was 56 h for mice and 140 h for rats. This indicates that long-lived 
metabolites are retained in the blood. The levels of radioactivity that were detectable 
after 240 h in rats were no longer found after 96 h in mice, indicating that mice 
eliminated radioactivity from the blood more rapidly than rats. 

In the same study, the tissue distribution of 14C-allyl isothiocyanate was 
evaluated. Rats were given 25 mg/kg bw of the test substance orally and killed 0.33, 
0.66, 1, 1.5, 2 and 6 h thereafter for removal of liver, kidneys, spleen, brain and 
urinary bladder. Radioactivity was detected in all organs at all times, with the highest 
level in the urinary bladder, followed by kidneys, liver, spleen and brain. The amount 
of radioactivity detected in the urinary bladder was similar in the two sexes at the 
first two sampling times but was significantly higher in males than females between 
1 and 2 h. By 6 h, the difference in the level of radioactivity in the bladder between 
male and female rats was no longer significant owing to large inter-animal variation. 
Biliary excretion was also examined in this study. Cannulated male and female Fischer 
344 rats given 2.5 mg/kg bw of 14C-allyl isothiocyanate intravenously excreted the 
compound into the bile at a slow, steady rate, 12.8 ± 2.9% and 8.1 ± 2.4% of the 
dose passing through the bile duct of males and females, respectively, within 6 h of 
administration. The main peak detected by high-performance liquid chromatography 
(HPLC) was not identified but was not comparable to inorganic thiocyanate or 
allylthiocarbamoylmercapturic acid, the identified urinary metabolites of allyl 
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isothiocyanate; the authors suggested that the peak was due to a GSH conjugate. A 
comparison with the amount of radioactivity excreted into the faeces in the experiment 
described above suggested some enterohepatic recirculation of 14 C-allyl 
isothiocyanate or its metabolites in rats (Bollard et al., 1997). 

To examine the effect of age on the metabolism and excretion of allyl 
isothiocyanate, male Fischer rats aged 3, 16 and 27 months were given 25 mg/kg 
bw of 14C-allyl isothiocyanate orally, and urine, faeces and expired 14C02 and volatiles 
were collected for 72 h. Radioactivity was excreted primarily in the urine, in similar 
amounts by each age group (67-79% of the administered dose). In the 3- and 16-
month-old animals, faecal excretion comprised 12-14% of the administered radio
activity but was significantly lower in the oldest group (about 6% of the dose). Similarly, 
expired 14C02 represented 10% of the administered allyl isothiocyanate in the two 
younger groups, while this route of elimination represented a slightly lower percentage 
in the oldest group (about 8%). Expired volatiles represented 4%, 2% and 7% of the 
allyl isothiocyanate dose in the 3-, 16- and 27 -month-old groups, with a significant 
difference reported between the two older groups. Overall, the authors reported 
that age had no effect on the total excretion of radioactivity. 

In the same study, to determine biliary excretion and bile flow rates, cannulated 
Fisc her rats aged 3, 16 and 27 months were given 10 mg/kg bw of radiolabelled allyl 
isothiocyanate by intravenous injection into the femoral vein. Biliary excretion of 
radioactivity was highest in the 16-month-old rats (36.8 ± 2.16% of the dose) after 
6 h and lowest in the 27-month-old rats (14.5 ± 2.5% of the dose). The bile flow 
rates were 53± 7, 42 ± 3 and 35 ± 5 mg bile per min/kg bw in the three groups, 
respectively. Although a significant decrease in bile flow seemed to correlate with 
increasing age, there was no corresponding decrease in the rate or level of overall 
elimination of radioactivity (Borghoff & Birnbaum, 1986). 

In a study of the elimination of allyl isothiocyanate metabolites, volunteers 
received 10 or 20 g of mustard, which is known to contain 0.453 mg/g of allyl 
isothiocyante. Within 2 or 4 h of consumption, the levels of urinary metabolites 
identified as cysteine conjugates of allyl isothiocyanate reached 44.2-63.4% of the 
original dose of allyl isothiocyanate (Jiao et al., 1994). 

Phenethy/ isothiocyanate (No. 1563) 

The endogenous mean plasma level of isothiocyanates in 23 non-dietary 
controlled volunteers was reported to be 413 ± 193 nmol/1 in phenethyl isothiocyanate 
equivalents (Liebes et al., 2001 ). 

In a phase-1 clinical trial, three volunteers were given a single oral dose of 
40 mg phenethyl isothiocyanate, and blood samples were collected at baseline and 
at 7.5, 15, 30 and 45 min and at 1, 1.5, 2, 3, 4, 6, 8, and 24 h after administration. In 
a single-compartment non-linear model of oral absorption for analysis of the 
pharmacokinetics, the area under the curve was 10.5 ± 1.61 11mol/l x h, clearance 
was 236 ± 36.8 ml/m2 per min, the maximum plasma concentration was 1.04 ± 
0.22 11mol/l, the elimination half-life was 3. 7 ± 1.3 hand the time to maximum plasma 
concentration was 4.6 ± 0.7 h (Liebes et al., 2001 ). 

Groups of three male Fischer 344 rats were given a single dose of 50 11mol/kg 
bw (3.71 !!Cif!! mol) of 14C-phenethyl isothiocyanate {about 8.2 mg/kg bw) by gavage 
and killed after 0.5, 1, 2, 4, 8, 24 or 48 h. Rats to be killed at 24 and 48 h were 
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maintained in metabolism chambers for collection of urine, faeces and expired 14C02 

at 8, 24 and 48 h. Rats that were killed at earlier times were maintained in metabolism 
cages for collection of urine and faeces 2, 4 and 8 h after dosing. Blood and tissue 
samples were taken for analysis after termination. Radioactivity in whole blood peaked 
at 2.9 h, at a concentration of 18.8 nmol/ml blood. In a two-compartment model for 
calculating pharmacokinetics in whole blood, the b elimination half-life of 14C
phenethyl isothiocyanate was 21.7 h, and the area under the curve was 328.1 ± 
1 06.9 nmol/ml x h. Radiolabelled phenethyl isothiocyanate was detected in several 
organs, listed from the highest maximum concentration: gastrointestinal tract 
(stomach, small intestine, caecum and colon), kidneys, liver, nasal mucosa, lungs, 
pancreas, spleen, oesophagus, heart and brain. At 24 h after administration, expired 
14C02 represented 0.1% of the dose (0.039 ± 0.007 !!Ci). After 48 h, excretion of 
radiolabel in the urine and faeces represented 88.7 ± 2.2% and 9.9 ± 1.9% of the 
dose, respectively, most of the urinary excretion occurring within 24 h of dosing 
(Conaway et al., 1999). 

Groups of three female A/J mice were given 5 11mol 14C-phenethyl isothio
cyanate per mouse (2 !!Ci per mouse; about 816 11g per mouse) by gavage and 
killed 1, 2, 4, 8, 24, 48 or 72 h after dosage. After sacrifice, various tissues were 
removed for analysis of the distribution of 14C-phenethyl isothiocyanate, and the 
urine and faeces from each group were collected. Radioactivity was detected in the 
spleen, liver, lung, kidney and brain within 1 h of administration and in the heart after 
2 h. The liver, kidney and lung had the highest levels of radioactivity, with peaks 
occurring 2-8 h after dosage in the liver and lung and peaks maintained for 1-8 h 
after dosage in the kidneys. Low levels of radioactivity were still detectable in these 
three tissues 72 h after administration. Excretion of radioactivity in urine and faeces 
after 24 h represented 36.6% and 12.0% of the dose, respectively. By 72 h, urinary 
and faecal excretion represented 55.2% and 23.3% of the dose, respectively (Eklind 
et al., 1990). 

(b) Metabolism 

Oxazo/es, pyrimidines and pyrazoles 

The metabolism of oxazoles follows two pathways: oxazole ring cleavage 
and, if the ring is properly substituted, ring hydroxylation. Within 75 h, an oral dose 
of 400 mg of a 4,5-diphenyloxazole analogue (4,5-diphenyl-2-bis(2-hydroxyethyl}
amino-oxazole} given to five healthy volunteers was metabolized by aromatic ring 
hydroxylation or hydrolytic oxazole ring cleavage to polar metabolites, which were 
excreted in the urine either unchanged or conjugated (Maurer & Kleff, 1988). Urine 
collected from rats after intravenous administration of 200 mg/kg bw of an alkyl
substituted oxazole analogue used as an antibiotic (flucloxacillin) showed side-chain 
oxidation of the alkyl substituent (Everett et al., 1989}. 

The presence of a substituent at the 2 position might stabilize the oxazole 
ring. For example, most of a dose of 1000 mg of benzoxazole given to eight rabbits 
(2-3 kg bw; equivalent to 500 mg/kg bw) by gavage was excreted in the urine as 
ortho-aminophenol, the oxazole ring cleavage product, and was found in the urine 
as aminophenol conjugates (ortho-aminophenylsulfate, ortho-aminophenylglucu
ronide and acylated aminophenol}. When 1000 mg of 2-methyl-4,5-benzo-oxazole 
(No. 1557) were given orally to rabbits at the same dose by gavage, about 32% was 
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hydroxylated and excreted in the urine as glucuronide and sulfate conjugates, without 
rupture of the oxazole ring; lesser amounts were excreted as the oxazole ring 
cleavage products. When 500 mg/kg bw of 2-phenylbenzoxazole were administered 
to rabbits by gavage, no oxazole ring cleavage metabolite was detected in the urine. 
All the glucuronic acid or sulfate conjugated metabolites of the parent compounds 
and unchanged parent compound were excreted in urine within 24 h (Bray et al., 
1952). 

In six rabbits, most an oral dose of 1000 mg of 4,6-dimethylpyrimidine (2-
3 kg bw) was metabolized to 4-methylpyrimidine-6-carboxylic acid, which was 
excreted in the urine as ether-soluble acid (55%), ethereal sulfate (8%) and ester 
glucuronide (2%) within 24 h (Bray et al., 1951 ). lt is concluded that oxazole, 
pyrimidine and pyrazole flavouring agents are metabolized to polar products, which 
are excreted mainly in the urine. 

Allyl isothiocyanate (No. 1560) 

Metabolic studies in humans, mice and rats indicate that allyl isothiocyanate 
reacts readily with GSH by nucleophilic attack on the central carbon of the 
isothiocyanate group to form the GSH dithiocarbamate conjugate product as the 
principal metabolite. The reaction is catalysed enzymatically by glutathione S
transferase as well as non-enzymatically (at a slower rate), both reactions occurring 
in a pH-dependent equilibrium. Allyl dithiocarbamate conjugates are subsequently 
modified in a series of enzymatic steps, leading to urinary excretion of the mercapturic 
acid N-acetyi-8-(N-allylthiocarbamoyi)-L-cysteine metabolite (allyl thiocarbamoyl
mercapturate) (Mennicke et al., 1983; loannou et al., 1984; Borghoff & Birnbaum, 
1986; Bruggeman et al., 1986; Jiao et al., 1994; Bollard et al., 1997). The stability of 
GSH conjugates under the conditions in the rodent bladder might lead to equilibrium 
with 'unconjugated free' isothiocyanate and GSH (Bollard et al., 1997). Thus, the 
presence of free isothiocyanates might irritate the rat bladder epithelium. 

After ingestion of 10 or 20 g of mustard containing 0.453 mg/g of allyl 
isothiocyante by four volunteers, about half of the allyl isothiocyanate present in the 
mustard was excreted in urine as allyl thiocarbamoylmercapturate 12 h later. Most 
of the metabolite was excreted within 8 h, and no allyl isothiocyanate metabolites 
were detected in urine after 12 h. The amount of conjugated allyl isothiocyanate 
detected increased with the dose of mustard: at 1 0 g mustard consumed, 5.4 ± 
1. 7 mg of conjugate were detected in the urine; at 20 g of mustard, 12.8 ± 2.0 mg of 
conjugate were detected (Jiao et al., 1994). 

After Fischer 344 rats and B6C3F1 mice were given 25 mg/kg bw of 14C-allyl 
isothiocyanate intravenously, metabolites were determined in bile (rats only), urine 
and faeces. The major urinary metabolite (24-h urine sample) identified in rats by 
nuclear magnetic resonance spectroscopy was allyl thiocarbamoylmercapturate, 
derived from GSH conjugation, which accounted for up to 82% of the administered 
dose. An unidentified metabolite was the major urinary metabolite in female mice, 
representing 59% of the administered dose, whereas four unidentified metabolites, 
each comprising 20-29% of the administered dose were the primary urinary 
metabolites in male mice. Unchanged allyl isothiocyanate was detected in trace 
amounts in rats (0.3-0.4%) and male mice (1.9%). The same unidentified metabolite 
constituted 1 00% of the allyl isothiocyanate metabolites detected in the faeces of all 
rodents. Four unidentified metabolites were detected in the bile (6-h sample) of 
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male rats but only two in the bile of female rats (loannou et al., 1984). 
In a more recent study at the same doses, urine samples taken over 96 h 

from Fischer 344 rats and B6C3F1 mice given 2.5 or 25 mg/kg bw of allyl 14C
isothiocyanate orally showed three peaks in HPLC analysis, which were identified 
as inorganic thiocyanate, allyl thiocarbamoylmercapturic acid and allyl thiocarbamoyl
cysteine in both species. At the higher dose, thiocyanate output increased at the 
expense of allyl thiocarbamoylmercapturic acid in the rats and of allyl thiocarbamoyl
mercapturic acid and allyl thiocarbamoylcysteine in the mouse. In mice, up to 80% 
of the radioactivity detected in the urine was associated with 14C-thiocyanate ion, 
whereas in rats about 75% was associated with the mercapturic acid conjugate. 
The authors concluded that hydrolysis of allyl isothiocyanate is the primary metabolic 
pathway in mice and that GSH conjugation predominates in rats. The authors noted 
a discrepancy between the number of metabolites identified in the urine (three) and 
the number identified in an earlier investigation (six) by loannou et al. (1984) and 
concluded that it was because the radiolabel was placed on the isothiocyanate moiety 
in the present study and on the more reactive, allyl moiety in the study of loannou et 
al. (1984). The larger number of metabolites identified by loannou et al. (1984) was 
thought to arise from subsequent oxidative metabolism of the allyl moiety (Bollard 
et al., 1997). 

Twenty-four-hour urine samples collected from male Wistar rats given a single 
oral dose of 1 0 mg of allyl isothiocyanate (30-50 mg/kg bw) contained 4Q-50% of 
the administered dose as the mercapturic acid conjugate allyl thiocarbamoyl
mercapturate (Mennicke et al., 1983). 

Male Fischer rats aged 3, 16 or 27 months were given 25 mg/kg bw of 14C
allyl isothiocyanate orally. The main metabolite identified in urine was allyl thio
carbamoylmercapturate, and the percentage excreted in urine did not differ 
significantly by age group. A minor unidentified metabolite was detected in the two 
older groups only. Bile samples taken from cannulated Fischer rats aged 3, 16 and 
27 months given 1 0 mg/kg bw of radiolabelled allyl isothiocyanate by intravenous 
injection showed similar metabolic profiles for the three age groups (metabolites not 
identified). The only exception was that allyl isothiocyanate was not detected in the 
oldest rats but at 8% of the administered dose in 3-month-old rats and 11% of the 
dose in 16-month-old rats 30 min after injection. The authors also assessed the 
GSH content of the livers of untreated rats of various ages to determine the potential 
for allyl isothiocyanate conjugation. Rats aged 2.5 and 3 months had a slight, but 
significantly lower GSH content in the liver and total GSH than rats aged 12 months 
and older. The authors concluded that the main metabolites of allyl isothiocyanate 
are produced by GSH conjugation and mercapturic acid formation in rat urine, as 
measured by allyl isothiocyanate-derived radioactivity. The formation of these major 
metabolites did not vary with age, while the occurrence of minor metabolites did 
(Borghoff & Birnbaum, 1986). 

The potential effect of allyl isothiocyanate on blood clotting and prothrombin 
time was examined in two groups of four rats (strain and sex not specified) given 
2 mg/kg bw orally. Before treatment and 4 h after treatment, blood samples were 
collected, and clotting and prothrombin times were determined. Prothrombin time 
was not affected by treatment; however, clotting times were decreased by 37% after 
consumption of allyl isothiocyanate. The same authors examined the possible effect 
of allyl isothiocyanate on plasma constituents and liver and kidney enzymes. A group 
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of four rats (sex and strain not specified) received 0 or 2 mg/kg bw of allyl 
isothiocyanate orally. The animals were killed 4 h after treatment, blood was collected 
from the heart, and the liver and kidneys were removed and homogenized. The total 
protein, total lipid and cholesterol values in plasma were similar in control and treated 
animals, showing no statistically significant differences, although lipid constituents 
tended to be slightly increased in treated animals. Renal D-amino acid oxidase and 
hepatic xanthine oxidase activities were significantly lower in treated animals than 
in controls, whereas hepatic succinic dehydrogenase activity was significantly 
increased (Ahmad et al., 1966). 

In a follow-up study, allyl isothiocyanate was administered to rats either 
intraperitoneally or in the diet, and its effect on hepatic xanthine oxidase was 
examined. Groups of four rats (sex and strain not specified) were given 0 (vehicle 
control) or 0.5 mg/ml of allyl isothiocyanate daily by intraperitoneal injection or 0 
(basal diet) or 0.3% in the diet. This dietary level was calculated to provide an average 
daily intake of 300 mg/kg bw (Food & Drug Administration, 1993), and the intra
peritoneal injections provided 3-11 mg/kg bw. Both treatments were given for 30 
days. On day 31, all the animals were killed, and their livers were removed and 
assayed for enzyme activity. Intraperitoneal and oral administration decreased 
xanthine oxidase activity by 92% and 59%, respectively, when compared with controls 
(statistics not reported). The authors speculated that allyl isothiocyanate binds 
strongly to xanthine oxidase and therefore blocks the access of xanthine and 
hypoxanthine {the normal substrates for xanthine oxidase) to the active site of the 
enzyme {Ahmad & Muztar, 1972). 

Male outbred (Shoe:WIST) rats were given 0 (vehicle control), 50, 100 or 
150 mg/kg bw of allyl isothiocyanate by gavage daily for 3 days and were killed 24 h 
after the last dose. Blood samples were taken, and the liver was removed, weighed 
and homogenized for analysis of enzyme activity. Body weights were significantly 
decreased in rats receiving 100 or 150 mg/kg bw per day. The absolute liver weight 
was significantly increased at the highest dose, and the relative liver weights were 
significantly increased at all doses. The protein concentration of the supernatant 
fraction of the liver homogenate was unaffected by treatment. Allyl isothiocyanate 
significantly decreased liver monooxygenase activities (aminopyrine-N-demethyl
ation, para-nitroanisole-0-demethylation and aniline-para-hydroxylation) in all treated 
groups in a dose-dependent manner. Serum aspartate aminotransferase activity 
was significantly increased at the two higher doses, but alanine aminotransferase 
activity was unaffected by treatment (Lewerenz et al., 1988b ). 

Allyl isothiocyanate given to rats in the diet at a concentration of 0.1% for 
30 days significantly decreased the blood levels of uric acid and glucose when 
compared with controls. This dietary level was calculated to provide an average 
daily intake of 100 mg/kg bw (Food & Drug Administration, 1993). The urinary 
concentrations of uric acid and glucose and the urine volume 24 h after treatment 
were significantly increased over control values (Huque & Ahmad, 1975). 

Butyl isothiocyanate (No. 1561) 

Twenty-four-hour urine samples collected from male Wistar rats (weighing 
20Q-300 g) given a single oral dose of 10 mg of butyl isothiocyanate (about 40 mg/kg 
bw) contained 10-20% of the dose as the mercapturic acid conjugate, allyl 
thiocarbamoylmercapturate (Mennicke et al., 1983). 
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Benzyl isothiocyanate (No. 1562) 

Aromatic isothiocyanate flavouring agents are also metabolized primarily to 
mercapturic acid conjugates. In humans and rats, aromatic isothiocyanates were 
metabolized mainly to the corresponding mercapturic acid conjugates, which 
subsequently hydrolysed to the corresponding cysteine conjugate and are excreted 
as the major urinary metabolite (see Figure 2). In rabbits, mice and guinea-pigs, 
however, the cysteine conjugate is hydrolysed and then undergoes transamination 
and cyclization to form a substituted thiazolidine-2-thione as the principal urinary 
metabolite. 

Six male volunteers ingested 14.4 mg of encapsulated benzyl isothiocyanate 
1-2 h after eating, and urine was collected at 2-h intervals for up to 24 h. The major 
urinary metabolite was identified by comparative chromatography as the mercapturic 
acid conjugate, allyl thiocarbamoylmercapturate (53.7 ± 5.9% of dose), which was 
detectable up to 1 0 h after dosage. The urinary concentration of this conjugate 
peaked 2-6 h after dosage in most of the men. The authors postulated that benzyl 
isothiocyanate conjugates with GSH and is readily excreted through the kidneys as 
the mercapturic acid conjugate (Mennicke et al., 1988). 

Oral administration of 10 mg benzyl isothiocyanate or 20 mg of its cysteine 
conjugate, 8-(N-benzylthiocarbamoyi)-L-cysteine, to male guinea-pigs resulted in 
urinary excretion of 4-hydroxy-4-carboxy-3-benzylthizolidin-2-thione, representing 
23.3 ± 2.8% and 33.1 ± 4.0% of the dose, respectively. The N-acetylcysteine 
conjugate of benzyl isothiocyanate was detected only in trace amounts. Similar 
results were reported after administration of benzyl isothiocyanate (5 mg orally) and 
cysteine (12 mg orally; 20 mg intravenously), GSH (50 mg orally; 20 mg intra
venously), cysteinylglycine (50 mg orally; 20 mg intravenously) or N-acetylcysteine 
(50 mg orally) conjugates of benzyl isothiocyanate (Gorier et al., 1982). 

Phenethyl isothiocyanate (No. 1563) 

Female A/J mice were given 5 or 25 11mol per mouse of unlabelled phenethyl 
isothiocyanate by gavage (about 816 and 4081 11g per mouse), and their urine was 
collected for 72 h for HPLC analysis. Three metabolites accounting for> 80% of the 
urinary metabolites were detected: an unidentified metabolite (9-12.2%), 4-hydroxy-
4-carboxy-3-phenethylthiazolidine-2-thione (46.8-58%) and allyl thiocarbamoyl
mercapturate (17.4-27.6%). About 10% of the ingested phenethyl isothiocyanate 
was excreted as the cyclic mercaptopyruvic acid conjugate and 25% as allyl 

Figure 2. Metabolism of aromatic isothiocyanates 
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thiocarbamoylmercapturate. The authors cited the study of Gorier et al. (1982) to 
explain the formation of the cyclic mercaptopyruvic acid conjugate in vivo, which 
was thought to be initiated by enzymatic hydrolysis of the GSH conjugate to the 
cysteine conjugate. Transamination of the cysteine conjugate yields an S-substituted 
mercaptopyruvate that enolizes and immediately cyclizes to form a substituted 
thiazolidine-2-thione (Eklind et al., 1990). 

Phenethyl isothiocyanate administered by gavage at a dose of 163 mg/kg 
bw per day to eight male rats previously given ethanol orally for 38 days prevented 
an ethanol-induced increase in cytochrome P450 2E1 apoprotein and decreased 
the catalytic activity and the amount of m RNA to levels lower than those in controls. 
Administration of phenethyl isothiocyanate was also associated with a significant 
increase in blood acetaldehyde levels over those of rats receiving ethanol only. 
After intraperitoneal administration to rats at a dose of 0.2 or 1 mmol/kg bw (32.6 
and 163.2 mg/kg bw, respectively), phenethyl isothiocyanate inhibited total liver 
aldehyde dehydrogenase activity, but not alcohol or lactate dehydrogenase activities, 
by more than 25% and 70%, respectively. This effect persisted for at least 24 h after 
administration (Lindros et al., 1995). 

In conclusion, isothiocyanates are readily absorbed, conjugated with GSH 
and excreted, predominantly in the urine as mercapturic acid derivatives. it has 
been suggested (Bollard et al., 1997) that at high doses (e.g. 25 mg/kg bw per day) 
of allyl isothiocyanate, the position of the equilibrium between the GSH conjugated 
and unconjugated forms shifts towards formation of 'unconjugated free' isothiocya
nate or isothiocyanate metabolites, especially in the bladder of male rats. These 
irritants would enhance toxicity in bladder epithelium with prolonged exposure (see 
below). Given that female rats produce twice the volume of urine of male rats, the 
dilution would significantly reduce the exposure of females. This conclusion is 
supported by the observation that bladder toxicity is observed only in male rats. 

2.3.2 Toxicological studies 

The toxicological studies are summarized below according to duration, 
flavouring agent and then species. In order to preserve the continuity of the studies 
performed within the National Toxicology Program, however, the short-term studies 
of toxicity and the carcinogenicity studies are both discussed in the section on long
term studies in the sequence in which they were conducted. 

(a) Acute toxicity 

Oral LD50 values have been reported for three of the 16 agents in this group 
(see Table 3). The LD5o of 2,4,5-trimethyi-Ll3-oxazoline (No. 1559) is 4840 mg/kg 
bw in mice (Shellenberger & Gough, 1971 ); that of allyl isothiocyanate (No. 1560) is 
112-490 mg/kg bw in rats and 31 0 mg/kg bw in mice (Anderson & Hurwitz, 1953; 
Jenner et al., 1964; Vernot et al., 1977), and that of 3-methylthiopropyl isothiocyanate 
(No. 1564) is 540 mg/kg bw (range, 485-600 kg bw) in rats (Harper & Ginn, 1964). 

(b) Short-term studies of toxicity 

The results of short-term studies with representative miscellaneous nitrogen 
derivatives are summarized in Table 4 and are described below. Short-term studies 
have been performed with oxazole (No. 1555), oxazoline (No. 1559), pyrimidine 
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Table 3. Results of studies for acute toxicity with orally administered 
miscellaneous nitrogen derivatives 

No. Flavouring agent Species; sex LD 50 (mg/kg bw) Reference 

1559 2,4,5-trimethyi-A3- Mice; M, F 4840 Shellenberger & Gough 
oxazoline (1971) 

1560 Allyl isothiocyanate Rat; F 112 Anderson & Hurwitz 
(1953) 

1560 Allyl isothiocyanate Rat; M, F 339 Jenner et al. (1964) 
1560 Allyl isothiocyanate Rat; M 490 Vernot et al. (1977) 
1560 Allyl isothiocyanate Mice; M 310 Vernot et al. (1977) 
1564 3-Methylthiopropyl Rat; M, F 540 Harper & Ginn (1964) 

isothiocyanate 

M, male; F, female 

(Nos 1565 and 1566) and pyrazole (No. 1568) analogues and with four (Nos 1560 
and 1562-1564) of the five substituted isothiocyanates. 

2-Ethy/-4,5-dimethy/oxazo/e (No. 1555) 

Groups of 16 Sprague-Dawley rats of each sex were given 0 or 2.3 mg/kg 
bw per day of 2-ethyl-4,5-dimethyloxazole by gavage for 13 weeks. The animals 
were observed daily for clinical signs of toxicity, and body weight and food 
consumption were measured weekly. At 4 weeks, blood samples were taken for 
analysis from eight rats of each sex per group. At 13 weeks, blood samples were 
taken, the animals were killed and necropsied, organs were removed and weighed 
(liver, spleen, kidney, heart, brain, testes, uterus, prostate, adrenals and hypophysis), 
and selected tissues were prepared for microscopic examination. No differences in 
clinical signs of toxicity, body weight changes or food consumption were found 
between dosed and control animals. No deaths occurred during the study. Clinical 
chemistry showed a statistically significant decrease in blood urea nitrogen (p < 0.001) 
in treated males at 4 weeks but not at 13 weeks. At 13 weeks, treated males had 
statistically significant lower serum bilirubin values (p < 0.005) than controls. No 
other changes in clinical chemistry parameters were reported. No effects on 
haematological end-points were reported at 4 weeks or in treated males at 13 weeks; 
however, treated females had significantly reduced erythrocyte volume fractions 
(p< 0.01 ), red blood cell counts (p< 0.01) and haemoglobin concentration (p< 0.005) 
at 13 weeks. Necropsy revealed no significant gross or microscopic changes. The 
absolute organ weights of treated and control animals were similar; however, on a 
percentage body weight basis, the liver and heart of treated males weighed 
significantly (p < 0.01) more than those of controls. There were no accompanying 
histopathological changes in these organs, and the authors concluded that the 
minimal haematological and clinical chemistry changes did not represent toxic effects 
(Griffiths et al., 1979). 

2,4,5-Trimethyl-113-oxazo/ine (No. 1559) 

Groups of 15 male and 15 female Wistar-derived rats were fed diets containing 
2,4,5-trimethyi-L'13-oxazoline at a concentration that provided an average intake of 



Table 4. Results of short-term and long-term studies of toxicity with miscellaneous nitrogen derivatives ~ 
No. Substance Species; No. test groups"/ Route Duration NOEL Reference 

sex no. per groupb (days) mg/kg bw 
per day) 

Short-term studies 

1555 2-Ethyl-4,5-dimethyloxazole Rat; M, F 1/32 Gavage 91 2.3c Griffiths et al. (1979) 
1559 2,4,5-Trimethyl-~3-oxazoline Rat; M, F 1/30 Diet 90 41 c Morgareidge (1972) 
1560 Allyl isothiocyanate Rat; M, F 2/10 Gavage 20 < 20 Hagan et al. (1967) 
1560 Allyl isothiocyanate Rat; M 3/NR Gavage :5 42 20 Lewerenz et al. (1988a) 
1560 Allyl isothiocyanate Rat; NR 1/4 Gavaged 28 <100 Ahmad et al. (1966) 
1560 Allyl isothiocyanate Rat; NR 1/4 Diet 35 100C Ahmad et al. (1966) 
1560 Allyl isothiocyanate Rat; M, F 3/10 Diet 182 5ooc Hagan et al. (1967) 
1563 Phenethyl isothiocyanate Rat; M 1/12 Diet :5 686 65.2C Chung et al. (1996) 
1563 Phenethyl isothiocyanate Rat; M 2/6 Diet 91 56c.e Gray et al. (1995) §';; 1563 Phenethyl isothiocyanate Rat; M 2/6 Diet 91 < 8' Gray et al. (1995) (/) 

1563 Phenethyl isothiocyanate Rat; M 3/15 Diet 224 5 Ogawa et al. (2001) 0 

1564 3-Methylthiopropyl isothiocyanate Rat; M 3/10 Diet 84 30C Harper et al. (1961) ~ ..... 
1565 4-Acetyl-2-methylpyrimidine Rat; M, F 1/32 Gavage 91 1 c Peano (1981) :to 
1566 5, 7-Dihydro-2-methylthieno(3,4-d)- Rat; M, F 1/46 Diet 90 M: 6.6oc Shellenberger (1970) ~ pyrimidine F: 6.71c 
1568 1-Phenyl-3- or -5-propylpyrazole Rat; M, F 1/20-32 Diet 90 M: 26.07c Posternak et al. (1969) ~ 

F: 24.81 c ~ 
:ti 

Long-term studies 0 
(;) 

1560 Allyl isothiocyanate Mouse; M, F 5/10 Gavage 14 25 National Toxicology ~ 
Program (1982) ~ 1560 Allyl isothiocyanate Mouse; M, F 5/20 Gavage 91 25c National Toxicology 
Program (1982) §: 

1560 Allyl isothiocyanate Mouse; M, F 2/100 Gavage 721 25c.g National Toxicology ::j 

Program (1982) n:i 
(/) 



Table 4 (contd) 

No. Substance Species; No. test groups•/ 
sex no. per groupb 

1560 Allyl isothiocyanate Rat; M, F 5/10 

1560 Allyl isothiocyanate Rat; M, F 5/20 

1560 Allyl isothiocyanate Rat; M, F 2/100 

M, male; F, female; N/R, not reported 

• Total number of test groups does not include control animals. 
b Total number per test group includes both male and female animals. 

Route Duration 
(days) 

Gavage 14 

Gavage 91 

Gavage 721 

NOEL 
mg/kg bw 
per day) 

25 

25' 

12 

Reference 

National Toxicology 
Program (1982) 
National Toxicology 
Program (1982) 
National Toxicology 
Program (1982) 

' Study performed with either a single dose or multiple doses that had no adverse effect. The value is therefore not a true NOEL, but is the highest 
dose tested that had no adverse effect. The actual NOEL might be higher. 

d Animals previously given test substance in feed for 5 weeks 
• Rats were given AIN-76A purified diet containing ph en ethyl isothiocyanate at a concentration of 0, 0.75 or 6.0 mmol/kg for 13 weeks (correspond

ing to 0, 7 and 56 mg/kg bw per day, respectively). While control animals had significantly increased hepatic lipid accumulation, significant 
reductions in hepatocyte lipid content were observed in treated groups. 

' Rats were given Wayne cereal-based rodent meal containing phenethyl isothiocyanate at a concentration of 0, 0.75 or 6.0 mmol/kg for 13 weeks 
(corresponding to 0, 8 and 67 mg/kg bw per day, respectively). Dose-related reductions in hepatocyte, lipid droplet, peroxisome and mitochondrial 
volumes were observed in treated groups compared with controls. 

g Significant dose-related increase in cytoplasmic vacuolization of the liver in male mice; severity similar in control and treated groups; most 
vacuoles were centrilobular, and all contained fat. 
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about 41 mg/kg bw per day for 90 days. Control animals received 444 mg/kg bw per 
day of beef tallow in the diet. Rats were observed daily for clinical signs of toxicity, 
and body weights and food consumption were recorded weekly. At weeks 6 and 12, 
blood and urine samples were taken from eight rats of each sex per group for 
haematological, clinical chemistry and urine analyses. After 90 days, the rats were 
killed, the livers and kidneys were removed and weighed, and the rats were 
necropsied. Multiple tissues from eight rats of each sex per group and the liver and 
kidneys from the remaining animals in each group were examined histopathologically. 
No differences in body weight, food consumption or haematological, clinical chemistry 
or urine parameters were found between treated and control rats, and no gross or 
histopathological changes attributable to treatment were noted (Morgareidge, 1972). 

Allyl isothiocyanate (No. 1560) 

Groups of five weanling Osborne-Mendel rats of each sex were given 0 
(vehicle control), 20 or 50 mg/kg bw per day of allyl isothiocyanate in corn oil by 
stomach tube for 20 days. Macroscopically, the non-glandular part of the stomach 
was thickened, with occasional roughening of the lining at both doses. Microscopically, 
these lesions were accompanied by slight-to-moderate epithelial hyperplasia with 
acute-to-subacute ulcers in all rats at the higher dose and in 50% of those at the 
lower dose. Minor inflammatory foci were reported in the livers of rats at the higher 
dose. No further details were provided (Hagan et al., 1967). 

Groups of male outbred rats (Shoe:WIST) (number of animals per group not 
specified) were given 0 (paraffin oil vehicle control), 1 0, 20 or 40 mglkg bw per day 
of allyl isothiocyanate, 5 days per week for up to 6 weeks by gavage. Body weight 
and food intake were recorded weekly, and haematological, clinical biochemistry 
and organ weight analyses were carried out at intervals of 7 or 14 days. The urine of 
treated rats was analysed after 5 weeks. The rats were subjected to complete 
necropsy and histopathological examination at the end of 6 weeks. Body-weight 
gain was significantly reduced at weeks 5 (p < 0.05) and 6 (p < 0.01) in rats at the 
highest dose. Food consumption was significantly increased in rats at the lowest 
dose in weeks 1 and 2 but was significantly reduced in animals at the intermediate 
dose at week 6 and in rats at the highest dose in weeks 1 and 6. At 2 weeks, there 
was a significantly increased percentage of neutrophils and a significantly decreased 
percentage of lymphocytes in blood samples from rats at the highest dose; however, 
these percentages returned to normal after 3 weeks. When tested over 4 weeks, 
the absolute thymus weight was significantly decreased in animals at the highest 
dose in weeks 1 and 2, and the absolute liver and adrenal weights were significantly 
increased in all treated animals at week 3. By week 4, all the absolute organ weights 
were comparable to those of controls. The relative thymus weight was also decreased 
in animals at the highest dose at week 2, and the relative liver weight was significantly 
increased in all treated animals at week 1 and in animals at the two higher doses at 
week 3; the relative adrenal weight was significantly increased in animals at the 
highest dose at week 1 and in those at the intermediate dose at week 3. The relative 
organ weights were also comparable to those of controls by week 4. The absolute 
and relative thyroid weights in treated animals up to 4 weeks were comparable to 
those of controls. Blood samples taken up to 4 weeks showed significant hypo
glycaemia in animals at the highest dose at weeks 2 and 4 and a significant decrease 
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in serum globulin at week 2, but not at weeks 3 or 4. Urine samples taken at 5 weeks 
showed a significantly decreased urine volume at the highest dose, significantly 
decreased specific gravity at all doses, and significantly increased aspartate 
aminotransferase activity at the highest dose. Microscopically, the livers of some 
rats at the highest dose showed diffuse ballooning of hepatocytes in the centrilobular 
region. The kidneys of rats at the highest dose and most of those at the intermediate 
dose showed dilatation of the distal tubules and increased desquamation (Lewerenz 
et al., 1988b). 

In a 9-week study conducted to examine the possible effects of allyl isothio
cyanate on growth, groups of four wean ling rats (strain not specified) were fed basal 
diet containing 0 or 0.1% allyl isothiocyanate for 5 weeks. This dietary level was 
calculated to provide an average daily intake of 1 00 mg/kg bw (Food & Drug 
Administration, 1993). During weeks 6-9, rats were gavaged daily with the amount 
of allyl isothiocyanate calculated to be received daily in food (approximately 
100 mg/kg bw). During the initia15 weeks, when the rats received ally isothiocyanate 
in the diet, there was no significant difference in body-weight changes between 
control and treated animals. After week 6, when the animals were given daily bolus 
doses by gavage, treated animals had decreased body-weight gain (statistics not 
reported) (Ahmad et al., 1966). 

Groups of five weanling Osborne-Mendel rats of each sex were fed diets 
containing allyl isothiocyanate at a concentration of 0, 1 000, 2500 or 1 0 000 pp m for 
26 weeks without adverse effects. These dietary levels were calculated to provide 
average daily intakes of 0, 50, 125 and 500 mg/kg bw, respectively (Food & Drug 
Administration, 1993). No additional details were available (Hagan et al., 1967). 

Benzyl isothiocyanate (No. 1562) 

Groups of 15 male rats (Shoe:WIST) were given 0 (vehicle control), 50, 100 
or 200 mg/kg bw per day of benzyl isothiocyanate in sunflower oil by gavage for 
4 weeks. Animals were observed daily for appearance, behaviour and any clinical 
signs of toxicity; body weights were recorded daily, and food consumption was 
recorded weekly. After 1 , 2 and 4 weeks of treatment, blood samples were taken for 
haematological analysis, whereas serum samples for clinical chemistry were collected 
only in week 4. Urine samples were collected over 16 h after 1, 2 and 3 weeks of 
treatment. After 4 weeks of treatment, all animals were killed and necropsied, and 
several major organs were removed from 1 0 animals per group and weighed, while 
several tissue samples from a range of organs were taken from five animals per 
group for microscopic examination. One rat at 50 mg/kg bw per day died as a result 
of a gavaging error. No other premature deaths occurred, and there were no clinical 
signs of toxicity. Body-weight gain was significantly reduced in a dose-dependent 
manner in all groups of treated rats as compared with controls. Food consumption 
was significantly reduced at 200 mg/kg bw per day during weeks 1-3 and at 
1 00 mg/kg bw per day during weeks 1 and 2 when compared with controls; however, 
no significant variations in food consumption were observed at week 4. The reductions 
in body-weight gain were accompanied by decreased food use efficiency at the two 
higher doses. In rats at the highest dose, statistically significant variations were 
observed in all the haematological parameters tested (haemoglobin, mean 
corpuscular haemoglobin concentration, mean corpuscular haemoglobin, mean 
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corpuscular volume, platelets and total and differential white blood cell counts) at 
some point during the study; however, only mean corpuscular haemoglobin 
(decreased), total white blood cell count (decreased}, neutrophil count (increased) 
and leukocyte count (decreased) were significantly different from control values 
after 4 weeks of treatment. At week 2, the levels of eosinophils and leukocytes were 
significantly lower and those of neutrophil levels significantly higher in animals at 
the intermediate dose than in controls; however, after 4 weeks of treatment, the 
values were comparable. The only significant haematological finding at the lowest 
dose was an increase in total white blood cell count after 4 weeks of treatment, 
which contrasts with the finding of decreased total white blood cells in animals at 
the highest dose at the same time. After 4 weeks of treatment, statistically significant, 
dose-dependent increases in serum cholesterol levels were seen at all doses, 
whereas serum triglycerides were significantly decreased only at the highest dose. 
Urine volume was decreased at each dose, reaching statistical significance after 1, 
2 and 3 weeks of treatment at the highest dose and after 3 weeks at the lowest 
dose. Urinary protein was significantly increased, although not in a dose-dependent 
manner, after 2 and 3 weeks of treatment in animals at the two higher doses. The 
urinary activity of lactate dehydrogenase was significantly increased in all treated 
animals, but the activities were higher in animals at the lowest dose than in those at 
the highest dose. The absolute weights of the brain, pituitary, thyroid, thymus, heart, 
liver, spleen, kidneys and testes were significantly reduced in rats at the highest 
dose, whereas the absolute adrenal weights were significantly increased in these 
animals. In rats at the intermediate dose, the absolute weights of the brain, thymus, 
heart, spleen and kidney were significantly reduced. At the lowest dose, the relative 
weights of the thyroid and adrenals were significantly increased. At the two higher 
doses, the relative (to body weight} weights of the brain, pituitary, adrenals and 
testes were significantly increased, whereas the relative thymus weight was 
significantly decreased. At the highest dose, the relative weights of the thyroid and 
kidney were significantly increased and that of the spleen was significantly decreased. 
The relative liver weight was significantly increased at all doses. Gross examination 
revealed peritonitis accompanied by adhesions in the abdominal cavity of 6/15 
animals at the highest dose and 1/15 at the intermediate dose. Enlargement of the 
mesenteric lymph nodes was reported at the two higher doses (intermediate dose, 
2/15; highest dose, 6/15). Catarrhal enteritis was seen in 3/15 rats at the highest 
dose. Microscopic examination revealed proliferation of the epithelium of the bile 
duct at each dose: control, 0/5; lowest dose, 3/5; intermediate dose, 3/5; highest 
dose 5/5. Additionally, 60-100% of the five rats at the highest dose whose organs 
were examined microscopically had lymphadenitis of the mesenteric lymph nodes, 
chronic catarrhal ileitis and cloudy swelling of hepatocytes. The lowest-observable
effect level (LOEL) was 50 mg/kg bw per day (Lewerenz et al., 1992). 

Although no NOEL is available for benzyl isothiocyanate (No. 1562), the 
NOEL of 5 mg/kg bw per day (Ogawa et al., 2001) for the structurally related agent 
phenethyl isothiocyanate is also appropriate for benzyl isothiocyanate, as they are 
both isothiocyanates, which are metabolized through similar metabolic pathways. 
This NOEL is 250 000 times the estimated intake of this substance from its proposed 
use as a flavouring agent in Europe (0.02 JJ.g/kg bw per day) and about 700 000 
times the estimated intake from its proposed use as a flavouring agent in the USA 
(0.007 JJ.g/kg bw per day). 
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Phenethy/ isothiocyanate (No. 1563) 

A bioassay of chemopreventive efficacy was conducted in groups of 12 male 
Fisc her 344 rats given diets containing phenethyl isothiocyanate at a concentration 
of 0 or 1304 ppm for up to 98 weeks. This dietary level was calculated to provide an 
average daily intake of 65.2 mg/kg bw (Food & Drug Administration, 1993). According 
to the authors, the concentration of phenethyl isothiocyanate used in the study 
represented 80% of the maximum tolerated dose, which was determined to be 
1630 pp m [about 81.5 mg/kg bw per day (Food & Drug Administration, 1993)]. During 
the study, food consumption and body weights were recorded weekly for the first 
20 weeks and then once every month for the remainder of the study. The study was 
terminated after 98 weeks, when about 80% mortality was observed, and rats were 
subjected to gross necropsy examination. No significant differences were observed 
between control and treated rats in body weight, food consumption, survival rate or 
tumour incidence in the lungs, liver, nasal cavity, pancreas and testes during the 
study (Chung et al., 1996). 

To investigate the observation in previous studies of marked hepatic lipidosis, 
particularly in the periportal region of the liver, in rats fed AIN-76A purified diet, 
groups of six male Fischer 344 rats were fed either AIN-76A purified diet or Wayne 
rodent meal (cereal-based) containing phenethyl isothiocyanate at a concentration 
of 0, 0. 75 or 6.0 m mol/kg for 13 weeks. The average daily intakes of ph en ethyl 
isothiocyanate were 0, 7 and 56 mg/kg bw from the AIN-76A diet and 0, 8 and 
67 mg/kg bw from the Wayne diet. Animals were observed daily for clinical signs of 
toxicity, and body weight and food consumption were recorded weekly (results not 
reported). At the end of the study, the animals were killed and their livers were 
removed for weighing and gross and microscopic examination. No significant effects 
on absolute liver weight were reported. All animals (including controls) fed the AIN-
76A diet showed markedly more (p < 0.05) hepatic lipid accumulation than those 
fed the Wayne diet. Dietary phenethyl isothiocyanate significantly (p < 0.05) reduced 
the hepatocyte lipid content in animals on the AIN-76A diet but significantly (p < 0.05) 
increased the lipid content in animals fed the Wayne diet, in comparison with controls. 
Significant (p < 0.05) and to some extent dose-related reductions in hepatocyte, 
lipid droplet, peroxisome and mitochondrial volumes were reported in rats given 
phenethyl isothiocyanate in the Wayne diet. The authors suggested that the lipid 
reduction was a result of inhibition of lipid synthesis or induction of lipid mobility to 
reduce the lipid content. Binding of phenethyl isothiocyanate to membrane proteins 
would result in reduced protein synthesis and altered lipid metabolism and excretory 
and secretory functions of hepatocytes. The authors reported that in an unpublished 
study in Fischer 344 rats given an NIH-07 diet containing 0 or 3-15 mmol/kg diet of 
phenethyl isothiocyanate, no liver toxicity was observed in control or treated rats. 
They concluded that, under experimental conditions in which any hepatotoxicity 
could be ascertained, phenethyl isothiocyanate did not appear to be toxic and that, 
with respect to the liver, phenethyl isothiocyanate could be tolerated at doses that 
far exceeded those that have effective chemopreventive activity (Gray et al., 1995). 

As part of a study of chemoprevention in rat urinary bladder and liver, groups 
of 15 male Fisc her 344 rats were fed diets containing phenethyl isothiocyanate at a 
concentration of 0, 0.01, 0.05 or 0.1% for 32 weeks. These dietary levels were 
calculated to provide average daily intakes of 0, 5, 25 and 50 mg/kg bw, respectively 
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(Food & Drug Administration, 1993). All animals were killed at the end of the 32-
week feeding period, and their livers and urinary bladders were excised for weighing 
and analysis. Eight rats from each group received an intraperitoneal injection of 
100 mg/kg bw bromodeoxyuridine 1 h before sacrifice. When compared with controls, 
no significant alterations in body weights were seen in treated rats at the end of the 
study. The relative liver and urinary bladder weights were increased in a dose
dependent manner and were significantly increased in rats at 25 and 50 mg/kg bw 
per day. No histopathological effects on the liver were observed in treated rats, but 
histopathological examination of the urinary bladder showed statistically significant, 
dose-dependent increases in the incidences of simple hyperplasia (control, 0/15; 
lowest dose, 1/15; intermediate dose, 15/15; highest dose, 15/15), papillary or nodular 
hyperplasia (control, 0/15; lowest dose, 0/15; intermediate dose, 15/15; highest dose, 
15/15) and dysplasia (control, 0/15; lowest dose, 0/15; intermediate dose, 8/15; 
highest dose, 12/15). There were no significant differences between treated and 
control groups in the incidences of urinary bladder papillomas, transitional-cell 
carcinomas or squamous-cell carcinomas. Relative to controls, rats at the highest 
dose had significantly increased bromodeoxyuridine labelling indices in normal 
mucosal tissue, papillary or nodular hyperplasia and dysplasia of the urinary bladder 
(Ogawa et al., 2001 ). 

3-Methylthiopropy/ isothiocyanate (No. 1564) 

Groups of 10 male rats were fed diets containing 0, 0.6, 60 or 600 pp m of 3-
methylthiopropyl isothiocyanate for 12 weeks, calculated to provide average daily 
intakes of 0, 0.03, 3 and 30 mg/kg bw, respectively (Food & Drug Administration, 
1993). Weekly food consumption was calculated, and body weights were recorded 
at weeks 1, 2, 4, 6, 8 and 12. All surviving rats were killed after 12 weeks and 
necropsied. All animals survived to scheduled termination. The food consumption 
and body-weight gain of treated animals were similar to control values. Treatment 
had no effect on organ weights, and no histological changes were reported (Harper 
et al., 1961 ). 

4-Acetyl-2-methylpyrimidine (No. 1565) 

Groups of 16 Sprague-Dawley Charles River CD (SO) BR rats of each sex 
were given 0 (vehicle control) or 1 mg/kg bw per day of 4-acetyl-2-methylpyrimidine 
in corn oil by gavage for 13 weeks. The rats were observed daily for clinical signs of 
toxicity, and body weights and food consumption were recorded weekly. At weeks 4 
and 13, blood samples were taken from eight rats of each sex per group for analysis. 
After 13 weeks, the rats were killed and necropsied. All animals survived to scheduled 
necropsy with no clinical signs of toxicity. Initially, all animals had diarrhoea, which 
was considered to be a result of the volume of corn oil used (1 0 ml/kg bw); when the 
volume was reduced (5 ml/kg bw) after 20 days, the diarrhoea stopped. No differences 
in body weight or food consumption were reported between treated and control 
rats. No effects on haematological end-points were reported at week 4. At week 13, 
treated males had a significantly increased mean corpuscular haemoglobin 
concentration, total bilirubin and alkaline phosphatase activity and significantly 
reduced mean corpuscular volume compared with controls. Treated females had 
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significantly reduced erythrocyte counts and alkaline phosphatase activity; however, 
the individual values for these animals remained within the normal physiological 
ranges for this species. The absolute organ weights of treated animals of each sex 
and the relative organ weights of treated males were similar to control values. In 
females, the relative weights of the liver, kidney and heart were significantly 
decreased, but the reductions were not accompanied by histopathological changes. 
Furthermore, the individual values for relative organ weights in treated female rats 
remained within the normal physiological ranges. No histological changes attributable 
to treatment were reported (Peano, 1981 ). 

5, 7-Dihydro-2-methylthieno(3,4-d)pyrimidine (No. 1566) 

In a 90-day study, groups of 23 weanling Sprague-Dawley rats of each sex 
were fed diets containing 5, 7 -dihydro-2-methylthieno(3,4- d}pyrimidine at concentra
tions that provided average intakes of 6.60 and 6.71 mg/kg bw per day for males 
and females, respectively. Controls were fed basal diet. Animals were observed 
daily for clinical signs of toxicity, and body weights and food consumption were 
recorded weekly. At weeks 6 and 13, urine was collected from eight rats of each sex 
in each group for analysis. At week 6, eight rats of each sex in each group were 
killed for blood sampling and analysis. At week 13, the remaining 15 rats of each 
sex per group were killed and necropsied. Before sacrifice, blood samples were 
taken from eight rats of each sex per group. There were no clinical signs of toxicity, 
and the body weights and food consumption of treated rats were similar to those of 
controls. There were no consistent, significant differences from controls in 
haematological, clinical chemistry, and urine analyses or in organ weights. All the 
values were within the expected ranges for rats of this age and strain. Histopatho
logical examination revealed hyperaemic lung tissue in some animals (both treated 
and control), indicative of a chronic mild respiratory condition that is not unusual in 
this strain. Additionally, some animals (both treated and controls) had mild, pale, 
discoloured or mottled areas on the liver in a randomly distributed low incidence. 
One control male had an abscess in the liver, and one treated male had a small 
hepatic cyst. Overall, no adverse effects were observed (Shellenberger, 1970). 

1-Phenyl-3- or -5-propylpyrazo/e (No. 1568) 

Groups of 1 0-16 Charles River CD rats of each sex were fed a diet containing 
1-phenyl-3- or -5-propylpyrazole at concentrations that provided average daily intakes 
26.1 and 24.8 mg/kg bw for males and females, respectively, for 90 days. Body 
weight and food consumption were recorded weekly, and food use efficiency was 
calculated. Haematological end-points and blood urea were determined for half the 
animals at week 7 and for all animals at week 13. At necropsy, gross and histological 
examinations were conducted on a wide range of organs, and the liver and kidneys 
were removed and weighed. No compound-related effects on body weight, food 
consumption, food use efficiency, haematological and clinical chemistry (i.e. blood 
urea) end-points, organ weights or histopathological appearance were reported 
(Posternak et al., 1969). 
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Long-term studies of toxicity and carcinogenicity 

Allyl isothiocyanate (No. 1560) 

Groups of five B6C3F1 mice of each sex were gavaged with 3, 6, 12, 25 or 
50 mg/kg bw per day of allyl isothiocyanate in corn oil for 14 days. No control groups 
were used. Animals were observed twice daily and weighed on days 1 and 15. On 
days 17-31, the surviving animals were killed and examined grossly. No clinical 
signs of toxicity were observed. One male at 50 mg/kg bw per day died on day 15. 
No dose-dependent changes were seen between groups in body-weight gain, which 
varied from 3% to 16%. At gross necropsy, four males and all females at the highest 
dose showed a thickened area of mucosa in the non-glandular region of the stomach, 
and four males and one female at this dose had a thickened urinary bladder wall 
(National Toxicology Program, 1982). 

Groups of 10 B6C3F1 mice of each sex were given 0 (vehicle control), 1.5, 3, 
6, 12 or 25 mg/kg bw per day of allyl isothiocyanate by gavage, 5 days per week for 
13 weeks. Animals were observed twice daily for mortality, morbidity and clinical 
signs of toxicity. On days 92-96, surviving animals were killed and necropsied. 
Animals found dead or moribund were also necropsied. Various tissues, masses 
and gross lesions from controls and animals at 25 mg/kg bw per day were examined 
histologically. No compound-related deaths or clinical signs of toxicity were reported. 
One male at 1.5 mg/kg bw per day and one at 12 mg/kg bw per day and two females 
at 3 mg/kg bw per day and each at 6 and 12 mg/kg bw per day died as a result of 
gavaging errors. The mean body weights of treated animals were comparable to 
those of controls. No gross or histological changes were reported at any dose 
(National Toxicology Program, 1982). 

In a bioassay for carcinogenesis, groups of 50 male and 50 female B6C3F1 

mice received 0 (vehicle control), 12 or 25 mg/kg bw per day of allyl isothiocyanate 
by gavage, 5 days per week for 103 weeks. The animals were observed twice daily 
for morbidity and deaths, and clinical signs of toxicity and body weights were recorded 
every 4 weeks. During weeks 1 04-1 06, the surviving animals were killed and 
necropsied. Animals found dead were also necropsied, and those found moribund 
were killed and necropsied. A selection of tissues, masses and gross lesions from 
all groups were examined histologically. Survival was comparable in all the groups, 
although that of control females was consistently lower than the survival of treated 
groups after week 40. One control male, six at the lowest dose and seven at the 
highest dose and one female at the highest dose died as a result of gavaging errors. 
Many of the female mice that died before week 104 (control, 13/34; lowest dose, 
6/25; highest dose, 12/30) had suppurative inflammation of the peritoneum, uterus 
or multiple organs, suggesting generalized infection. The mean body weights of 
mice of each sex at the highest dose were higher than those of controls for most of 
the study; however, the final mean body weights of treated and control animals 
were comparable (statistics not reported). The incidence of primary tumours was 
not increased in treated mice. Male mice showed a statistically significant (p < 0.05), 
dose-related increase in cytoplasmic vacuolization in the liver (control, 2/49; lowest 
dose, 8/49; highest dose, 13/50). The severity of this lesion was similar in all three 
groups. Most of the vacuoles were centrilobular, and all contained fat. The authors 
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concluded that allyl isothiocyanate was not carcinogenic (National Toxicology 
Program, 1982). 

Rats 

Groups of five Fischer 344/N rats of each sex were given 25, 50, 100, 200 or 
400 mg/kg bw per day of allyl isothiocyanate in corn oil by gavage for 14 days. No 
control groups were used. Animals were observed twice daily and were weighed on 
days 1 and 15. On days 16-17, the surviving animals were killed and underwent 
gross necropsy. Clinical signs, including inactivity and ruffled fur, were observed at 
all doses, the severity increasing with dose; all animals at the two higher doses died 
before the end of the study. Animals at 100 mg/kg bw per day gained less weight 
than those at 25 or 50 mg/kg bw per day. Gross necropsy revealed a thickened 
mucosal surface of the stomach in animals at 50-400 mg/kg bw per day. Male rats 
given 50-400 mg/kg bw per day and female rats given 1 00-400 mg/kg bw per day 
also had adhesion of the stomach to the peritoneum (National Toxicology Program, 
1982). 

Groups of 10 Fischer 344/N rats of each sex were given 0 (vehicle control), 
1.5, 3, 6, 12 or 25 mg/kg bw per day allyl isothiocyanate by gavage, 5 days per week 
for 13 weeks. The animals were observed twice daily for deaths, morbidity and 
clinical signs of toxicity. On days 92-96, the surviving animals were killed and 
necropsied. Animals found dead were also necropsied, and those found moribund 
were killed and necropsied. Various tissues, masses and gross lesions from controls 
and rats at 25 mg/kg bw per day were examined histologically. All animals survived 
to scheduled termination, with no clinical signs of toxicity. The mean body weights 
of treated animals were comparable to those of controls. No gross or histological 
changes were found at any dose (National Toxicology Program, 1982). 

In a bioassay for carcinogenesis, groups of 50 male and 50 female Fischer 
344 rats received 0 (vehicle control), 12 or 25 mg/kg bw per day allyl isothiocyanate 
by gavage, 5 days per week for 1 03 weeks. The animals were observed twice daily 
for morbidity and deaths, and clinical signs of toxicity and body weights were recorded 
every 4 weeks. During weeks 1 04-1 06, the surviving animals were killed and 
necropsied. Animals found dead were also necropsied, and those found moribund 
were killed and necropsied. A selection of tissues, masses and gross lesions from 
all groups were examined histologically. The mean body weights of males at 25 mg/kg 
bw per day were lower than those of controls throughout the study, whereas the 
mean body weights of treated females were higher in the second half of the study 
(statistics not reported). No clinical signs of toxicity were reported. One male and 
two females at 12 mg/kg bw per day and one male at 25 mg/kg bw per day died as 
a result of gavaging errors. Survival (58-7 4%) was comparable in all groups (including 
controls). The incidence of subcutaneous tissue fibrosarcomas was increased in 
females at the higher dose, with a significant trend (p < 0.05); however, the increase 
was not statistically significant in comparison with controls (control, 0/50; lower dose, 
0/50; higher dose, 3/50). The incidence of undifferentiated leukaemia was increased, 
with a significant trend (p < 0.05), in treated male rats, and at the higher dose the 
incidence was significantly (p < 0.05) greater than in controls (control, 2/50; lower 
dose, 6/50; higher dose, 8/50). Also in male rats, the incidence of transitional-cell 
papillomas of the urinary bladder showed a significant trend (p < 0.05; control, 0/49; 
lower dose, 2/49; higher dose, 4/49), but the incidence at the lower dose was not 
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statistically significant. One female at the higher dose also had this lesion, but the 
incidence was not statistically significant. Epithelial hyperplasia of the urinary bladder 
occurred in males with a significant (p < 0.05) overall trend and was significantly 
increased at the higher dose (control, 0/49; lower dose, 1/49; higher dose, 6/49). 
Hyperplasia was not seen in animals with papillomas. The incidence of non-neoplastic 
lesions of the eye (retinopathy and cataract) was significantly increased in males at 
the higher dose and females at the lower dose; however, the increased incidence 
correlated with cage placement. The authors concluded that, under the conditions 
of the bioassay, allyl isothiocyanate was carcinogenic for male rats, causing 
transitional-cell papillomas of the urinary bladder, but that the evidence that allyl 
isothiocyanate caused subcutaneous fibrosarcomas in female rats was equivocal 
(National Toxicology Program, 1982). 

Concusions 

lsothiocyanates are strong irritants in epithelial tissue and often cause contact 
dermatitis. In rats given an LD50 dose of 112 mg/kg bw of allyl isothiocyanate by 
stomach tube, marked irritation of the lungs and gastrointestinal tract was reported 
(Anderson & Hurwitz, 1953). Fischer 344 rats and B6C3F1 mice of each sex given 
50 mg/kg bw of allyl isothiocyanates by gavage for 14 consecutive days had stomach 
damage and thickening of the urinary bladder epithelium, especially male rats 
(National Toxicology Program, 1982). In mice, the dermal sensitizing effects of allyl 
isothiocyanates have been correlated with a change in the ratio of GSH:glutathione 
disulfide in skin, suggesting that the substance induces oxidative stress in mouse 
skin epithelium (Schmidt & Chung, 1993). On the basis of the evidence that allyl 
isothiocyanate has strong irritant and cytotoxic properties, the observation that it is 
not genotoxic in vivo (see below) and the report that it induces benign transitional
cell papillomas only in male rats, this substance probably operates through a 
secondary non-genotoxic mechanism, as has been established for other irritating 
bladder carcinogens, such as sodium saccharin (Cohen & Ellwein, 1990). 

Studies on the metabolism and disposition of allyl isothiocyanate (see section 
2.3.1 above) show clear sex- and species-specific differences. Mice excreted 
essentially all of an oral dose of allyi 14C-isothiocyanate within 96 h, while rats retained 
up to 20% in the carcass during the same interval. Blood radioactivity returned to 
background levels within 96 h in mice but within up to 240 h in rats. In a separate 
experiment, mice excreted more than 80% of a dose of allyl 14C-isothiocyanate in 
the urine within 3 days, while rats excreted only 55%, indicating that rats selectively 
retain thiocyanate ion (Bollard et al., 1997). These results support the conclusion 
that rats are more heavily exposed to allyl isothiocyanate and its metabolites than 
mice. 

Female rats produce twice as much urine as male rats (loannou et al., 1984; 
Bollard et al., 1997), strengthening the conclusion that the male rat bladder is exposed 
to higher concentrations of allyl isothiocyanate and its metabolites than the female 
rat bladder. The observation that radioactivity levels from allyl 14C-isothiocyanate 
measured in the urinary bladder 1, 1.5 and 2 h after dosing were significantly higher 
in male than in female rats supports this conclusion (Bollard et al., 1997). 

The thiol conjugates of allyl isothiocyanates are potentially toxic, given their 
inherent instability. An equilibrium exists between unconjugated and conjugated forms 
of allyl isothiocyanate, which allows for the presence of as much as 15-20% of 
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unconjugated allyl isothiocyanate (Bollard et al., 1997). The equilibrium can, however, 
be shifted in favour of the unconjugated form in the presence of a low GSH 
concentration and an alkaline pH (Bruggeman et al., 1986), conditions that might 
exist in the urinary bladder of rats that feed at night. Therefore, increased absorption 
of free allyl isothiocyanate might occur in the bladder epithelium. The histopathological 
evidence of epithelial hyperplasia in the male bladder (National Toxicology Program, 
1982) correlates with the biochemical evidence that the male rat bladder is exposed 
to high levels of possible irritants, including allyl isothiocyanate and its metabolites. 
Both the qualitative and quantitative aspects of the molecular disposition of allyl 
isothiocyanate and its associated toxicological sequelae in mammals have been 
relatively well defined and are similar to those reported for other irritating substances 
in the urinary bladder (Cohen & Ellwein, 1990). Epithelial cell papillomas are benign 
lesions on luminal surfaces. Apparently, exposure to high concentrations of an 
irritating material is the likely source of regenerative hyperplasia and subsequent 
benign papillomas in the male rat bladder. When male rats are given repeated high 
doses of allyl isothiocyanate, it is metabolized by GSH conjugation. When the 
conjugate accumulates in the male rat bladder, it either irritates the bladder epithelium 
or dissociates into free allyl isothiocyanate, which also acts as an irritant. 

The relevance of the appearance of benign bladder tumours to potential 
carcinogenic targets in humans has been the subject of much investigation (Tennant 
et al., 1986; Ashby & Tennant, 1988; Cohen & Ellwein, 1990). Ashby and Tennant 
(1988) concluded from a detailed analysis of the National Toxicology Program 
database on carcinogens that genotoxicity was not the primary determinant of the 
carcinogenicity of allyl isothiocyanate. A working group convened by the International 
Agency for Research on Cancer ( 1985) concluded that the evidence for the 
carcinogenicity of allyl isothiocyanate in rodents was limited, as benign tumours 
were induced only in male rats in a single tissue. On the basis of the conclusion that 
papillomas are induced by a non-genotoxic mechanism, the relevance of the 
occurrence of these tumours to human health must be evaluated in the context of 
the conditions of exposure in the experiments and those experienced by humans 
during intake of allyl isothiocyanates as a flavouring substance. 

The two factors that distinguish the exposure of humans to allyl isothiocyanate 
from that of rats are daily intake and the exposure of the bladder. The rats in the 2-
year study of the National Toxicology Program (1982) were exposed to 25 000 1-1g/kg 
bw daily, while human intake from use of allyl isothiocyanate as a flavouring substance 
is approximately 1 000 times less (251-!g/kg bw per day). This lower level of exposure 
and the fact that humans excrete about 1500 ml of urine per day mean that the 
concentration of allyl isothiocyanate, or its metabolites, in the human bladder would 
be orders of magnitude lower than that required to induce hyperplasia and papillomas 
in rats. Given that no bladder toxicity was observed at the lowest dose of 12 000 1-1g/kg 
bw per day in the 2-year study of the National Toxicology Program (1982), it is 
unlikely that this secondary mechanism of carcinogenicity operates in humans. 

(e) Genotoxicity 

Four representative miscellaneous nitrogen derivatives (Nos 1560, 1561, 
1562 and 1563) have been tested for genotoxicity. The results of these tests are 
summarized in Table 5 and described below. 



Table 5. Studies of g_enotoxicity_ with miscellaneous nitrog_en derivatives ~ 
No. Agent End-point Test object Dose or concentration Results Reference 

In vitro 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA97, TA 1 02 0.001-0.1 mg/plate Negative• Fujita & Sasaki (1987) 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA98, TA1535, 1-1 000 l!g/plate Negative• Mortelmans et al. 
(1986) 

TA1537 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 1535, 0, 100, 200 or Negativeb.c Yamaguchi (1980) 

TA1536, TA1537, 1538 300 l!g/plate 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA97, TA98, 1 mg/ml Negative•.d Azizan & Blevins (1995) 

TA100 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA98 0, 100, 200 or Weakly Yamaguchi (1980) 

300 !!g/plate positiveb.c 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 100 1-1000 l!g/plate Equivocal•·• Mortelmans et al. 
(1986) 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 1 00 ::;; 1 00 l!g/plate Positiveb Yamaguchi (1980) ~ 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 1 00 50 l!g/ml Positiveb Brooks et al. (1984) 

(/) 
() 

1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 100 0.025-2.5!!1/ml Negative• Eder et al. (1980) ~ 
(0.026-2.6 mg/ml)' r-

:b 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 1 00 NR Weakly Eder et al. (1982) ;;: 

positiveb.g 111 
0 

1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 100 NR Negativeh Eder et al. (1982) ~ 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 100 ::;; 0.5 !!gip late Negativeb Neudecker & Henschler :!:: 

(1985) :a 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA 1 00 ::;; 0.5 l!g/plate Negative/ Neudecker & Henschler 0 

positiveh.i.i (1985) C) 

1560 Allyl isothiocyanate Reverse mutation S. typhimuriumTA98, TA100 0.05-500 !!g/plate Negative• Kasamaki et al. (1982) ~ 
1560 Allyl isothiocyanate Reverse mutation S. typhimurium TA98, TA 1 00 ::;; 200 !!g/plate Positiveb.k Kassie & KnasmOIIer 1::1 

(2000) ~ 
1560 Allyl isothiocyanate Reverse mutation S. typhimuriumTA98, TA100 ::;; 200 l!g/plate Negativeh.k Kassie & KnasmOIIer ~ 

(2000) :::! 
1560 Allyl isothiocyanate Reverse mutation E. coliWP 67 (trp uvrA poiA) 0.1, 1 or 3 mmol/1 Negativeb.m Rfhova (1982) rii 

(9.9, 99 or 2971!g/ml) 1 
(/) 



Table 5 (contd) ~ 
(/) 

No. Agent End-point Test object Dose or concentration Results Reference 
(") 

~ ,.... 
1560 Allyl isothiocyanate Reverse mutation E. coliWP 67 (trp uvrA poiA) 1 ,3 or 5 mmol/1 Positiveh.n Rfhova (1982) 

):,. 

(99, 297 or 496 f,!g/ml)1 ~ 
1560 Allyl isothiocyanate DNA repair E. coli 343/753 (uvrB/recA/Lac-), ::;;25 f.!g/ml Positiveb Kassie & KnasmOIIer ~ 

343/765 (uvr+/ree+/Lac-) (2000) 
~ 1560 Allyl isothiocyanate DNA repair E. co/i343/753 (uvrB/recA/Lac-), ::;; 25 f,!g/ml Negativeh Kassie & KnasmOIIer :ti 343/765 (uvr•Jrec•JLac-) (2000) 0 

1560 Allyl isothiocyanate DNA repair Bacillus subtilis H 17 ( rec•) 20 f,!g/disc Negativeb Oda et al. (1979) (;) 

and M45 (rec-) ~ 
1560 Allyl isothiocyanate Forward mutation Mouse lymphoma L5178Y 0.2, 0.4, 0.6, 0.8 or Positiveb,o,p McGregor et al. (1988) tl 

cells 1.0 f.!g/ml ~ 
1560 Allyl isothiocyanate Forward mutation Mouse lymphoma L5178Y 0.4, 0.8, 1.0, 1.2, 1.4 Positiveb.o,p McGregor et al. (1988) § 

cells or 1.6 f,!g/ml :::! 
1560 Allyl isothiocyanate Sister chromatid Chinese hamster ovary cells 0.1-0.5 f.!g/ml Negativeb Galloway et al. (1987) fi:i 

exchange (/) 

1560 Allyl isothiocyanate Sister chromatid Chinese hamster ovary cells 0.16-1.6f.!g/ml Positiveh Galloway et al. (1987) 
exchange 

1560 Allyl isothiocyanate Sister chromatid Chinese hamster ovary cells 2.4, 2.7 or 3.0 f,!g/ml Negativeb,m Musk et al. (1995) 
exchange 

1560 Allyl isothiocyanate Chromosomal Chinese hamster ovary cells 0.5-5 f.!g/ml Weakly Galloway et al. 
aberrations positive• (1987) 

1560 Allyl isothiocyanate Chromosomal Chinese hamster ovary cells ::;; 5 nmol/1 Positiveb Kasamaki et al. (1982) 
aberrations (0.496 ng/ml)m 

1560 Allyl isothiocyanate Chromosomal Chinese hamster ovary cells 1-10 nmol/1 Positiveb,o Kasamaki & Urasawa 
aberrations (0.099-0.99 ng/ml)m (1985) 

1560 Allyl isothiocyanate Chromosomal Chinese hamster ovary cells 2.4, 2.7 or 3.0 f,!g/mll Negativeb,m Musk et al. (1995) 
aberrations 

1560 Allyl isothiocyanate Chromosomal SV40-transformed Indian 0.2, 0.4 or 0.8 f.!g/mll Negativeb,m Musk & Johnson (1993) 
aberrations muntjac cells 

1560 Allyl isothiocyanate Micronucleus Human Hep G2 cells ::;;5 f.!g/ml Weakly Kassie & KnasmOIIer 1\) 

induction positivem (2000) ~ 



Table 5 ( contd) 1\) 

~ 
No. Agent End-point Test object Dose or concentration Results Reference 

1560 Allyl isothiocyanate Unscheduled DNA Human He la S3 cells NRq Negative Schiffmann et al. (1983) 
synthesis 

1561 Butyl isothiocyanate Reverse mutation S. typhimurium TA 100 ~ 1 00 11g/plate Positiveb Yamaguchi (1980) 
1562 Benzyl isothio- Reverse mutation S. typhimurium TA 100 ~ 150 11g/plate Positiveb.q Yamaguchi (1980) 

cyanate 
1562 Benzyl isothio- Reverse mutation S. typhimuriumTA98, TA100 ~ 200 11g/plate Positiveb.k Kassie et al. (1999) 

cyanate 
1562 Benzyl isothio- Reverse mutation S. typhimurium TA98, TA 100 ~ 200 11g/plate Negativeh,k Kassie et al. (1999) 

cyanate 
1562 Benzyl isothio- DNA repair E. coli343/753 (uvrB/recA/Lac-), ~ 5.5!lglml Positiveb.m Kassie et al. (1999) 

cyanate 343/765 (uvr•/rec•/Lac-) 
1562 Benzyl isothio- DNA repair E. coli3431753 (uvrB/recA/Lac-), ~ 5.5!lglml Negativeh,m Kassie et al. (1999) 

cyanate 343/765 (uvr•frec•/Lac-) ~ 
1562 Benzyl isothio- Chromosomal SV40-transformed Indian 0.22, 0.44 or Positiveb,m Musk & Johnson (1993) Cl) 

cyanate aberrations muntjac cells 0.88!lglml ~ 
1562 Benzyl isothio- Micronucleus Human Hep G2 cells 1 to 4!lglml Positivem Kassie et al. (1999) .... 

cyanate induction :b. 

1563 Phenethyl isothio- Reverse mutation S. typhimurium TA98, TA 100 ~ 200 11g/plate Positiveb,k Kassie & Knasmuller ~ 
cyanate (2000} 55 1563 Phenethyl isothio- Reverse mutation S. typhimurium TA98, TA 100 ~ 200 11g/plate Negativeh,k Kassie & Knasmuller 

2:: cyanate (2000} :a 1563 Phenethyl isothio- DNA repair E. coli343/753 (uvrB/recA/Lac-), ~ 251lg/ml Positiveb Kassie & Knasmuller 0 
cyanate 343/765 (uvr+/rec•/Lac-) (2000} Q 

1563 Phenethyl isothio- DNA repair E. coli343/753 (uvrB/recA/Lac-), ~ 25 11g/ml Negativeh Kassie & Knasmuller ~ 
cyanate 343/765 (uvr+/rec•/Lac-) (2000} 

~ 1563 Phenethyl isothio- Sister chromatid Chinese hamster ovary cells 0.6, 0.9 or 1.2 11g/ml Positiveb,m,, Musk et al. (1995} 
cyanate exchange ~ 

1563 Phenethyl isothio- Chromosomal Chinese hamster ovary cells 0.6, 0.9 or 1.2 11g/ml Positiveb,m,s Musk et al. (1995) :::! 
cyanate aberrations ~ 

(/j 



Table 5 ( contd) 3:: c;; 
No. Agent End-point Test object Dose or concentration Results Reference 

(') 

~ ..... 
1563 Phenethyl isothio- Chromosomal SV40-transformed Indian 0.44, 0.88 or Positiveb,m Musk & Johnson (1993) 

:b. 

cyanate aberrations muntjac cells 1.32Jlg/ml ~ 
1563 Phenethyl isothio- Micronucleus Human Hep G2 cells 5: 5Jlg/ml Positivem Kassie & Knasmuller ~ 

cyanate induction (2000) 
~ 

In vivo ~ 
0 

1560 Allyl isothiocyanate Sex-linked recessive Drosophila melanogaster(male) NR' Weakly Auerbach & Robson C) 

lethal mutations positive (1947) ~ 
1560 Allyl isothiocyanate Sex-linked recessive Drosophila melanogaster(male) 650 ppm" Negative Valencia et al. (1985) tJ 

lethal mutations ~ 
1560 Allyl isothiocyanate Sex-linked recessive Drosophila melanogaster(male) 54 ppm" Negative Zimmering et al. (1989) ~ 

lethal mutations :::! 
1560 Allyl isothiocyanate Sex-linked recessive Drosophila melanogaster(male) 700 ppmv Negative Valencia et al. (1985) n:i 

lethal mutations (/) 

1560 Allyl isothiocyanate Chromosome breaks Drosophila melanogaster NR' Negative Auerbach & Robson 
(1947) 

1560 Allyl isothiocyanate Host-mediated DNA Swiss albino mouse 90 or 270 mg/kg bWW Positivex Kassie & Knasmuller 
repair (E. coli 343/753 (2000) 

(uvrB/recA/Lac-) and 
343/765 ( uvr+/rec•/Lac-)) 

1560 Allyl isothiocyanate Micronucleus Male 86C3F
1 

mouse (bone 37 .5, 75 or 150 mg/kg Negative Shelby et al. (1993) 
induction marrow) bw per day>' 

1560 Allyl isothiocyanate Micronucleus Male outbred (Shoe:WIST) 10, 20 or 40 mg/kg bw Negative Lewerenz et al. (1988a) 
induction rat (bone marrow) per day' 

1560 Allyl isothiocyanate Unscheduled DNA Male Hsd/Oia Sprague- 37.5 or 125 mg/kg bW"• Negative Bechtel et al. (1998) 
synthesis Dawley rat (hepatocytes) 

1560 Allyl isothiocyanate Dominant lethal Male ICR/Ha Swiss mouse 3.8 or 19 mg/kg bwbb Negative Epstein et al. (1972) 
mutations 

1562 Benzyl isothio- Host-mediated DNA Swiss albino mouse 30, 90 or 270 mg/kg bww Positive'' Kassie et al. (1999) 1\) 

cyanate repair (E. coli 343/753 (uvrB/recA/Lac•), ~ .... 
343/765 ( uvr+/rec+/Lac-)) 



Table 5 (contd) 

No. Agent End-point Test object 

1562 Benzyl isothio- Unscheduled DNA Male Fischer 344 rat 
cyanate synthesis (hepatocytes) 

1562 Benzyl isothio- Replicative DNA Male Fischer 344 rat 
cyanate synthesis (hepatocytes) 

1563 Phenethyl isothio- Host-mediated DNA Swiss albino mouse 
cyanate repair (E. coli 343/753 (uvrB/recA/Lac•) 

and 343/765 (uvr+/rec•/Lac-)) 
1563 Phenethyl isothio- Chromosomal Male Swiss albino mouse (bone 

cyanate aberrations marrow) 

NR, not reported; S9, 9000 x g rat liver microsomal fraction 

• With and without S9 
b Without S9 
' Cytotoxic at 200 and 300 11g/plate 
d Pre-incubation method (60 and 120 min) 

Dose or concentration Results 

400 ppmdd (40 mg/kg bw Negative 
per day) 
400 ppmdd Negative 
(40 mg/kg bw per day) 
90 or 270 mg/kg bww Negative 

1 11mol/kg bw per day•• Negative 
(0.16 mg/kg bw per day)ff 

Reference 

Sugie et al. (1993) 

Sugie et al. (1993) 

Kassie & Knasmuller 
(2000) 

Sen et al. (1996) 

• Tested in two different laboratories: in one, at concentrations:;:; 400 llg/plate, with weakly positive results (increases less than twofold greater than 
control values but dose-dependent) with or without metabolic activation, with cytotoxicity at highest dose; in the other, tested at concentrations 
:;:; 1000 11g/plate with and without metabolic activation; cytotoxicity at highest concentration. All other results consistently negative 

1 Calculated from density of 1.02 g/ml 
g Borderline significance 
h With S9 
' Pre-incubation method (20, 80 and 120 min); negative after 20-min pre-incubation; positive after 80- and 120-min pre-incubation 
; Although positive with S9, greater mutagenic potential at lower doses of S9 mix 
k Cytotoxic at > 1 00 llg/plate 
' Calculated from relative molecular mass= 99.15 g/mol 
m Cytotoxic at all concentrations 
" Cytotoxic at <! 3 mmol/1 
o Cytotoxic at highest concentration 
P Lethal at highest concentrations 
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q Authors found result positive, but number of revertants was not twice the number of spontaneous revertants in controls 
' Significant increase in sister chromatid exchange only at highest dose 
s Positive at 0.9 and 1.2 jlg/ml 
' Dose applied as a 'pure' spray every 10 s for a total of 9 min 
" In feed 
v Injection 
w Mixture of indicator bacteria injected into tail vein followed by gavage with test compound 
x Significant decrease in relative survival rates of E. coli strains in liver, lung and colon at 90 mg/kg bw per day and in all organs at 270 mg/kg bw 

per day 
Y Intraperitoneal injections over 3 consecutive days 
z Gavage for 6 weeks 
•• Single gavage dose tested at 2 and 14 h 
bb Single intraperitoneal injection 
cc At two highest doses 
dd In diet for 1 week 
•• Gavage for 7 days 
• Calculated from relative molecular mass = 163.24 g/mol 
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In vitro 

The results of standard and modified assays for reverse mutation (Ames 
tests) conducted with allyl isothiocyanate (No. 1560) were not consistent. In 
Salmonella typhimuriumstrains TA97, TA102, TA1535, TA1536, TA1537 and 1538, 
no evidence of mutagenicity was found with or without metabolic activation at 
concentrations up to 1000 11glplate or 1 mg/ml of allyl isothiocyanate (Yamaguchi, 
1980; Mortelmans et al., 1986; Fujita & Sasaki, 1987; Azizan & Blevins, 1995); 
however, mixed results were reported when allyl isothiocyanate was tested in S. 
typhimurium strains TA 100 and TA98 (Eder et al., 1980; Yamaguchi, 1980; Eder et 
al., 1982; Kasamaki et al., 1982; Brooks et al., 1984; Neudecker & Henschler, 1985; 
Mortelmans et al., 1986; Kassie & KnasmOIIer, 2000). At concentrations of up to 
500 11glplate with and without metabolic activation, allyl isothiocyanate did not 
increase the number of revertants in TA 100 in comparison with controls (Kasamaki 
et al., 1982). Mortelmans et al. (1986) reported the results for allyl isothiocyanate 
tested in two different laboratories. While in one laboratory allyl isothiocyanate gave 
weakly positive results (i.e. increases less than twofold greater than control values 
but dose-dependent) at concentrations up to 400 11g/plate with and without metabolic 
activation, in the other laboratory concentrations up to 1000 11glplate in the presence 
and absence of metabolic activation did not induce a significant increase in the 
number of revertants relative to controls. In both laboratories, cytotoxicity was reported 
at the highest concentrations tested. 

Allyl isothiocyanate induced reverse mutation inS. typhimurium strain TA 100 
without metabolic activation at concentrations up to 50 11glplate or 1 00 11glml 
(Yamaguchi, 1980; Eder et al., 1982; Brooks et al., 1984), with cytotoxicity at higher 
concentrations (Yamaguchi, 1980). Although Eder et al. (1982) reported weak 
mutagenic activity of borderline significance for allyl isothiocyanate (concentrations 
not specified) in S. typhimurium TA 100 in the absence of metabolic activation, no 
mutagenicity was observed with metabolic activation. Moreover, in an earlier study, 
Eder et al. (1980) observed no mutagenic potential in TA 100 with or without metabolic 
activation at concentrations up to 2.6 mg/ml. Similarly, in the absence of metabolic 
activation, allyl isothiocyanate caused a dose-dependent increase in the number of 
His+ revertants in S. typhimurium TA 1 00 at concentrations up to 1 00 11glplate 
(1 11mol/plate), with significant toxicity at the highest concentration of 200 11glplate; 
however, after addition of metabolic activation, the revertant frequency did not differ 
from that of controls (Kassie & KnasmOIIer, 2000). 

In the presence of metabolic activation, pre-incubation time was shown to 
be a significant determinant of the mutagenicity of allyl isothiocyanate in S. 
typhimurium strain TA 100 (Neudecker & Henschler, 1985). While allyl isothiocyanate 
was not mutagenic in a modified Ames assay with a pre-incubation time of 20 min 
and with metabolic activation, longer pre-incubation times (80 and 120 m in) resulted 
in a time-dependent increase in the number of revertants; however, allyl isothio
cyanate was more mutagenic at lower concentrations of the S9 mix. Without metabolic 
activation, allyl isothiocyanate did not increase the number of revertants, regardless 
of pre-incubation time. In a follow-up study conducted by Azizan and Blevins (1995), 
however, in which allyl isothiocyanate was tested at concentrations up to 1 mg/ml in 
S. typhimurium TA 100 with and without metabolic activation in the modified Ames 
assay with pre-incubation times up to 120 m in, negative results were reported. 
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Although allyl isothiocyanate was mutagenic inS. typhimuriumTA98 without 
metabolic activation at concentrations up to 100 Jlg/plate (Yamaguchi, 1980; Kassie 
& Knasmuller, 2000), no increase in the number of revertants was reported in these 
studies in the presence of metabolic activation (Kassie & Knasmuller, 2000) or in 
several other studies in which allyl isothiocyanate was tested at concentrations up 
to 1 000 Jlg/plate or 1 mg/ml with and without metabolic activation, even when the 
pre-incubation time was up to 120 m in (Kasamaki et al., 1982; Mortelmans et al., 
1986; Azizan & Blevins, 1995). 

Butyl isothiocyanate and benzyl isothiocyanate also induced reverse mutation 
in S. typhimurium strains T A98 and TA 1 00 at concentrations up to 200 Jlg/plate 
without metabolic activation (Yamaguchi, 1980; Kassie et al., 1999). In the presence 
of metabolic activation, benzyl isothiocyanate gave negative results (butyl isothio
cyanate was not re-evaluated with 89) (Kassie et al., 1999}. 

Kassie and Knasmuller (2000} also evaluated the potential mutagenicity of 
phenethyl isothiocyanate in S. typhimurium TA 100. Like allyl isothiocyanate, 
phenethyl isothiocyanate at a concentration of 100 Jlg/plate induced a dose
dependent increase in the number of revertants in the absence, but not in the 
presence, of metabolic activation. 

In Escherichia coliWP 67 (trp uvrA poiA}, allyl isothiocyanate at concentrations 
up to 5 mmol/1 (496 Jlg/ml) induced reverse mutations only in the presence of 
metabolic activation after an incubation of 120 min. In an assay without metabolic 
activation, concentrations of 0.1, 1 and 3 mmol/1 were all highly cytotoxic, whereas 
with metabolic activation marked cytotoxicty was apparent at concentrations 
;:>: 3 mmol/1. The authors noted that the degree of mutagenicity was related to the 
source and protein content of the metabolic activation mix: microsomal fractions 
from the liver of phenobarbital-treated rats, goats and monkeys were more active at 
a lower protein content than those obtained from mice and hamsters (Rfhova, 1982). 

The extent of reparable DNA damage induced by isothiocyanates was 
measured by comparing the viability of two E. coli strains that differ in their DNA 
repair capacity (343/753 and 343/765). There was no evidence of DNA damage 
when concentrations of up to 25 Jlg/ml of allyl isothiocyanate or phenethyl isothio
cyanate (Kassie & KnasmOIIer, 2000} or concentrations of up to 5.5 Jlg/ml of benzyl 
isothiocyanate (No. 1562) (Kassie et al., 1999} were incubated with E. coli strains 
343/753 (uvrB/recA/Lac+) and 343/765 (uvr+/rec+/Lac-) in the presence of Aroclor 
1254-induced 89 mix. In contrast, without metabolic activation, allyl isothiocyanate 
and phenethyl isothiocyanate strongly reduced the viability of the repair-deficient 
strain in a concentration-dependent manner after a 2-h incubation (Kassie & 
Knasmuller, 2000). Similarly, benzyl isothiocyanate gave positive results without 
metabolic activation, inducing a > 50% reduction in the relative survival rate at 
1.5 Jlg/ml (Kassie et al., 1999). 

In order to evaluate the protective effect of non-enzymatic protein binding 
and amino and sulfhydryl group reactions with respect to the apparent reduction in 
mutagenic activity after addition of 89, allyl isothiocyanate and phenethyl 
isothiocyanate were incubated with two E. coli indicator strains with or without bovine 
serum or human saliva for 2 h. Both bovine serum and human saliva reduced the 
differential DNA damage induced by the test substances in a concentration-dependent 
manner. The genotoxic effects of both substances were nearly completely attenuated 
by bovine serum at 12 ng/ml, whereas 150 Jll of human saliva added to the test 
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mixtures reduced reparable DNA damage by approximately 60% and 40% for allyl 
isothiocyanate and phenethyl isothiocyanate, respectively (Kassie & KnasmOIIer, 
2000). Similar results were reported with benzyl isothiocyanate (Kassie et al., 1999). 
Bovine serum at 9 mg/ml completely abolished the mutagenic effects of benzyl 
isothiocyanate, whereas human saliva and gastric juice reduced the effects by 40% 
and 45%, respectively. The presence of radical scavengers (i.e. vitamin E, 13-carotene, 
vitamin C and sodium benzoate) also reduced the differential DNA damage caused 
by allyl isothiocyanate, phenethyl isothiocyanate and benzyl isothiocyanate (Kassie 
et al., 1999; Kassie & KnasmOIIer, 2000). On the basis of these results, the authors 
suggested that mechanisms such as liver detoxication, non-enzymatic protein binding 
and preferential reaction with proteins provide protection against isothiocyanates in 
vivo (Kassie & KnasmOIIer, 2000). 

In the rec assay, which is a method of detecting DNA damaging activity by 
differences in growth inhibition zones in Bacillus subtilis H17 and M45, allyl 
isothiocyanate at a concentration of 20 11g/disc gave negative results (Oda et al., 
1979). 

Allyl isothiocyanate, benzyl isothiocyanate and phenethyl isothiocyanate have 
been tested in mammalian cell lines. Allyl isothiocyanate induced forward mutation 
in two trials at concentrations up to 1.6 11g/m in L5178Y tk+/tl\ mouse lymphoma 
cells without metabolic activation; however, the mutagenic responses were 
accompanied by relatively high toxicity, with a relative total growth of 15% at the 
lowest effective concentration of 0.4 11g/ml. Furthermore, allyl isothiocyanate was 
lethal at the highest concentration tested in each experiment, 1.0 11g/ml and 1.611g/ml 
(McGregor et al., 1988). 

Allyl isothiocyanate did not significantly increase the frequency of sister 
chromatid exchange in Chinese hamster ovary cells without metabolic activation at 
concentrations of 0.1-0.5 11g/ml; however, the frequency was increased at 
concentrations of 0.16-1.6 11g/ml after addition of 89. Likewise, no statistically 
significant increase in the number of sister chromatid exchanges was observed in 
the absence of metabolic activation in Chinese hamster ovary cells at concentrations 
up to 3.0 11g/ml, but it was cytotoxic at all concentrations (Galloway et al., 1987). 

A significant increase in the frequency of chromosomal aberrations was 
observed in Chinese hamster ovary cells at concentrations up to 0.99 ng/ml of allyl 
isothiocyanate (10 nmol/1) without metabolic activation (Kasamaki et al., 1982; 
Kasamaki & Urasawa, 1985). In a study with higher concentrations (0.5-5 11g/ml), 
however, the number of chromosomal aberrations was only weakly increased in 
comparison with controls, with or without metabolic activation (Galloway et al., 1987). 
In another study, allyl isothiocyanate did not significantly increase the incidence of 
chromosomal aberrations in the absence of metabolic activation in Chinese hamster 
ovary cells at concentrations of 2.7-3.0 11g/ml, all of which were cytotoxic. In contrast, 
phenethyl isothiocyanate significantly increased the frequency of both chromosomal 
aberrations and sister chromatid exchanges in these cells at cytotoxic concentrations 
of 0.9 and 1.2 11g/ml, without metabolic activation (Musk et al., 1995). 

SV40-transformed Indian muntjac cells were incubated with up to 0.811g/ml 
allyl isothiocyanate, up to 0.88 11g/ml benzyl isothiocyanate or up to 1.32 11g/ml 
phenethyl isothiocyanate for 24 h and examined for chromosomal aberrations. All 
three isothiocyanates were markedly cytotoxic and significantly reduced clonal 
survival. At the highest concentrations tested, the mitotic indices were reduced by 
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approximately 75%. Allyl isothiocyanate did not induce aberrations, whereas benzyl 
isothiocyanate and phenethyl isothiocyanate induced significant, concentration
dependent increases in the numbers of chromatid gaps or breaks and rearrange
ments (Musk & Johnson, 1993). 

Allyl isothiocyanate did not induce unscheduled DNA synthesis in human 
Hela S3 cells (concentrations not specified). The authors noted, however, that while 
allyl isothiocyanate was not clastogenic it was significantly cytotoxic at concentrations 
at which other allylic compounds increased unscheduled DNA synthesis (Schiffman 
et al., 1983). Incubation of up to 5 1-1g/ml of phenethyl isothiocyanate (Kassie & 
Knasmuller, 2000) or 4 1-1g/ml of benzyl isothiocyanate (Kassie et al., 1999) with 
human Hep G2 cells significantly increased the number of micronuclei, with reduced 
cell viability at all concentrations. Phenethyl isothiocyanate had the strongest effect, 
as reflected by a threefold increase in micronucleus frequency at 3 1-1g/ml. 
Concentrations up to 5 1-1g/ml of allyl isothiocyanate only weakly increased the 
incidence of micronuclei in comparison with the effect of phenethyl isothiocyanate. 

In vivo 

A low but statistically significant increase in the number of sex-linked recessive 
lethal mutations was observed in male Drosophila melanogasterexposed to a spray 
of 'pure' allyl isothiocyanate (No. 1560) at 1 0-s intervals during an 8-9-min exposure 
(specific dose not reported) in comparison with controls (Auerbach & Robson, 1947). 
In several other assays, allyl isothiocyanate did not increase the frequency of sex
linked recessive lethal mutation in male Drosophila given concentrations up to 
650 ppm in feeding trials (Auerbach & Robson, 1947; Zimmering et al., 1989) or 
given the compound by injection at a concentration of 700 ppm (Valencia et al., 
1985). Furthermore, allyl isothiocyanate did not increase the number of chromosome 
breaks in first-generation female Drosophila flies obtained after mating males treated 
with the allyl isothiocyanate spray with untreated females (Auerbach & Robson, 
1947). 

In a host-mediated assay for differential DNA repair in vivo, groups of six 
male Swiss albino mice were injected with 4-8 x 109 viable cells of a mixture of E. 
coli strains 343/753 (uvrB/recA!Lac+) and 343/765 (uvr+/rec+/Lac-), differing in DNA 
repair potential, into the lateral tail vein after a 24-h fast. Immediately after the injection, 
the mice were gavaged with 90 or 270 mg/kg bw of allyl isothiocyanate or phenethyl 
isothiocyanate and were killed 2 h later. The liver, lung, kidneys, stomach and colon 
were removed, homogenized and suspended in phosphate-buffered saline; the 
suspensions were incubated on neutral red agar plates for 12 h at 37 2C and kept at 
room temperature for an additional12 h. The survival rates of the two E. coli strains 
were counted. Phenethyl isothiocyanate did not change the survival rates of the 
indicator cells, whereas allyl isothiocyanate significantly decreased the relative 
survival rates of both strains in liver, lung and colon at the lower dose and in all 
organs at the higher dose in comparison with untreated controls (Kassie & Knasmuller, 
2000). 

In a similar host-mediated assay, in which male Swiss albino mice were 
given benzyl isothiocyanate at a dose of 30, 90 or 270 mg/kg bw by gavage after 
injection of a mixture of two E. coli strains (343/753 and 343/765), dose-dependent 
differential DNA damage was reported in the repair-deficient strain at the two higher 
doses (Kassie et al., 1999). 
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The clastogenicity of allyl isothiocyanate was evaluated in assays for 
micronucleus formation in mouse and rat bone marrow. Allyl isothiocyanate adminis
tered to male B6C3F1 mice at a dose of 37.5, 75 or 150 mg/kg bw per day by 
intraperitoneal injection for 3 days did not significantly increase the number of 
micronuclei in bone-marrow cells sampled 24 h after the last treatment over the 
number in controls (Shelby et al., 1993). Similarly, the percentages of polychromatic 
erythrocytes and erythrocytes with micronuclei in the femoral marrow of male outbred 
(Shoe:WIST) rats were not affected by gavage with 0, 10, 20 or 40 mg/kg bw per 
day allyl isothiocyanate for 6 weeks (Lewerenz et al., 1988a). 

In groups of four male Hsd/Oia Sprague-Dawley rats, allyl isothiocyanate, 
administered once by gavage at a dose of 37.5 or 125 mg/kg bw, did not induce 
unscheduled DNA synthesis in hepatocytes (examined by autoradiography) 2 and 
14 h after treatment. Although a significant increase in gross nuclear and cytoplasmic 
grain counts was observed at the higher dose at the later sampling time, this was 
not considered to be unscheduled DNA synthesis as there was no increased net 
nuclear grain count (Bechtel et al., 1998). 

In an assay for dominant lethal mutation, allyl isothiocyanate administered 
as a single intraperitoneal injection at a dose of 3.8 or 19 mg/kg bw to male ICR/Ha 
Swiss mice did not increase the incidence of early fetal deaths or pre-implantation 
losses above control limits in females mated with the treated males over a period of 
8 weeks (Epstein et al., 1972). 

As part of a study designed to examine the effect of benzyl isothiocyanate 
on unscheduled and replicative DNA synthesis induced by exposure to known 
carcinogens, groups of young male Fisc her 344 rats were fed benzyl isothiocyanate 
in the diet at a concentration of 0 or 400 ppm for 1 week. This dietary level was 
calculated to provide an average daily intake of about 40 mg/kg bw (Food & Drug 
Administration, 1993). In addition to the four groups of rats exposed to the known 
carcinogens, a fifth group received the vehicle, dimethyl sulfoxide, as a control. The 
animals were killed, and hepatocytes were isolated and examined for unscheduled 
and replicative DNA synthesis at the end of treatment. Generally, dietary benzyl 
isothiocyanate significantly reduced the occurrence of unscheduled DNA synthesis 
in hepatocytes treated with three of the carcinogens in comparison with carcinogen
treated cells obtained from rats on basal diet. In solvent-treated control cells, no 
effect on unscheduled DNA synthesis was observed in hepatocytes obtained from 
benzyl isothiocyanate-treated animals. Furthermore, in comparison with hepatocytes 
obtained from controls on basal diet, dietary benzyl isothiocyanate reduced the levels 
of replicative DNA synthesis in carcinogen- and solvent control-treated cells (Sugie 
et al., 1993). 

In male Swiss albino mice given phenethyl isothiocyanate (No. 1563) by 
gavage at a dose of 1 j..lmol/kg bw per day (about 0.16 mg/kg bw per day) for 7 days, 
the number of chromosomal aberrations in bone-marrow cells of treated mice was 
comparable to that in controls (Sen et al., 1996). 

Conclusion 

In S. typhimurium strain TA 100 in the absence of metabolic activation, both 
positive and negative results were reported with allyl isothiocyanante, usually at or 
near cytotoxic concentrations. In the presence of metabolic activation, however, 
except in one study (Neudecker & Henschler, 1985), the results were consistently 
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negative, even in a modified Ames assay with an extended pre-incubation period. In 
the absence of metabolic activation, benzyl isothiocyanate, butyl isothiocyanate and 
phenethyl isothiocyanate were also mutagenic in S. typhimurium TA 1 00; with 
metabolic activation, however, neither benzyl isothiocyanate nor phenethyl isothio
cyanate was active (butyl isothiocyanate was not tested). Likewise, in S. typhimurium 
TA98, positive results were observed with allyl isothicyanante and benzyl 
isothiocyanate only in the absence of metabolic activation. No mutagenicity was 
observed in a variety of other tester strains (TA97, TA 102, TA 1535, TA 1536, TA 1537 
and TA 1538) with and without metabolic activation. Similarly, in E. coli, the isothio
cyanates induced DNA repair only in the absence of S9. 

Although allyl isothiocyanate induced forward mutation in L5178Y tk+/tk
mouse lymphoma cells without metabolic activation in two trials, the effects were 
accompanied by relatively high levels of toxicity, and allyl isothiocyanate was lethal 
at the highest concentrations tested in each trial, 1.0 and 1.6 1-1g/ml. 

Equivocal evidence for sister chromatid exchange, chromosomal aberrations 
and micronuclei was found in assays in eukaryotic test systems, including human 
cells, in vitro with and without metabolic activation. The conditions used in most of 
these studies provided the opportunity for either direct interaction of the 
isothiocyanates with DNA or indirect formation of DNA adducts due to oxidative 
stress and subsequent cytotoxicity. On the basis of the metabolism of isothiocyanates, 
high concentrations of isothiocyanates in vitro are anticipated to deplete GSH levels, 
leading to the release of nucleocytolytic enzymes that induce DNA fragmentation, 
cellular damage and apoptosis. 

In the late 1980s, researchers began studying the test conditions (e.g. 
osmalitiy, ionic strength, low pH) that could increase the frequency of chromosomal 
aberrations and micronuclei in the absence of any direct effect on DNA (Zajac-Kaye 
& Ts'o, 1984; Brusick, 1986; Bradley et al., 1987; Galloway et al. 1987; Seeberg et 
al., 1988; Morita et al., 1989; Scott et al., 1991 ). More recent research indicates that 
extreme culture conditions (hypo- and hyper-osmolality and high pH) induce apoptosis 
and necrosis, leading to DNA fragmentation, thus producing false-positive responses 
in assays for clastogenicity (Meintieres & Marzin, 2004). 

Apoptosis is a type of cell death that occurs under physiological conditions 
or external stimuli, such as DNA-damaging agents, growth factor deprivation or 
receptor triggering. The mechanism of formation of apoptotic cells includes activation 
of cysteine proteases (caspases), leading to increased mitochondrial permeability, 
release of cytochrome c, DNA cleavage and redistribution of phosphatidyl serine by 
the outer layers of the cell membrane, which enhances binding of cells to phagocytes. 
DNA cleavage, due to irreversible activation of endonucleases, is followed by 
chromatin condensation and oligonucleosomal fragmentation resulting from double
strand cleavage of DNA in nucleosomal linker regions (Saraste & Pulkki, 2000). 
During chromatin condensation, the nucleus can split into a number of dense 
micronuclei. Fragmented DNA and chromatin condensation due to apoptotic events 
are not easily distinguished from a direct action of a specific chemical. Therefore, 
evidence for micronucleus formation and chromosomal aberrations must be 
evaluated in the context of the potential for apoptosis to occur under the test 
conditions. 

In vivo, allyl isothiocyanate and benzyl isothiocyanate gave positive results 
in E. coli in a host-mediated assay for DNA repair in mice, whereas phenethyl 
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isothiocyanate did not. In Drosophila, allyl isothiocyanate gave predominantly results 
for the induction of sex-linked recessive lethal mutations and chromosomal breaks. 
Furthermore, in studies with allyl isothiocyanate, benzyl isothiocyanate and phenethyl 
isothiocyanate, consistently negative results for micronucleus formation, unscheduled 
DNA synthesis, replicative DNA synthesis and chromosomal aberrations were found 
in mice and rats after oral administration (diet or gavage) at doses up to 150 mg/kg 
bw per day for up to 6 weeks. 

Overall, the results of the tests for genotoxicity in vitro were mixed, but the 
results of 8 of 10 studies in vivo were negative. 

(f) Other relevant studies 

Developmental and reproductive toxicity 

Allyl isothiocyanate (No. 1560) 

In a study of the teratogenic potential of 16 compounds, groups of 5-1 0 
pregnant Wistar rats were given a single oral dose of 60 mg/kg bw of allyl isothio
cyanate by stomach tube on day 12 or 13 of gestation. Control dams received an 
equivalent volume of vehicle (5 ml/kg). On day 22 of gestation, the dams were 
killed, and individual litter weight, litter size and numbers of deciduomas and corpora 
lutea were determined. Fetal anomalies were recorded during skeletal and visceral 
examinations. Allyl isothiocyanate was among 15 compounds that were not 
teratogenic at doses that were well tolerated by the dams. All the observed fetal 
anomalies, such as non-fusion of the fifth sternebra, wavy ribs, retarded ossification 
and a fourteenth rib, were considered by the study authors to be minor. In an attempt 
to elicit a teratogenic response, allyl isothiocyanate was administered to pregnant 
rats at a dose of 120 mg/kg bw, which resulted in the deaths of some dams (Ruddick 
et al., 1976). 

Benzyl isothiocyanate (No. 1562) 

To examine the effect of pre- and post-implantation exposure to benzyl 
isothiocyanate on pregnancy outcomes, groups of seven or eight pregnant Sprague
Dawley rats were given 0 (vehicle control}, 12.5, 25 or 50 mg/kg bw per day of 
benzyl isothiocyanate by gavage on days 1-5 or 7-13 of gestation. The dams were 
observed for vaginal bleeding and signs of clinical toxicity. Body weights were 
recorded on days 1 , 5, 1 0 and 16 of gestation for rats treated before implantation 
{days 1-5) and on days 7, 11, 15 and 20 of gestation for rats treated after implantation 
{days 7-13}. Rats treated before implantation were killed on day 16 of gestation, 
and those treated after implantation were killed on day 20 of gestation. At necropsy, 
the numbers of implantation sites, viable fetuses and fetal resorptions and the weights 
of viable fetuses and their placentas and of maternal liver, kidney and spleen were 
recorded. The fetuses were examined for external malformations. Clinical signs of 
toxicity, including hypoactivity, lethargy, ruffled fur, perinasal staining, piloerection 
and hunched posture, were observed in all treated rats. A dose-dependent decrease 
in maternal body weights was seen during both treatment periods, although this 
finding was not statistically significant. Food consumption was not measured in this 
study, but reduced food intake might have contributed to this effect. In both groups, 
the relative weights of the maternal liver, kidney and spleen were comparable for 
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treated and control dams. No vaginal bleeding was observed, but two dams treated 
before implantation and one treated after implantation died immediately after 
treatment at the highest dose. An increased number of fetal resorptions was found 
in rats treated before and after implantation. Although these findings were not 
statistically significant, the increase in rats treated before implantation was dose
dependent. There was no significant difference in the number of implantation sites 
in treated animals and controls, and no toxicologically important observations were 
made in fetuses during external examinations. The weights of fetuses of rats treated 
after implantation at the two higher doses were significantly lower than those of 
controls, and the placental weights of all rats treated after implantation were 
significantly lower than those of controls. This finding could not be related to the 
number of fetuses, as the numbers of viable fetuses in treated and control dams 
were not significantly different. The authors concluded that benzyl isothiocyanate 
did not cause significant pre- or post-implantation fetal loss in pregnant rats. lt induced 
low fetal and placental weights in animals treated after implantation but at doses 
that were toxic to the dams (Adebiyi et al., 2004). 

Thyroid toxicity 

Groups of six male Wistar rats were given 2.5 or 5.0 mg of allyl isothiocyanate 
in 3 ml distilled water by stomach tube for 60 days, resulting in doses (on the basis 
of final body weights) equivalent to 8.4 and 17.0 mg/kg bw per day, respectively. 
The doses were selcted on the basis of the authors' estimate of equivalence to the 
amount of total mustard oils contained in 40 g of cabbage, the approximate amount 
consumed daily by rats. Five control animals received 3 ml distilled water under the 
same conditions. Thyroid weights were significantly increased (p < 0.05) in rats 
receiving the higher dose. An increase in thyroid weight was also seen in rats receiving 
the lower dose, but the increase was not statistically significant. The absolute and 
relative total iodine contents of the thyroid were not significantly altered by treatment. 
Serum protein-bound iodine was significantly reduced in rats receiving the lower 
dose (p < 0.02) or the higher dose (p < 0.01) in comparison with controls (Langer & 
Stole, 1965). 

Groups of three or four male Wistar rats (weighing 200 g) received 2 or 4 mg 
of allyl isothiocyanate in 2 ml distilled water by stomach tube, equivalent to 10 and 
20 mg/kg bw, respectively. Control animals received 2 ml distilled water only. One 
hour after administration, each rat was injected intraperitoneally with carrier-free 
131 1 (0.5 ~Ci), and the rats were killed 2 or 4 h later. The thyroids were dissected, and 
the radioactivity they contained was measured with a scintillation counter to quantify 
radioiodine uptake. Uptake was significantly depressed in rats treated with the lower 
(p < 0.05) or the higher dose (p < 0.01) when compared with control. The author 
suggested that the antithyroid effect of allyl isothiocyanate is due to formation of 
thiohydantoin derivatives in vivo by a chemical reaction of allyl isothiocyanate with 
amino acids and peptides. This reaction would initially form thiocarbamyl derivatives, 
which would subsequently yield thiohydantoin derivatives by spontaneous cyclization 
(see Figure 3). Several thiohydantoin derivatives have been shown to have antithyroid 
activity (Langer, 1964). 

In another study on the goitrogenic effects of allyl isothiocyanate, male Wistar 
rats (weighing 110-130 g) received 2 or 6 mg of allyl isothiocyanate (equivalent to 
18.2 and 55.0 mg/kg bw per day, respectively) in 3 ml distilled water by stomach 
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Figure 3. Possible mechanism for isothiocyanate-induced antithyroidal activity 
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tube for 50 or 20 days, respectively. Control animals received 3 ml distilled water. All 
rats were maintained on a low-iodine diet supplemented with carrots. The thyroid 
weights and total thyroid iodine in the group of rats receiving 55.0 mg/kg bw per day 
for 20 days were significantly higher than control values (p < 0.05). The radioactivity 
level in the thyroid was higher than in controls, but this finding was not statistically 
significant. Serum protein-bound iodine also did not differ significantly from the control 
value. In rats receiving the lower dose for 50 days, the thyroid weight and iodine 
level were not significantly different from those of control animals (Langer, 1964). 
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1. EVALUATION 

1. 1 Introduction 

The Committee evaluated a group of nine epoxide flavouring agents, 
including ethyl methylphenylglycidate (No. 1577) (Table 1 ). The evaluations were 
conducted according to the Procedure for the Safety Evaluation of Flavouring Agents 
(see Figure 1, p. 170). The Committee previously evaluated two members of the 
group: ethyl3-phenylglycidate (No. 1576) was evaluated at the twenty-fifth meeting 
(Annex 1, reference 56), when no ADI was assigned; ethyl methylphenyl-glycidate 
(No. 1577) was evaluated at the twenty-eighth meeting, when an ADI of 0-0.5 mg/ 
kg bw was assigned (Annex 1, reference 66). 

Five of the nine flavouring agents (Nos 1570-1572, 157 4 and 1575) 
have been reported to occur naturally in fruits (e.g. citrus fruit, currants, mango 



Table 1. Summary of results of safety evaluations of epoxides used or proposed for use as flavouring agents 

Flavouring agent 

Structural class Ill 

4,5-Epoxy-(E)-2-decenal 

J3-lonone epoxide 

trans-Carvone-5,6-oxide 

Epoxyoxophorone 

No. CAS no. and 
structure 

StepA3• 
Does intake 
exceed the 
threshold for 
human intake? 

1570 188590-62-7 No 
0 Europe: 0.1 b 

~0 USA,0.2' 

H 
1571 23267-57-4 

~ 
1572 18383-49-8 

~0 
1573 38284-11-6 

0 

aQ-
o 

No 
Europe: 0.09b 
USA:0.1b 

No 
Europe: 0.01 
USA: 0.2 

No 
Europe: 0.1 b 
USA: 0.2b 

StepA4 
Is the agent or are 
its metabolites 
endogenous? 

NR 

NR 

NR 

NR 

Step AS 
Adequate NOEL 
for substance or 
related substance? 

NR 

NR 

NR 

NR 

Comments Conclusion based 
on estimated daily 
intake 

See note 1 No safety concern 
(conditional) 

See note 1 No safety concern 
(conditional) 

See note 1 No safety concern 

See note 1 No safety concern 
(conditional) 



Table 1 (contd) ~ 
Flavouring agent No. CAS no. and Step A3• Step A4 StepA5 Comments Conclusion based ~ 

6 structure Does intake Is the agent or are Adequate NOEL on estimated daily m exceed the its metabolites for substance or intake 
threshold for endogenous? related substance? 
human intake? 

Piperitenone oxide 1574 35178-55-3 No NR NR See note 1 No safety concern 

oY 
Europe: 0.01 
USA: 0.2 

p 
~-Caryophyllene oxide 1575 1139-30-6 No NR NR See note 1 No safety concern vo Europe: 0.01 

USA: 0.1 

Ethyl 3-phenylglycidate 1576 121-39-1 Yes No Yes. The NOEL for the See note 2 No safety concern 
Europe: 114 related compound, 

0 USA: 96 ethyl methyl phenyl 

~0~ glycidate, is 35 mg/kg 

0 
bw per day (Dunnington 
et al., 1981 ), which is 
> 17 000 times the 
estimated daily intake 
of ethyl 3-phenyl-
glycidate of 2 J.Lg/kg bw 
in Europe and the USA 

~ when used as a ..... 
flavouring agent. 



Table 1 (contd) 

Flavouring agent No. CAS no. and StepA3• StepA4 Step AS Comments Conclusion based 
structure Does intake Is the agent or are Adequate NOEL on estimated daily 

exceed the its metabolites for substance or intake 
threshold for endogenous? related substance? 
human intake? 

Ethyl methylphenyl- 1577 77-83-8 Yes No Yes. The NOEL is 35 See note 3 An ADI of 0-0.5 
glycidate 6YJ Europe: 240 mg/kg bw per day mg/kg bw was 

USA: 1840 (Dunnington et al., established for 
1981), which is> 8000 ethyl methylphenyl-
and > 1000 times the glycidate by the 

I estimated daily intakes Committee at its 
~ of 4 J.!g/kg bw in Europe 28th meeting (Annex 

and 31 J.!g/kg bw in the 1, reference 66), 
USA from use as a which was 
flavouring agent. maintained at the 

present meeting. 

Ethyl methyl-para- 1578 74367-97-8 No NR NR See note 4 No safety concern 
tolylglycidate 

~0-/ 
Europe: 23 
USA: 0.009 

CAS, Chemical Abstracts Service; NO, 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. 
Step 1: All the agents in this group are in structural class Ill (Cramer et al., 1978). 
Step 2: All the agents in this group are expected to be metabolized to innocuous products. 

1\) 

~ 
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Table 1 (contd) 

• The threshold for human intake for structural class Ill is 90 J.tg/day. All intake values are 
expressed in J.tg/day. The combined per capita intakes of flavouring agents in structural 
class Ill are 377 llg per day in Europe and 1937J.tg per day in the USA. 

b Intake estimate based on anticipated annual volume of production 

Notes: 
1. Epoxide hydrolysed via epoxide hydrolase to form vicinal diol, which forms glucuronic 

acid conjugate and is eliminated in the urine,or the epoxide is directly conjugated with 
glutathione by glutathione transferase and is eliminated in the urine. 

2. The ester group is hydrolysed by carboxyl esterases followed by loss of carbon dioxide 
and rearrangement to phenacetaldehyde. 

3. The ester group is hydrolysed by carboxyl esterases followed by loss of carbon dioxide 
and rearrangement to 2-phenylpropanal. 

4. The ester group is hydrolysed by carboxyl esterases followed by loss of carbon dioxide 
and rearrangement to para-methyl-2-phenylpropanal. 

and guava), beverages (beer) and a wide variety of spices and essential oils (e.g. 
scotch spearmint oil, celery seed, cinnamon bark and leaf oil, clove stem oil, ginger, 
peppermint oil, cornmint oil, pepper, thyme, hop oil, calamus, basil, rosemary, lemon 
balm, sage, pimento leaf, winter savoury, angelica seed oil, German camomile oil 
and mastic gum oil) (Guth & Grosch, 1990, 1993; Gassenmeier & Schieberle, 
1994; Kerler & Grosch, 1997; Buttery & Ling, 1998; Reiners & Grosch, 1998; 
Buettner & Schieberle, 2001; Nijssen et al., 2003). 

1.2 Estimated daily per capita exposure 

Annual volumes of production have been reported for six of the nine 
flavouring agents in this group (Nos 1572 and 157 4-1578). For the remaining 
three substances (1570, 1571 and 1573), anticipated annual volumes of production 
were given for their proposed use as flavouring agents. The total reported and 
anticipated annual volume of production of the nine epoxides is about 2600 kg in 
Europe (International Organization of the Flavor Industry, 1995) and 14 800 kg in 
the USA (National Academy of Sciences, 1970, 1987; Flavor and Extract Manufac
turers Association, 1992; Lucas et al., 1999). About 95% of the total annual reported 
and anticipated volume in Europe and about 99% of that in the USA are accounted 
for by ethyl methylphenylglycidate (No. 1577) and ethyl 3-phenylglycidate (No. 
1576). The estimated per capita exposure to ethyl methylphenylglycidate is 
240 J.lg/day in Europe and 1840 J.lg/day in the USA, and that to ethyl 3-
phenylglycidate is 114 and 96 J.lglday, respectively. The estimated exposure to all 
the other agents in the group, with very low reported or anticipated annual volumes 
of production, is 0.01-23 J.lg/day in Europe and 0.009-0.2 J.lg/day in the USA 
(National Academy of Sciences, 1970, 1987; Flavor and Extract Manufacturers 
Association, 1992; International Organization of the Flavor Industry, 1995; Lucas 
et al., 1999). The estimated daily per capita exposure to each agent is reported in 
Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

Epoxides are characterized by an oxygen-containing three-membered ring. 
The inherent strain and polarity of the C-0 bond in the epoxide ring are factors 
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Table 2. Annual volumes of production of epoxides used or proposed for use as 
flavouring agents in Europe and the USA 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual jlg/day 11g/kg bw foods (kg)c 
volume (kg) per day 

4,5-Epoxy-(E)-2-decenal (No. 1570) 
Europe• 1 0.1 0.002 
USA"·' 1 0.2 0.003 + NA 

~-lonone epoxide (No .. 1571) 
Europe• 0.6 000 0.001 
USA" 0.6 0.1 0.002 + NA 

trans-Carvone-5,6-oxide (No. 1572) 
Europe• 0.1 000 0.0002 
USAh 1 0.2 0.003 + NA 

Epoxyoxophorone (No. 1573) 
Europe• 1 0.1 0.002 
USA• 1 0.2 0.003 NA 

Piperitenone oxide (No. 1574) 
Europe• 0.1 000 0.0002 
USA9 1 0.2 0.003 + NA 

~-Caryophyllene oxide (No. 1575) 
Europe• 0.1 000 0.0002 
USA 0.9 0.1 0.002 488 542 

Ethyl 3-phenylglycidate (No. 1576) 
Europe 799 114 2 
USA 730 96 2 NA 

Ethyl methylphenylglycidate (No. 1577) 
Europe 1 682 240 4 
USA 13 971 1 840 31 NA 

Ethyl methyl-para-tolylglycidate (No. 1578) 
Europe 158 23 0.4 
USA9 0.05 0.009 0.0001 NA 

Total 
Europe 2 642 
USA 14 779 

NA, not available; NO, 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 
• From International Organization of the Flavour Industry (1995) and Lucas et al. (1999) or 

National Academy of Sciences (1970, 1987) 
b Intake (llg/person per day) calculated as follows: 

[[(annual volume, kg) x (1 x 109 llg/kg)]/[population x survey correction factor x 365 days]], 
where population (1 0%, 'eaters only') = 32 x 106 for Europe and 26 x 106 for the USA; 
where correction factor= 0.6 for Europe, US National Academy of Sciences surveys, 
anticipated annual volumes, and annual volume cited by the Flavor and Extract 
Manufacturers Association of the United States and 0.8 for the Lucas et al. USA survey 
representing the assumption that only 60% and 80% of the annual flavour volume, 
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Table 2 (contd) 

respectively, was reported in the poundage surveys (National Academy of Sciences, 1970, 
1987; International Organization of the Flavor Industry, 1995; Lucas et al., 1999) or in the 
anticipated annual volume. 
Intake (llglkg bw per day) calculated as follows: 
[(llg/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 and Grundschober (1987) 
d The consumption ratio is calculated as follows: 

(annual consumption via food, kg)/(most recent reported volume as a flavouring 
substance, kg) 

• The volume cited is the 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. 

1 Natural occurrence data reported (Guth & Grosch, 1990; Buttery & Ling, 1993; Guth & 
Grosch, 1993; Gassenmeier & Schieberle, 1994; Kerler & Grosch, 1997; Buttery & Ling, 
1998; Reiners & Grosch, 1998; Buettner & Schieberle, 2001 ). 

9 Annual volume reported in previous surveys in the USA (National Academy of Sciences, 
1970, 1987). 

h Annual volume cited by the Flavor and Extract Manufacturers Association (1992) 

that promote its cleavage in the presence of suitable nucleophiles. They undergo 
chemical hydrolysis in gastrointestinal fluids. In vivo, epoxide hydrolase, which 
has been identified in the cytosol (Gill et al., 1974), endoplasmic reticulum 
(microsomes), mitochondria (Oesch et al., 1970) and nuclei (Bresnick et al., 1977) 
of liver and to some extent kidney cells, catalyses epoxide ring cleavage by water 
to yield vicinal trans-diols. The diols are then excreted primarily in the urine 
unchanged or as glucuronic acid or sulfate conjugates. Alternatively, epoxides can 
be conjugated with glutathione (GSH), mediated by glutathione S-transferase 
(GST), to yield the corresponding mercapturic acid conjugates, which also are 
excreted in the urine. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported 
and an anticipated volume of production were given, the Committee based its 
evaluation on the reported volume of production if the exposure estimated from it 
exceeded the exposure estimated from the anticipated volume of production and 
applied no conditions to its decision on safety. If the exposure estimated from the 
anticipated volume of production exceeded the exposure estimated from the 
reported volume of production, the Committee based its evaluation on the antici
pated volume of production but considered its decision on safety to be 'conditional', 
pending receipt of information on use levels or poundage data by December 2007. 
In applying the Procedure to flavouring agents for which only anticipated volumes 
of production were given, the decision was likewise made conditional. 

Step 1. In applying the Procedure, the Committee assigned all nine flavouring 
agents (Nos 1570-1578) to structural class Ill (Cramer et al., 1978). 
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Step 2. All the flavouring agents in this group can be predicted to be metabolized 
to innocuous products. The evaluation of all the agents in this group 
therefore proceeded via the A-side of the Procedure. 

Step A3. The estimated daily exposure to seven of the nine flavouring agents 
(Nos 1570-1575 and 1578) is below the threshold of concern for 
structural class Ill (90 mg per day). One substance (No. 1578) is reported 
to be used as a flavouring agent in Europe and the USA, and three 
others (Nos 1572, 157 4 and 1575) are reported to be used in one region 
only. The remaining three substances (Nos 1570, 1571 and 1573) are 
only proposed for use as flavouring agents. According to the Procedure, 
the use of these seven flavouring agents and the estimated exposure 
raise no safety concern; however, less uncertain exposure estimates 
are needed for those flavouring agents for which only anticipated volume 
data were available (Nos 1570, 1571 and 1573). 

The estimated daily per capita exposure to the remaining two substances, 
ethyl 3-phenylglycidate (No. 1576) and ethyl methylphenylglycidate (No. 
1577), for which annual volumes of production were reported, exceed 
the threshold of concern for structural class Ill (90 mg per day). The per 
capita exposure to ethyl 3-phenylglycidate (No. 1576) is 114 !lg/day in 
Europe and 96 !lg/day in the USA, and that of ethyl methylphenyl
glycidate (No. 1577) is 240 !lg/day in Europe and 1840 !lgl day in the 
USA. Accordingly, the evaluation of these agents proceeded to step A4 
of the Procedure. 

Step A4. These two agents and their metabolites are not endogenous. Accordingly, 
the evaluation of this agent proceeded to step A5. 

Step A5. At its twenty-eighth meeting, the Committee established an ADI of 0-
0.5 mg/kg bw for ethyl methylphenylglycidate on the basis of the results 
of a long-term study (Dunnington, 1981), in which the NOEL was 
35 mg/kg bw per day. This NOEL is more than 8000 times the estimated 
daily intake of 4 !lg/kg bw in Europe and more than 1000 times that of 
31 !lg/kg bw in the USA. This NOEL is more than 17 000 times the 
estimated intake of the related substance, ethyl 3-phenylglycidate, from 
its use as a flavouring agent in Europe and in the USA (both 2 mg/kg bw 
per day). The Committee therefore concluded that these flavouring 
agents would not present a safety concern at the estimated daily intakes. 

The intake considerations and other information used to evaluate the nine 
epoxides according to the procedure are summarized in Table 1. 

1.5 Consideration of secondary components 

One member of this group of flavouring agents, 4,5-epoxy-(E)-2-decenal 
(No. 1570), has an assay value of < 95%. The secondary component, 4-5-epoxy
(Z)-2-decenal, is expected to have the same metabolic fate as the E isomer. lt was 
therefore considered not to present a safety concern at the estimated levels of 
intake. 
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1.6 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all nine flavouring agents in this group were to be 
consumed concurrently on a daily basis, the estimated combined exposure would 
exceed the human exposure threshold for class Ill (90 J..lg per person per day); 
however, all nine agents are expected to be efficiently metabolized at the exposure 
levels estimated from their use as flavouring agents. Specifically, epoxides primarily 
undergo epoxide hydrolase-catalysed ring cleavage, resulting in the production of 
vicinal trans-diols, which are subsequently excreted predominantly in the urine 
unchanged or as glucuronic acid or sulfate conjugates. In an alternative pathway 
of metabolism, epoxides can undergo conjugation with GSH to yield the corres
ponding mercapturic acid conjugates, which are also excreted in urine. Theoretically, 
therefore, simultaneous consumption of the epoxides (especially trans-epoxides) 
at sufficiently high concentrations could result in depletion of GSH; however, under 
normal conditions, intracellular GSH concentrations (1-10 mmol/1) (Armstrong, 
1987, 1991) can be replenished and are sufficient to detoxify the concentrations of 
epoxides resulting from their use as flavouring agents. Moreover, additional cyto
protection is provided by the hydrolytic activity of epoxide hydrolase. Therefore, at 
the exposure levels resulting from use of the nine epoxides evaluated in this group 
as flavouring agents and due to the constant replenishment of GSH by biosynthesis, 
combined exposure to these flavouring agents would not present a safety concern. 

1.7 Conclusions 

The Committee maintained the previously established ADI of 0-0.5 mg/kg 
bw for ethyl methylphenylglycidate (No. 1577). lt concluded that use of the flavouring 
agents in this group of epoxides would not present a safety concern at the estimated 
intakes. For three flavouring agents (Nos 1570, 1571 and 1573), the evaluation 
was made conditional because the estimated daily intakes were based on 
anticipated annual volumes of production. The conclusions of the safety evaluations 
of these three agents will be revoked if use levels or poundage data are not provided 
by December 2007. The Committee noted that the available data on the toxicity 
and metabolism of these epoxides are consistent with the safety evaluation made 
with the procedure. 

2. RELEVANT BACKGROUND INFORMATION 

2. 1 Explanation 

The relevant background information summarizes the key scientific data 
applicable to the safety evaluation of nine epoxide flavouring agents. 

2.2 Additional considerations on intake 

Quantitative data on natural occurrence and a consumption ratio have been 
reported for ~-caryophyllene epoxide (No. 1575), which show that it is consumed 
predominantly from traditional foods (i.e., consumption ratio > 1) (Stofberg & 
Kirschman, 1985; Stofberg & Grundschober, 1987). 



298 EPOXIDES 

2.3 Biological data 

2.3. 1 Biochemical data 

(a) Hydrolysis 

The three phenylglycidate esters (Nos 1576, 1577 and 1578) are anticipated 
to undergo ester hydrolysis and ring-opening epoxide hydrolysis to varying degrees 
in gastric juice and intestinal fluid. Hydrolysis of phenylglycidate esters is mediated 
by classes of enzymes known as carboxylesterases, which occur in most tissues 
(Heymann, 1980; Anders, 1989) but predominate in the liver (Heymann, 1980). 
Ester hydrolysis yields the aliphatic alcohol and corresponding phenylglycidic acid. 
In a study of hydrolysis in vitro, the cis and trans isomers of ethyl methylphenyl
glycidate (No. 1577) and 'commercial' ethyl methylphenylglycidate (consisting of 
equal amounts of the two isomers) were each incubated with artificial gastric juice 
(pH, about 1.2). After 5 h, the percentage ester hydrolysis was 15% for cis-, 7.1 for 
trans- and 11.9% for commercial ethyl methylphenylglycidate. Incubation of the 
same materials for 5 h in artificial intestinal fluid (pH 7 .5) resulted in 17.7% ester 
hydrolysis for cis-, 6.6% for trans- and 14% for commercial material (Morgareidge, 
1962). In a follow-up study, hydrolysis of the ester group of ethyl3-phenylglycidate 
(No. 1576) was tested in rat liver homogenate. The percentage hydrolysis of 50, 
100 or 200 mg of ethyl 3-phenylglycidate was 32%, 48% and 56% at pH 7.5 and 
90%, 73% and 67% at pH 8.0, respectively (Morgareidge, 1963). 

In the acidic environment of the stomach, the epoxide functional group is 
itself susceptible to acid-catalysed hydrolytic ring opening, to yield the corresponding 
vicinal diol. As diols are more polar than the corresponding epoxides, hydrolysis in 
gastric fluid might be associated with decreased absorption of epoxides. 
Accordingly, oxirane ring (epoxide ring) breakdown was measured in artificial gastric 
juice. The cis isomer of ethyl methylphenylglycidate (No. 1577) resulted in about 
80% epoxide hydrolysis within the first hour, and this level remained constant up 
to 5 h. The trans isomer showed 76% epoxide hydrolysis at 5 h, and the commercial 
material showed 65% loss. When cis-, tran& and commercial ethyl methylphenyl
glycidate were incubated in artificial intestinal fluid for 5 h, 75%, 31% and 72% 
epoxide degradation was found, respectively. The observation of extensive 
enzymatic epoxide hydrolysis in gastric juice supports the conclusion that orally 
administered epoxides undergo ring-opening hydrolysis before absorption 
(Morgareidge, 1962). 

Cyclohexane oxide, a structurally related substance, was incubated in a 
series of aqueous solutions with pH ranging from 1 to 7, designed to replicate the 
acidic conditions of the stomach. After the 4-h incubation period, no intact cyclo
hexane oxide was detected in the acidic solutions (pH 1-3). Instead, cyclohexane 
oxide was completely converted to cyclohexane-1 ,2-diol. Cyclohexane oxide was 
determined to be most stable at pH 7. When incubated in plasma for 24 h, 
cyclohexane oxide was stable during the first 2 h; however, by 4 h, 80% had been 
hydrolysed to the diol, and within 8-12 h no detectable epoxide remained (Sauer 
et al., 1997). 

These results indicate that both the ester and epoxide functional groups 
are labile under the conditions present in the gastrointestinal tract. Hydrolysis of 
these functional groups yields polar metabolites (i.e. diols from epoxides and diol 
carboxylic acid derivatives from glycidate esters), which can be absorbed from the 
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gastrointestinal tract and are subsequently excreted either unchanged or in 
conjugated form. 

(b) Absorption, distribution and elimination 

In mice and rats, orally administered aliphatic epoxides are rapidly absorbed 
from the gastrointestinal tract and extensively metabolized to polar metabolites, 
which are conjugated and eliminated, primarily in the urine. 

Terpene epoxides: Cyclohexane oxide (related substance) 

Cyclohexane oxide, a structurally related compound, is rapidly absorbed, 
metabolized and excreted in the urine. Measurement of the volume of distribution 
showed limited distribution of cyclohexane oxide to body tissues. lt is presumably 
hydrolysed in the gastrointestinal tract to yield a diol, which is absorbed, conjugated 
in the liver and excreted, primarily in the urine. 

Male JVC Fischer 344 rats were given 50 mg/kg bw (120 11Cilml) of 14C
cyclohexane oxide by intravenous injection. Urine was collected 6, 12, 24 and 
48 h after injection, and faeces were collected at 24 and 48 h. Blood samples were 
taken from a jugular cannula at several times up to 24 h after administration. The 
24-h urine showed that > 70% of the radioactivity had been eliminated. A small 
amount(- 2.4%) of 14C-cyclohexane oxide was detected in faeces, and about 7% 
of the radiolabel was exhaled. At 24 h, little radioactivity (- 1.5%) was retained in 
the tissues. The initial (3 min) plasma concentration of 14C-cyclohexane oxide 
(- 200 11g/ml) declined to below the limit of detection (1 11g/ml) within 1 h. The 
disposition in plasma was characteristic of a linear two-compartment model, with 
initial and terminal disposition half-lives of 2.3 ± 0.6 min and 19.3 ± 1.6 min, 
respectively. The mean residence time was short (14.5 ± 0.5 min). The average 
apparent steady-state volume of distribution (0.44 ± 0.08 1/kg) and the systemic 
clearance (31.3 ± 0.5 1/kg-min) were indicative of rapid distribution and clearance 
of 14C-cyclohexane oxide (Sauer et al., 1997). 

Groups of four male JVC Fischer 344 rats and groups of four female B6C3F1 

mice were given 10 or 100 mg/kg bw of 14C-cyclohexane oxide (50 11Ci) by gavage. 
Urine was collected 6, 12, 24 and 48 h after administration, and faeces were 
collected at 24 and 48 h. Blood samples were collected from the rats through a 
jugular cannula at several times up to 48 h after dosing. Mice were killed at each 
time and blood was collected from the posterior vena cava. Most of the radiolabel 
was recovered in urine collected over 48 h from both species (76-93% for rats and 
74-82% for mice). The faeces of rats and mice contained 1.9-2.2% and 4.0-5.3% 
of the administered radiolabel, respectively. The amount of exhaled radioactivity 
was consistent with or below the background level (- 1.4%). No parent compound 
was detected in the plasma of either species during the sampling period. Plasma 
samples from rats had peak cyclohexane-1 ,2-diol concentrations of 24 11g/ml 6 h 
after the dose of 10 mg/kg bw and 3411g/ml1 h after the dose of 100 mg/kg bw. In 
mice, the peak plasma level of cyclohexane-1 ,2-diol (24.5 11g/ml) was attained 2 h 
after the higher dose. The diol was not detected in plasma samples obtained from 
mice given 1 0 mg/kg bw of 14C-cyclohexane oxide. Oxidation of the rat tissue 
samples showed that little (0. 7%) residual radioactivity was retained. The authors 
reported similar results for the mice, but no quantitative data were cited (Sauer et 
al., 1997). 
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(c) Metabolism 

Epoxides are three-membered rings containing an oxygen atom. The 
inherent ring strain and the polarity of the C-0 bond in the epoxide ring promote 
cleavage of the three-membered ring in the presence of suitable nucleophiles. In 
vivo, epoxide hydrolase, which has been identified in cytosol (Gill et al., 1974), 
endoplasmic reticulum (microsomes), mitochondria (Oesch et al., 1970) and nuclei 
(Bresnick et al., 1977) of liver and to a more limited extent kidney, catalyses epoxide 
ring cleavage by water to yield vicinal trans diols. Alternatively, GST present in the 
cytosol catalyses ring cleavage by GSH to yield trans-thioalcohol conjugates 
(Jakoby, 1978). 

In an evaluation of the potential effect of modulators of epoxide metabolism 
on the cytotoxicity of trans-anethole in isolated rat hepatocytes, hydrolysis of the 
trans-anethole epoxide (anethole 1 ,2-epoxide) was shown to be mediated primarily 
by cytosolic epoxide hydrolase, rather than by microsomal epoxide hydrolase, as 
inhibition of microsomal epoxide hydrolase failed to increase the cytotoxic effects 
of trans-anethole (Marshal! & Caldwell, 1992). Chemically induced depletion of 
GSH levels was also associated with an increase in trans-anethole-mediated 
cytotoxicity. In contrast to the relatively rapid increase in trans-anethole-induced 
cytotoxicity after inhibition of the cytosolic epoxide hydrolase, inhibition of de novo 
GSH synthesis was associated with a delayed increase in cytotoxicity, indicating 
that reaction of the trans-anethole epoxide with GSH is a slower pathway. This 
finding emphasizes the importance of the epoxide hydrolase detoxification pathway 
(Marshal! & Caldwell, 1992, 1996). 

The reaction of chiral or achiral epoxides with nucleophiles is associated 
with stereochemical consequences. If the epoxide ring contains one or two (e.g. 
cis and trans isomers of methyl 3-phenylglycidate; see below) chiral centres, ring
opening by water or GSH can lead to a mixture of enantiomers or diastereomers, 
respectively (Bruice et al., 1976). For instance, reaction of the achiral cyclohexene 
oxide with water yields racemic trans-1 ,2-cyclohexanediol. In some cases, 
enzymatic catalysis involves regio-selective ring-opening. The metabolism of cis
methyl 3-phenylglycidate with GSH involves a selective attack of GSH on the C2 
position (i.e. the carbon bearing the carboxy ester functional group) of methyl 3-
phenylglycidate. 

Epoxide hydrolase 

Epoxide hydrolase, as the name denotes, is responsible for the hydrolysis 
of epoxides and the resulting formation of the corresponding trans-1 ,2-diols. In a 
series of studies, 1-{ 4 '-ethylphenoxy)-3, 7 -dimethyl-6, 7 -epoxy- trans-2-octene and 
cis-epoxy-methyl stearate were used as substrates to determine the distribution of 
soluble (cytosolic) epoxide hydrolase activity in mammalian organs and tissues 
(Gill & Hammock, 1980). The epoxide hydrolase activity of the soluble and 
microsomal fractions in various organs of male Swiss-Webster mice and female 
New Zealand rabbits are shown in Table 3. 

Males of four strains of mice (Swiss-Webster, BALB, AKR and C5781) had 
similar cytosolic liver epoxide hydrolase activities (1200 ± 46, 1300 ± 490, 1700 ± 
270 and 1700 ± 140 pmol/min per mg protein). The epoxide hydrolase activity in 
the soluble fraction of liver was markedly lower in male Sprague-Dawley rats, 
however (40 ± 7.1 pmol/min per mg protein). The authors therefore not only 
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Table 3. Epoxide hydrolase activity of microsomal and soluble fractions from 
various organs of male Swiss-Webster mice and female New Zealand rabbits 

Organ Fraction Specific activity (pmol/min per mg protein) 

301 

Male Swiss-Webster mouse Female New Zealand rabbit 

Liver Microsomes 130 ±58 Not assayed 
Soluble 1200 ±350 1400 ± 270 

Kidney Microsomes 59 ±2.1 Not assayed 
Soluble 670 ±93 940 ± 140 

Lung Microsomes Not detectable Not assayed 
Soluble 77±26 120 ± 36 

Testes Microsomes Not detectable Not assayed 
Soluble 58 ±34 Not assayed 

Spleen Microsomes Not detectable Not assayed 
Soluble 12 ±9 46± 10 

Duodenum Microsomes Not assayed Not assayed 
Soluble Not assayed 310±150 

Colon Microsomes Not assayed Not assayed 
Soluble Not assayed 150 ± 6.3 

Muscle Microsomes Not assayed Not assayed 
Soluble Not assayed 250 ± 47 

From Gill and Hammock (1980); 1-(4'-ethylphenoxy)-3,7-dimethyl-6,7-epoxy-trans-2-octene 
was used as the substrate 

observed variation in the specific activity of the soluble cytosolic epoxide hydrolase 
between species but also found sex- and strain-specific differences (Gill & 
Hammock, 1980). 

Another important route of detoxication for epoxides is conjugation with 
GSH to yield mercapturic acid metabolites. Glycidic esters are a special class of 
epoxide, characterized by the presence of a strong electron-withdrawing alkoxy-

Figure 1. Structures and absolute configurations of optically active trans- and 
cis-methyl epoxycinnamate (3-phenyl-2,3-epoxypropanoate) and the urinary 
metabolites isolated from rats 
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carbonyl substituent. To investigate stereochemical effects associated with the 
metabolism of glycidate esters, racemic cis- or trans-methyl 3-phenylglycidate (i.e. 
3-phenyl-2,3-epoxypropanoate I and 11; see Figure 1) were administered intraperito
neally in propylene glycol to four adult male Wistar rats as a single dose of 
0. 7 m mol/kg bw (125 mg/kg bw). The first 24-h urine samples showed a significant 
increase in the amount of urinary thioether excretion (p < 0.05) expressed as SH 
equivalents. The racemic mixture obtained from the cis isomer caused a greater 
increase in SH equivalents (approximately 42 J..Lmol) than the trans mixture (24 J..Lmol) 
or the vehicle (16 J..Lmol). GSH depletion by each of the four epoxide isomers (11, Ill, 
IV and V) and the racemic mixtures (I and 11) was measured in rat liver homogenate 
(S9) at 37 QC and pH 7.4. The cis-epoxy esters were more efficient than the trans 
isomers in depleting GSH from the reaction mixture, compound V being the most 
active. In addition, the epoxy esters containing the R configuration at position 3 
were more effective in depleting GSH than were the three S stereoisomers. The 
depletion of the initial GSH amount was 19 ± 2%, 50 ± 2%, 26 ± 2%, 10 ± 4%, 
72 ± 3% and 41 ± 2% for compounds I, 11, Ill, IV, V and VI, respectively (Rietveld et 
al., 1988). 

In a longer evaluation, four adult male Wistar rats received intraperitoneal 
injections of 0.7 mmol/kg bw (125 mg/kg bw) of cis- (11) or trans-methyl 3-phenyl
glycidate (1), 5 days per week for 2 weeks. Urine was collected and the ether 
extracts pooled and analysed for the corresponding mercapturic acid derivatives. 
The cis- and trans-racemic mixtures and the mercapturic acid derivatives resulted 
from regiospecific opening of the epoxide ring at the a-carbon adjacent to the 
carboxylate group, with a preference for the R configuration at the 13-carbon. Some 
epoxides have been reported to be N-alkylating agents, which, at high cellular 
concentrations, can react with proteins or DNA. The N-alkylating potential of trans
and cis-3-phenylglycidate esters (I and 11, respectively) was investigated in vitro 
with 4-(para-nitrobenzyl)pyridine. The racemic trans-epoxy ester had greater alkyla
ting ability than the racemic cis-epoxy ester (Rietveld et al., 1988). 

The difference between the cis and trans isomers in alkylating activity is 
consistent with the greater mutagenic potential of the trans isomer (see below). 
These results are also consistent with the fact that the cis isomer is more readily 
detoxicated by GSH conjugation, leaving relatively higher concentrations of the 
trans isomer for N-alkylation reactions in vivo with nitrogen-containing substrates 
of low relative molecular mass, such as proteins and DNA. 

Terpene epoxides 

Studies on the metabolism and pharmacokinetics of the aliphatic epoxides 
indicate that these agents, like the glycidate esters discussed above, undergo 
detoxication by GSH conjugation mediated by GST or 1 ,2-diol formation mediated 
by epoxide hydrolase (see Figure 2). 

Caryophyllene oxide (No. 6) 

In six male rabbits given 12 g of caryophyllene-5,6-oxide in 0.02% Tween 
80 by gavage, about 60% of a total of 3.31 g of neutral metabolites eliminated in 
72-h urine was recovered as (1 OS)-(-)-14-hydroxycaryophyllene-5,6-oxide 
(Asakawa et al., 1981 , 1986). 
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Figure 2. Metabolic fate of cyclohexane oxide in rats and mice 
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* Metabolite found only in B6C3F, mice 

In a study of enzyme induction, 20 mg of caryophyllene oxide were 
administered to female NJ mice in cotton seed oil by gavage once every 2 days for 
6 days. Statistically significant increases in GST activity were seen in the liver and 
small bowel mucosa (2.13 ± 0.58 and 1.20 ± 0. 70 11mol/min per mg protein, 
respectively; 0.74 ± 0.18 and 0.25 ± 0.12 11mol/min per mg protein in vehicle 
controls). The forestomachs did not have more GST activity (0.59 ± 0.10 11mol/min 
per mg protein) than those of controls (0.62 ± 0.12 11mol/min per mg protein) (Zheng 
et al., 1992). 

Cyclohexane oxide (related substance) 

Cyclohexane oxide primarily undergoes hydrolysis at the low pH encoun
tered in the stomach of mice and rats to yield the trans-1 ,2-cyclohexanediol. After 
hydrolysis, the resulting cyclohexane-1 ,2-diol is absorbed and is conjugated with 
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glucuronic acid. Additionally, mice excrete the 1 ,2-diol unchanged or conjugated 
with sulfate (see Figure 2). To a lesser extent, cyclohexane oxide reacts with GSH 
and is excreted as the mercapturic acid conjugate in the urine. 

In a study to determine the ring carbon configuration (cis or trans) of a 
series of epoxide compounds in vitro, epoxides of cyclopentane, cyclohexane, 
cycloheptane, cyclooctane and cyclodecane formed the respective 1 ,2-diols by 
acid hydrolysis to varying degrees. In contrast, the cyclododecane epoxide was 
unreactive to acid hydrolysis. As cis-epoxides are hydrolysed more readily than 
trans-epoxides, all the epoxides tested, with the exception of cyclododecane 
epoxide, were in the cis configuration. When the same group of alicyclic epoxides 
was incubated with mouse liver microsomal epoxide hydrolase, hydration of the 
epoxide moieties was observed at low levels. Although hydrolase activity was 
reported to be very low with cyclopentane and cyclohexane epoxide, it increased 
with the size of the ring, such that maximal activity was obtained with cycloheptane 
epoxide (2.3 nmol/min per mg protein), declining somewhat with cyclooctane 
epoxide (1.0 nmol/min per mg protein). Mouse liver cytosolic (soluble) epoxide 
hydrolase showed the greatest activity for compounds containing a medium-sized 
ring, particularly cyclodecane epoxide (1.7 nmol/min per mg protein), and very low 
levels of activity or no activity for other epoxides (Magdalou & Hammock, 1988). 

In groups of three or four male Fischer 344 rats, administration of cyclo
hexane oxide by gavage (1 00 mg/kg bw) or intravenous injection (50 mg/kg bw) 
resulted in urinary excretion of 12.5% and 13.2% of the administered dose as 
trans-cyclohexane-1 ,2-diol, 39.6% and 27.2% as a glucuronic acid conjugate of 
trans-cyclohexane-1 ,2-diol and 18.5% and 21.9% of the administered dose as a 
mercapturic acid conjugate (N-acetyl- S-(2-hydroxycyclohexyi)-L-cysteine), 
respectively. In female 86C3F1 mice, the urinary metabolic profile after administra
tion of cyclohexane oxide (1 00 mg/kg bw) by gavage was similar to that in rats, 
except that a sulfate conjugate of trans-cyclohexane-1 ,2-diol was also identified 
(i.e. 8.2% cyclohexane-1 ,2-diol-0-sulfate, 8.5% cyclohexane-1 ,2-diol, 22.9% 
cyclohexane-1 ,2-diol-0-glucuronide and 17% N-acetyl- S-(2-hydroxycyclohexyi)
L-cysteine) (Sauer et al., 1997). The metabolic fate of cyclohexane oxide in Fischer 
344 rats and B6C3F1 mice is illustrated in Figure 2. 

Male Wistar rats were given 0-1.2 mmol (:o; 118 mg or 621 mg/kg bw) of 
cyclohexane oxide intraperitoneally or via a cannulated jugular vein. The 48-h 
urine contained a mercapturic acid conjugate, N-acetyi-S-trans-2-hydroxycyclo
hexyi-L-cysteine. At doses :o; 0.5 m mol (:o; 263 mg/kg bw) of cyclohexane oxide, the 
increase in urinary excretion of the mercapturic acid derivative was directly related 
to the administered dose. At higher doses(> 0.5 m mol), the amount of mercapturic 
acid conjugate excreted in the urine remained constant at 21% of the original 
dose. Formation of GSH conjugates by glutathione S-epoxide transferase is limited 
by the supply of free GSH, which is reported to be present in the rat liver at a 
concentration of about 9 mmol/1 (Moron et al., 1978; Pessayre et al., 1979). 
Therefore, at high doses of cyclohexane oxide, the cellular GSH supply is depleted 
and de novo synthesis is inadequate to meet the demand (van Bladeren et al., 
1981 ). lt should be noted, however, that the intake of epoxides from their use as 
flavouring agents is significantly lower than the doses that were reported to saturate 
GSH after administration of cyclohexane oxide to rats. Consequently, GSH depletion 
is not expected to result from the use of epoxides as flavouring agents. 
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Groups of four to eight rats (strain unspecified) were given water suspensions 
of cyclopentane oxide (3.8 mmol/kg bw), cyclohexane oxide (3.0 mmol/kg bw) or 
cycloheptane oxide (1.5 mmol/kg bw) by stomach tube. Two hours after administra
tion, the total GSH levels in the liver were 166, 82 and 96 mg/1 00 g liver with 
cyclopentane oxide, cyclohexane oxide and cycloheptane oxide, respectively, 
indicating a decrease in rat liver GSH from the control value (186 mg/1 00 g liver). 
The urine of rats and rabbits, collected at unspecified times, contained both cis 
and trans mecapturic acid derivatives after administration of cyclopentane oxide, 
cyclohexane oxide and cycloheptane oxide by gavage. These derivatives were 
cis- and trans-(2-hydroxycyclopentyl) mercapturic acid, cis-(2-hydroxycyclohexyl) 
mercapturic acid and trace amounts of trans-(2-hydroxycyclohexyl) mercapturic 
acid and cis- and trans-(2-hydroxycycloheptyl) mercapturic acid. The main 
metabolites identified in rabbit urine were the corresponding glucuronic acid 
conjugates of cyclopentane diol (15%), cyclohexane diol (37%) and cycloheptane 
diol (16%) (James et al., 1971 ). No data were given on glucuronic acid conjugation. 

Limonene epoxide (related substance) 

Limonene epoxide, a structurally related substance, was administered at a 
dose of 0.47 ml/kg bw to 10 adult male Long-Evans rats by intraperitoneal injection 
daily for 5 days. The urine contained limonene-1 ,2-diol as the only metabolite. 
Incubation of limonene epoxide with rat liver microsomes in vitro yielded the same 
metabolite (Regan et al., 1980). In another study, 2 mmol/llimonene 1 ,2-epoxide 
incubated with rat liver microsomes obtained from male Wistar rats yielded the 
corresponding limonene-1 ,2-diol at a rate of 0.6 nmol/mg protein per min (Watabe 
et al., 1980). When limonene 1 ,2-epoxide was incubated with cytosolic and 
microsomal mouse liver epoxide hydrolase, the initial rate of reaction was 
134 pmol/min per mg tissue equivalent for the microsomal fraction; the rate was 
not determined for the cytosolic fraction (Hammock & Hasegawa, 1983). Incubation 
of limonene-1 ,2-epoxide with mouse liver microsomes resulted in formation of the 
1 ,2-diol at a similar rate (1 0.6 nmol/min per mg protein). No hydration of limonene-
1 ,2-epoxide by mouse liver cytosol was detected (Gill et al., 1983). 

Thus, glycidate epoxides and alicyclic epoxides (including terpene) are 
readily detoxicated via two pathways, hydrolysis and GSH conjugation. Sponta
neous hydrolysis can occur in the stomach or in tissues to form the corresponding 
trans-1 ,2-diols. Enzymatic hydrolysis is mediated by tissue epoxide hydrolases. 
The diols are then excreted primarily in the urine unchanged or as glucuronic acid 
or sulfate conjugates. Conjugation with GSH, mediated by GST, yields the 
corresponding mercapturic acid conjugates, which are also excreted in the urine. 
High doses of epoxides (especially trans-epoxides) can deplete GSH. Secondary 
N-alkylation reactions with nitrogen-containing biomolecules can then occur; 
however, as discussed above, GSH depletion is not expected to occur after 
consumption of epoxides at levels resulting from their use as flavouring agents. 

2.3.2 Toxicological studies 

(a) Acute toxicity 

Oral LD50 values have been reported for four of the nine substances in this 
group (Table 4). In rats, the LD50 values ranged from 2450 mg/kg bw for trans-
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Table 4. Results of studies of acute oral toxicity with epoxides 

No. Flavouring agent Species; sex LDso Reference 
(mg/kg bw) 

1572 trans-Carvone-5,6-oxide Rat 2450 Moreno (1978) 
1575 Caryophyllene oxide Rat > 5000 Moreno (1979a) 
1575 Caryophyllene oxide Rat; M > 5000 Moreno (1979b) 
1576 Ethyl 3-phenylglycidate Rat < 5000 Shelanski & 

Moldovan (1973) 
1577 Ethyl methylphenylglycidate Rat 5000 Levenstein (1976) 
1577 Ethyl methylphenylglycidate Rat; M, F 5470 Jenner et al. (1964) 
1577 Ethyl methylphenylglycidate Rat 5470 Bar & Griepentrog 

(1967) 
1577 Ethyl methylphenylglycidate Guinea-pig; M, F 4050 Jenner et al. (1964) 

M, male; F, female; NR, not reported 

carvone-5,6-oxide (No. 1572) to> 5470 mg/kg bw for ethyl methylphenylglycidate 
(No. 1577), indicating that the acute toxicity of epoxides given orally is very low 
(Jenner et al., 1964; Bar & Griepentrog, 1967; Shelanski & Moldovan, 1973; 
Levenstein, 1976; Moreno, 1978, 1979a,b). In guinea-pigs, an LD50 value of 
4050 mg/kg bw was reported for ethyl methylphenylglycidate (No. 1577), also 
indicating low acute toxicity (Jenner et al., 1964). 

The results of short- and long-term studies of toxicity with representative 
epoxides in experimental animals are summarized in Table 5 and described below. 

(b) Short-term studies of toxicity 

Ethyl methylphenylglycidate (No. 1577) 

From 1957, a series of studies was conducted in which ethyl methylphenyl
glycidate was administered at repeated doses to rodents for up to 1 year. 
inconsistent effects were found on target organs. Although no effects were reported 
in a 12-week study in which rats were estimated to have ingested 24-29 mg/kg bw 
per day of ethyl methylphenylglycidate (Oser, 1957) or in a 1-year study in which 
ethyl methylphenylglycidate was given in the diet at a concentration of 2500 ppm 
(about 125 mg/kg bw per day) (Hagan et al., 1967), growth retardation and testicular 
atrophy were reported in a 16-week study at a dietary concentration of 1 0 000 ppm 
ethyl methyl phenylglycidate (about 1000 mg/kg bw per day) (Hagan et al., 1967). 
Furthermore, variations indicative of neuropathy, including hind-limb paralysis and 
degenerative changes of the sciatic nerve, were reported in two 2-year studies in 
which ethyl methylphenylglycidate was given to rats in the diet at concentrations 
~ 5000 pp m (about 250 mg/kg bw per day) (Bar & Griepentrog, 1967; Griepentrog, 
1969). Some of the earlier studies, however, suffered from limited test protocols 
(Bar & Griepentrog, 1967; Griepentrog, 1969) or did not provide analytical data on 
the test substance (Oser, 1957; Bar & Griepentrog, 1967; Hagan et al., 1967; 
Griepentrog, 1969). Consequently, two more recent, traditional studies (Mason et 
al., 1978; Dunnington et al., 1981) of up to 2 years' duration were performed with 
ethyl methylphenylglycidate, partly to resolve the inconsistent toxicological effects. 



Table 5. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity with epoxides administered 
orally 

No. Substance Species; No. test groups•/ Route Duration NOEL Reference 
sex no. per groupb (days) mg/kg bw 

per day) 

Short-term studies 
1577 Ethyl methylphenylglycidatec Rat; M, F 1/24 Diet 84 M:> 24d Oser (1957) 

(12 weeks) F: > 2d 
1577 Ethyl methylphenylglycidate Rat; M, F 3/30 Diet 105 50 Mason et al. (1978) 

(15 weeks) 
1577 Ethyl methylphenylglycidate Rat; M,F 1/10 Diet 112 < 1000 Hagan et al. (1967) 

(16 weeks) 

Long-term studies 
1577 Ethyl methylphenylglycidate Rat; M,F 1/10 Diet 365 > 125d Hagan et al. (1967) 

(1 year) 
1577 Ethyl methylphenylglycidate Rat; M, F 3/96 Diet 730 M:35 Dunnington et al. (1981) 

(2 years) F:60 
1577 Ethyl methylphenylglycidate Rat; M, F 4/10-30 Diet 730 <50 Griepentrog (1969) 

(2 years) 
1577 Ethyl methylphenylglycidate Rat; M, F 2/10-20 Diet 730 50 Bar & Griepentrog (1967) 

(2 years) 

M, male; F, female 
• Total number of test groups does not include control animals. 
b Total number per test group includes both male and female animals. 
c The test material consisted of a flavour mixture of ethylbenzoate, isobutyl benzoate, benzyl acetate, benzyl butyrate, ethyl methylphenylglycidate 

and glycidate M-116 blended in proportion to the use levels reported for the individual flavouring compounds (0.15, 25, 18.7, 25, 25 and 25 ppm, 
respectively). The resulting blend, containing therefore approximately 21% ethyl methylphenylglycidate, was incorporated in the test diet to provide 
a daily dose of 100 mg/kg bw per day of the flavour mixture. On the basis of an actual mean intakes of 115 and 137 mg/kg bw per day of the 
flavour mixture by male and female rats, respectively, the average daily intakes of ethyl methylphenylglycidate were about 24 and 29 mg/kg bw per 
day for male and female rats, respectively. 

d Study performed with either a single dose or multiple doses that had no adverse effect. The value is therefore not a true NOEL but is the highest 
dose tested that had no adverse effects. The actual NOEL might be higher. 

~ 
~ -1::1 
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Rats 

Groups of 12 male and 12 female rats (strain unspecified) were fed a diet 
for 12 weeks designed to provide a dose of 100 mg/kg bw per day of a flavour 
mixture consisting of a series of aromatic esters blended at concentrations 
proportional to their reported use levels: ethyl benzoate, 0.15 ppm; isobutyl 
benzoate, 25 pp m; benzyl acetate, 18.7 pp m; benzyl butyrate, 25 ppm; ethyl 
methylphenylglycidate (No. 1577), 25 ppm; and glycidate M-116, 25 ppm. The 
actual mean intakes of the flavour mixture were reported to be 115 and 137 mg/kg 
bw per day for male and female rats, respectively. On the basis of the concentration 
at which ethyl methylphenylglycidate was incorporated into the flavour mixture 
(about 21 %), the mean daily intakes of the flavour mixture corresponded to average 
intakes of about 24 and 29 mg/kg bw per day of ethyl methylphenylglycidate for 
male and female rats, respectively. Concurrent controls (12 of each sex) received 
the basal diet. Daily observations of physical appearance and behaviour, weekly 
measurements of body-weight gain and food intake, and calculation of food use 
efficiency revealed no significant differences between test and control animals. At 
the end of the treatment period, analysis of urine for glucose and albumin revealed 
elevated albumin values in all test and control males and some control females. In 
the absence of a difference between the frequency or the intensity of albumin 
levels in test and control groups, the increase was not attributed to treatment. 
Haemoglobin levels determined at week 12 were comparable in test and control 
animals. With the exception of pulmonary disease in some control animals, the 
results of necropsy were unremarkable. No variations were reported in the absolute 
or relative weights of the liver or kidneys of test animals in comparison with controls. 
The authors concluded that no adverse effects were associated with administration 
of the the flavour mixture in the diet (Oser, 1957). 

Groups of five wean ling Osborne-Mendel rats of each sex were given diets 
containing ethyl methylphenylglycidate (No. 8) at a concentration of 0 or 10 000 ppm 
for 16 weeks, corresponding to an estimated daily intake of about 1000 mg/kg bw 
per day (Food & Drug Administration, 1993). Weekly observation of general 
appearance and measurements of body weight and food intake revealed reduced 
body-weight gain for treated males in comparison with controls. Examination of 
white and red cell counts, haemoglobin level and erythrocyte volume fraction at 
study completion showed no remarkable findings. At necropsy at the end of the 
study, the liver, kidneys, spleen, heart and testes were weighed and examined 
histopathologically, and the abdominal and thoracic viscera and the bone, bone 
marrow and muscle of one hind leg were examined microscopically. With the 
exception of testicular atrophy in treated males (statistical significance not specified), 
no other weight variations or pathological abnormalities were observed (Hagan et 
al., 1967). 

Groups of 15 Sprague-Dawley rats of each sex were maintained on diets 
containing 0, 0.02, 0.1 or 0.5% ethyl methylphenylglycidate (No. 1577) for 15 weeks. 
The test substance was 99% pure and had well defined specifications. On the 
basis of measurements of body weight and food and water intake on days 0 (first 
treatment day), 22, 48 and 93, the daily intake of ethyl methylphenylglycidate at 
each dietary concentration ranged from 29 to 9 mg/kg bw (0.02%), 154 to 49 mg/kg 
bw (0.1%) and 774 to 213 mg/kg bw (0.5%) for males and 31 to 11 mg/kg bw 
(0.02%), 154 to 65 mg/kg bw (0.1 %) and 823 to 274 (0.5%) mg/kg bw for females. 
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Additionally, satellite groups were maintained on diets containing 0, 0.1 or 0.5% 
ethyl methylphenylglycidate for 2 or 6 weeks. 

Weekly measurements of body weight and food and water consumption 
revealed a transient (from day 29 to day 62 inclusively) increase in body weight for 
males on the diet containing 0.02% ethyl methylphenylglycidate. Renal function 
tests (i.e., specific gravity and 2- and 6-h volume output after water loading and 
during water deprivation, respectively) were conducted in weeks 2, 6 and 13, while 
urine components (blood, bile salts, proteins, ketones, glucose and microscopic 
constituents) were analysed during the last week of treatment. In week 2, but not 
in week 13, males at 0.5% produced urine of higher specific gravity and in smaller 
quantities during the 2-h urinary collection period (neither result was statistically 
significant) and had a 50% smaller 6-h urine volume than controls. The results 
were considered to be indicative of a mild impairment in the urine diluting and 
concentrating ability of the animals. Haematological examination on week 6 revealed 
a significant reduction in the white cell count in males at 0.5% in comparison with 
controls. No haematological variations were observed in week 15. Statistically 
significant variations in clinical chemistry consisted of decreased aspartate 
aminotransferase activity in females at 0.5% in week 15. 

Statistically significant differences in organ weights seen in weeks 2 and 6 
consisted of increased relative kidney weights in males at 0.5% and decreased 
relative stomach weights in males at 0.1 %. At the end of the study, the relative 
liver and kidney weights were significantly increased in males at 0.5%. In females 
at 0.5%, the relative weights of the liver, spleen, kidneys, stomach, small intestine 
and empty caecum were significantly increased at the end of the study. Additionally, 
females at 0.02% showed an increased relative weight of the small intestine in 
comparison with controls. No statistically significant differences in the incidence of 
histopathological changes in any of these tissues or any of the other tissues 
examined (brain, heart, full caecum, adrenals, gonads, pituitary and thyroid gland) 
were observed between test and control animals after the 15-week treatment period. 
Histological examination of kidneys from all males that appeared to have impaired 
renal function in week 2 of the study revealed areas of dense lymphocytic infiltration 
surrounding the tubules and glomeruli in the cortical area. The cells in these areas 
appeared pale and swollen. In the lumina of a few tubules, desquamated cells 
were identified, some of which appeared to be necrotic. Slight thickening of the 
Bowman capsule was observed in areas of dense lymphocytic infiltration. Although 
these changes are consistent with early-stage nephrosis, similar variations were 
observed in two control males, in one control female and in two females at 0.5%. 
Similar lesions were seen four control males and two at 0.5% and in one female at 
this dietary concentration in week 6. In week 15, kidney lesions consistent with 
early signs of nephrosis were reported in 2/12 control males and 2/15 at 0.5% and 
in 1/14 female controls. As these kidney lesions occurred in both control and test 
animals, the authors did not consider the occurrence of nephrosis to be related to 
administration of ethyl methylphenylglycidate; however, although the increase in 
relative kidney weights in both males and females at 0.5% in week 15 was not 
accompanied by impaired renal function or by statistically significant incidences of 
histopathological changes, the authors concluded that the enlargement of the 
kidneys was treatment-related. 

In order to evaluate any compound-related neurological effects, as reported 
in an earlier study (Griepentrog, 1969), a Rotarod was used to assess the 
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coordinated motor activity of animals during treatment. No difference in performance 
was seen between test and control animals. Furthermore, histological examination 
of the sciatic and brachial nerves showed no evidence of neurological changes. 

The authors concluded that the study provided no evidence of compound
related testicular atrophy (Hagan et al., 1967) or neurological toxicity (Bar & 
Greipentrog, 1967; Griepentrog, 1969), which had been described in earlier studies. 
On the basis of the changes in relative organ weights observed in both males and 
females at the 0.5% level, the authors concluded that 0.1% was the no-observable
adverse-effect level. For both males and females, depending on the time during 
the study, the dietary level of 0.1% was reported to correspond to a daily intake of 
ethyl methylphenylglycidate of 50-150 mg/kg bw per day (Mason et al., 1978). 

Cyclohexane epoxide (related substance) 

Mice 

In a 28-day study, groups of five male and five female B6C3F1 mice were 
given 0 (vehicle control), 6.25, 12.5, 25, 50 or 100 mg/kg bw of cyclohexane oxide 
in 0.5% methylcellulose by gavage on 5 days per week. The mice were weighed 
on day 1, then once a week and at the end of the study. At scheduled necropsy, 
the liver, thymus, right kidney, right testicle, heart and lungs were excised and 
weighed. Histopathological examination was limited to the heart, ovary and 
forestomach. No significant differences between treated animals and controls were 
found in body or organ weights. Necropsy revealed a few gross lesions; no 
compound-related pathological alterations were observed at microscopic 
examination (Sauer et al., 1997}. 

Rats 

In a 28-day study, groups of five male and five female JVC Fischer 344 rats 
were given 0 (vehicle control), 6.25, 12.5, 25, 50 or 1 00 mg/kg bw of cyclohexane 
oxide in 0.5% methylcellulose by gavage on 5 days per week. The rats were weighed 
on day 1, then once a week and at the end of the study. At scheduled necropsy, 
the liver, thymus, right kidney, right testicle, heart and lungs were excised and 
weighed. Histopathological examination was limited to the heart, ovary and 
forestomach. No significant differences between treated animals and controls were 
found in body or organ weights. The authors noted, however, that the lung weights 
of treated females (dose not specified) tended to be increased; however, owing to 
large variance in the data, the result was not statistically significant. Necropsy 
revealed a few gross lesions; no compound-related pathological alterations were 
observed at microscopic examination (Sauer et al., 1997). 

(c) Long-term studies of toxicity and carcinogenicity 

Ethyl methylphenylglycidate (No. 1577) 

In a 1-year study, groups of five weanling Osborne-Mendel rats of each sex 
were given diets containing ethyl methylphenylglycidate at a concentration of 
2500 ppm [about 125 mg/kg bw per day (Food & Drug Administration, 1993)]. 
Weekly observations of general appearance and measurements of body weight 
and food intake showed no differences between test and control animals. 
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Haematological examinations performed at 3, 6 and 12 months for white and red 
cell counts, haemoglobin level and erythrocyte volume fraction gave normal values. 
At necropsy, the liver, kidneys, spleen, heart and testes were weighed, and these 
organs, as well as the abdominal and thoracic viscera and the bone, bone marrow 
and muscle of one hind leg were preserved for histopathological examination. No 
significant differences in organ weights were reported, and the histopathological 
findings were unremarkable (Hagan et al., 1967). 

In a 2-year study, with limited reporting of data, equal numbers of male and 
female white rats (strain unspecified) were given diets supplemented with 0, 0.1% 
or 0.5% of ethyl methylphenylglycidate [approximately 0, 50 and 250 mg/kg bw 
per day in rats, respectively (Food & Drug Administration, 1993)]. The appearance, 
behaviour and body-weight gain of the animals were monitored throughout the 
study at unspecified intervals. All animals, including those that died before the end 
of the study, were necropsied and the liver, kidneys, adrenals, heart, spleen, 
pancreas, brain and any tumours were examined histopathologically. With the 
exception of a slight reduction in the survival of animals (7/1 0 at the end of the 
study), no adverse effects were reported at the lower dietary concentration. At 
0.5%, survival was significantly affected (14/20 rats alive at 1 year, 1/20 at 1.5 years 
and 0/20 at 2 years), and a reduction in body-weight gain was reported. Paralysis 
of the rear extremities was observed, and histopathological examination revealed 
degeneration of the sciatic nerves in animals at 0.5%. No further details were 
provided (Bar & Griepentrog, 1967). 

In a similar 2-year study conducted at the same laboratory, groups of five 
male and five female white rats (strain unspecified) were maintained on diets 
containing 0, 0.1% or 0.5% ethyl methylphenylglycidate [approximately 50 and 
250 mg/kg bw per day, respectively (Food & Drug Administration, 1993)]. In a 
follow-up investigation, also of 2 years' duration, groups of 10 rats of each sex 
were given diets containing 0, 0.1% or 0.6% ethyl methylphenylglycidate 
[approximately 50 and 300 mg/kg bw per day, respectively (Food & Drug 
Administration, 1993)]. In yet another 1-year study, groups of 15 rats of each sex 
received diets containing 0 or 0.35% ethyl methylphenylglycidate [approximately 
175 mg/kg bw per day (Food & Drug Administration, 1993)]. A transient reduction 
in body weights was observed in rats at 0.6%, which was accompanied by a 
decrease in food intake. The authors commented that the effect might have been 
due to the unpalatability of the strongly flavoured food. 

All animals were necropsied, and the liver, spleen, heart, kidneys and brain 
were examined histologically. In view of the previous finding of compound-related 
nerve damage, the sciatic nerve and spinal marrow from all animals that were 
necropsied and the sciatic nerve from moribund animals killed before the end of 
the study were also examined. In some cases, the lumbar nerve root was also 
evaluated histopathologcially. Animals in all treated groups showed some degree 
of paralysis of the posterior extremities, the paralysis being more pronounced at 
higher dietary levels of ethyl methylphenylglycidate. In particular, paralysis was 
rare at 0.1 %, and the incidence (22%) of histological changes (demyelination of 
nerve fibres and, in some cases, destruction of the axis cylinder) in the sciatic 
nerve was low; at concentrations of 0.35%, 0.5% and 0.6%, however, paralysis 
and changes in the sciatic nerve were seen in 22% of animals at 0.1% in the diet, 
70% at 0.35%, 65% at 0.5% and 60% at 0.6% ethyl methylphenylglycidate. 
Histological changes were also observed in the lumbar nerve root, including Wailer 
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degeneration with dissolution of myelin in the form of marrow balls and lumps in 
animals with only mild demyelination. No other gross or microscopic changes were 
observed (Griepentrog, 1969). 

In the most recent 2-year study, groups of 48 weanling Wistar-derived rats 
of each sex, housed four per cage, were maintained on diets containing 0, 0.02%, 
0.1% or 0.5% ethyl methylphenylglycidate. On the basis of body weights and food 
intake, the approximate daily intake of ethyl methylphenylglycidate at 0.02%, 0.1% 
and 0.5% in the diet was estimated to range from 23 to 1 0 mg/kg bw, 114 to 29 mg/kg 
bw and 559 to 145 mg/kg bw for males and 23 to 1 0 mg/kg bw, 114 to 50 mg/kg bw 
and 562 to 248 mg/kg bw for females, respectively. Cumulative mortality records 
showed no significant differences in the survival of treated and control animals. 
Although the number of deaths among males and females at 0.5% was lower than 
in the control group, the difference did not reach statistical significance. 

Daily observations of test and control group showed no abnormalities. 
Regular measurements of body weights and food and water intake, at various 
intervals throughout the study, revealed significantly lower body weights (up to 
week 92) for females at the highest dietary level (0.5%) (p < 0.05), but the body 
weight variations were less than 1 0% and were associated with a slight reduction 
in food intake. Increased water consumption was noted in males and females at 
the lowest dose (0.02%) and in females at 0.1 %. Motor activity was evaluated in 
weeks 2, 15, 21, 62 and 84 by the Rotarod method (Mason et al., 1978). In contrast 
to the results of earlier studies (Bar & Griepentrog, 1967; Hagan et al., 1967; 
Griepentrog, 1969), there was no evidence of neuropathy in treated groups. 

Haematological examinations (haemoglobin, packed-cell volume and 
erythrocyte and total leukocyte counts) on 10 animals of each sex in the control, 
0.1 and 0.5% groups in weeks 16, 24 and 54 and on all groups at the end of the 
study revealed a transient increase in leukocyte count in males at 0.5%; however, 
at the end of the 2-year treatment period, the haematological values were similar 
in all groups. Clinical chemistry determinations revealed no statistically significant 
differences between males at 0.02% and controls; however, at 0.5%, statistically 
significant variations were seen, including reduced aspartate aminotransferase 
activity in males and females, elevated glucose levels in males and decreased 
and increased urea levels in females and males, respectively, in comparison with 
controls. At 12, 24, 54 and 79 weeks, renal function tests and urine analyses were 
conducted on animals in the control, 0.02% (weeks 12 and 24 only), 0.1% and 
0.5% groups. Although some differences in urinary volume output were seen 
between test and control animals, no consistent effects were reported. 

At necropsy, the relative brain, heart and pituitary weights were found to be 
significantly lower in males at 0.02% but not in those at higher dietary 
concentrations. Females at 0.02% had significantly lowere relative weights of empty 
caeca, and those at 0.1% had significantly lower relative pituitary weights. No 
weight differences were reported at the highest dietary concentration of ethyl 
methylphenylglycidate. 

Histopathological examination revealed a dose-dependent increase in the 
incidence (18/39; p < 0.05) of focal fatty vacuolation of the liver in males at 0.5% 
and liver necrosis, albeit not dose-dependent, at 0.1% (9/39; p < 0.01) in comparison 
with the control group (9/37 and 1/39, respectively); however, the extent and severity 
of the lesions was comparable to those in control males, and no significant hepatic 
abnormalities were found in females. The authors noted that fatty vacuolization 
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occurs commonly in ageing male rats (Burek, 1978). As female rats showed no 
statistically significant increase in the incidence of fatty vacuolation and the lesions 
in affected males were similar in appearance and severity to those of control 
animals, the authors concluded that it was unlikely that the liver variations were 
related to treatment. The incidence of dilatation of the pancreatic duct in males at 
0.5% (13/39) and in females at 0.02% (7/44) was statistically significant (p< 0.001}; 
however, in view of the lack of a dose-dependent response in females and as 
atrophy of the pancreas is considered to be a common finding in ageing rats (Burek, 
1978), the authors concluded that the pancreatic variations were incidental and 
unrelated to treatment. The increased incidences of lymph-node-sinus dilatation 
(5/38) (p < 0.05) and adrenal hyperplastic nodules (8/32) (p < 0.05) in males at the 
0.5% dietary concentration also were reported to be common findings in ageing 
rats (Berg, 1967; Burek, 1978). Moreover, dilatation of the lymph node sinus was 
also found in a control female. Statistically significant increases in the incidences 
of pituitary adenomas were found in females and of testicular interstitial-cell 
adenomas in males at 0.02% and 0.5%. There was, however, no statistical 
difference in the overall incidence of benign or malignant tumours between treated 
and control animals. Moreover, the authors noted that spontaneous tumours of the 
pituitary are particularly common in ageing rats, with incidences as high as 50-
70% in control rats (Andersson, 1969; lto et al., 1972). The authors noted that the 
values were comparable with the incidence rates typically encountered in their 
laboratory for this strain of rat (50-72%). Therefore, they suggested that the 
relatively low incidence (42%) of tumours in the control rats in this study was 
probably responsible for the statistically significant difference in tumour incidence 
between test and control animals. 

Likewise, interstitial-cell tumours are the commonest testicular tumours in 
male rats (Guerin, 1954; Davey & Moloney, 1970). The incidence in control Wistar 
rats is reported to be as high as 10% (Evans et al. 1977). In view of the lack of a 
dose-dependent increase in the incidence of these neoplasms (controls, 5.4%; 
0.02% diet, 22%; 0.1% diet, 2.7%; 0.5% diet, 23%) and the fact that tumours were 
present in animals necropsied at the end of the study and not in those that died 
before the end of the study, the authors concluded that the distribution of testicular 
tumours was a reflection of variations in the normal spontaneous occurrence of 
this type of tumour in rats and was not related to administration of the test substance. 
The incidence of testicular adenomas in control male rats used in National 
Toxicology Program dietary studies is remarkably high (89.1 %; range, 74-98%) 
(Haseman et al., 1998). 

In view of the variations in body weight and the increased incidence of 
histological changes in the liver, pancreas, adrenal glands and lymph nodes at the 
highest dietary level, the NOEL was 0.1 %, corresponding to an estimated daily 
intake of 35 mg/kg bw per day of ethyl methylphenylglycidate (Dunnington et al., 
1981 ). 

(f) Genotoxicity 

Three representative epoxides in this group (Nos 1575, 1576 and 1577) 
and a series of structurally related glycidic and cycloaliphatic epoxides have been 
tested for mutagenicity and genotoxicity. The results of these tests are summarized 
in Table 6 and described below. 



Table 6. Studies of genotoxicity with epoxides used as flavouring agents c.;, ... 
.c:. 

No. Agent End-point Test object Dose or concentration Results Reference 

In vitro 
1575 Caryophyllene oxide Reverse mutation S. typhimuriumTA1535, 0, 10, 100, 1000 or Negative•.b Richold et al. (1979) 

TA1537, TA1538 10 000 11g/plate 
1575 Caryophyllene oxide Reverse mutation S. typhimurium TA 1535, 0, 10, 50, 100 or Negative•.c Richold et al. (1979) 

TA1537, TA1538,TA98, 500 11g/plate 
TA100 

1576 Ethyl 3-phenyl- Reverse mutation S. typhimurium TA98, TA100, 0, 1 0-500 11g/plate Negatived.• Canter et al. (1986) 
glycidate TA1535, TA1537 

1576 Ethyl 3-phenyl- Reverse mutation S. typhimuriumTA98, TA100, 0, 10-2200 11g/plate Negative1-9 Canter et al. (1986) 
glycidate TA1535,TA1537 

1576 Ethyl 3-phenyl- Reverse mutation S. typhimuriumTA98, TA100, 0, 80,400 or Negatived.h Tilch & Elias (1984) 
glycidate TA1535, TA1537, TA1538 2000 11g/plate Negative/ 

weakly 
positivef.i 

1576 Ethyl 3-phenyl- Reverse mutation S. typhimuriumTA98, TA100, 0, 400, 2000 or Negative• Tilch & Elias (1984) 
glycidate digest' TA1535,TA1537,TA1538 1 0 000 11g/plate 

1576 Ethyl 3-phenyl Reverse mutation S. typhimurium TA 1 00 0, 200, 500, 1000 or Negative/ Voogd et al. (1981) 
glycidate 2000 11g/ml positive•·k 

1576 Ethyl 3-phenyl- Reverse mutation S. typhimuriumTA100, TA98 0, 25, 50, 100, 250, Negative/ Wagner & Walton 
glycidate 500, 1000, 2500 or positived,i (1999) 

5000 11g/plate Positive' 
1576 Ethyl 3-phenyl- Reverse mutation S. typhimurium TA 1535, $ 4000 11g/plate Negative/ Wild et al. (1983) 

glycidate TA1537, TA1538, TA98, positive•·; 
TA100 

1576 Ethyl 3-phenyl- SOS chromotest E. coli PQ37 0, 0.01' 0.03, 0.1' Negative• von der Hude et al. 
glycidate 0.3 or 1.0 mmol/1 (0, (1990a) 

~ 1.9, 5.8, 19.2, 57.7 or 
192.2 11g/ml) ~ 

1576 Ethyl 3-phenyl- Sister chromatid Chinese hamster ovary- 0 or 1 03 11g/ml Positive• Tilch & Elias (1984) 6 
glycidate exchange K1-BH4 cells (0.1 03 mg/ml) m 



Table 6 (contd) ~ 
No. Agent End-point Test object Dose or concentration Results Reference ~ 

6 
1576 Ethyl 3-phenyl- Sister chromatid Chinese hamster ovary- 0 or 3280 1-1g/ml Negative• Tilch & Elias (1984) m 

glycidate digesti exchange K1-BH4 cells (3.28 mg/ml) 
1576 Ethyl 3-phenyl- Sister chromatid Chinese hamster V79 cells 0, 0.078, 0.16, 0.32, Positive 1·m von der Hude et al. 

glycidate exchange 0.63, 1.25 or 2.5 mmol/1 (1991) 
(0, 15, 30.8, 61.5, 121.1, 
240.3 or 480.5 1-1g/ml) 

1577 Ethyl methylphenyl- Reverse mutation S. typhimuriumTA98, TA100, 0, 100-10 000 1-1g/plate Negative"·" Canter et al. (1986) 
glycidate TA1535,TA1537 

1577 Ethyl methylphenyl- Reverse mutation S. typhimurium TA 1 00 0, 200, 500, 1000, Negative• Voogd et al. (1981) 
glycidate 2000 or 5000 1-1g/ml 

1577 Ethyl methylphenyl- Reverse mutation S. typhimurium TA 1535, $ 3600 1-1g/plate Negative• Wild et al. (1983) 
glycidate TA1537,TA1538,TA98,TA100 

1577 Ethyl methylphenyl- Reverse mutation S. typhimurium TA 1535, $ 1200 1-1g/plate Negative•.o Wild et al. (1983) 
glycidate TA1537,TA1538,TA98,TA100 

1577 Ethyl methylphenyl- Sister chromatid Chinese hamster ovary 0, 16, 50 or 160 mg/ml Positived Galloway et al. (1987) 
glycidate exchange cells W B1 0, 16, 50, 160 or Negative' 

500 mg/ml 
1577 Ethyl methylphenyl- Chromosomal Chinese hamster ovary 0, 50, 160 or 500 mg/ml Positived Galloway et al. (1987) 

glycidate aberration cells W B1 Equivocai'·P 

In vivo 
1576 Ethyl 3-phenyl- Sex-linked recessive Drosophila melanogaster 0 or 2.5 mmol/1 Negativeq Wild et al. (1983) 

glycidate lethal mutation (Base (480.5 1-1g/ml) 
test) 

1576 Ethyl 3-phenyl- Micronucleus NMRI mice 0, 577, 961 or Negative Wild et al. (1983) 
glycidate induction 1538 mg/kg bw' 

1577 Ethyl methylphenyl- Sex-linked recessive Drosophila melanogaster 0 or 1 0 mmol/1 Weakly Wild et al. (1983) 
glycidate lethal mutation (Base (2062.4 1-lg/ml)' positive 

test) Co) .... 
Cl! 



Table 6 (contd) 

No. Agent End-point Test object Dose or concentration Results Reference 

1577 Ethyl methylphenyl- Micronucleus NMRI mice 0, 619, 1237or Negative Wild et al. (1983) 
glycidate induction 1856 mg/kg bw' 

• With or without S9 activation 
b Cytotoxicity observed at 1000 and 10 000 J.lg/plate in S. typhimurium TA 1535, TA 1537 and TA 1538 
c Cytotoxicity at 500 J.lg/plate in S. typhimurium TA 100 and TA98; results for strain TA 1538 not reported with metabolic activation because of sample 

contamination 
d Without S9 activation 
• Cytotoxicity at highest dose in all strains tested 
' With S9 activation. 
g Cytotoxicity at 1600 and 2200 J.lg/plate in all strains tested 
h Cytotoxicity at 2000 J.lg/plate inS. typhimurium TA98, TA 1535 and TA1538 
; Mutagenic only in S. typhimurium TA 1 00 
i Pepsin and pancreatin digest of ethyl 3-phenylglycidate; used to simulate mammalian digestion 
k Positive only at 1 000 and 2000 J.lg/ml 
' Precipitation and cytotoxicity at 2.5 mmol/1 (480.5 J.lg/ml) 
m Absence or presence of metabolic activation not specified 
n Cytotoxicity at 1 0 000 J.lg/plate in S. typhimurium strain TA 100 
o Pre-incubation method 
P p value reported as< 0.003 in the trend test; however, none of the results was significant at p ~ 0.05 by the Dun nett method. 
q Statistically significant increase in only one of three experiments and only in the first of three broods; cumulative number of mutations in all three 

experiments with first brood not statistically significantly different from controls 
' Single intraperitoneal doses 
' Statistically significant increase in number of mutations in only one of four experiments and only in the first of three broods; cumulative number of 

mutations in all four experiments with first brood significantly increased over controls 

t.) ..... 
0'1 
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In vitro 

In standard assays for reverse mutation in Salmonella typhimurium, ethyl 
methylphenylglycidate (No. 1577) and caryophyllene oxide (No. 1575) were 
consistently non-mutagenic in strains TA98, TA100, TA1535, TA1537 and TA1538 
at concentrations up to 1 0 000 mg/plate, with and without metabolic activation 
(S9) (Richold et al., 1979; Voogd et al., 1981; Wild et al., 1983; Canter et al., 
1986). Ethyl 3-phenylglycidate (No. 1576) gave inconsistent results in this test: at 
:<;:; 4000 J..Lg/plate, it did not induce reverse mutations in S. typhimurium TA 1535, 
TA 1537 or TA 1538 with or without metabolic activation (Wild et al., 1983; Tilch & 
Elias, 1984; Canter et al., 1986); however, negative results were reported in several 
studies in TA98 incubated with ethyl 3-phenylglycidate at concentrations 
:<;:; 4000 J..Lg/plate, irrespective of metabolic activation (Wild et al., 1983; Tilch & 
Elias, 1984; Canter et al., 1986; Wagner & Walton 1999), whereas increased 
mutagenicity was found in TA98 with metabolic activation(:<;:; 5000 J..Lg/plate). In the 
absence of metabolic activation, the frequency of revertants was comparable to 
that of controls (Wagner & Walton, 1999). 

Although Canter et al. (1986) reported negative results in TA 100 incubated 
with ethyl3-phenylglycidate at:<;:; 2200 J..Lg/plate with and without metabolic activation, 
positive results were reported with and without metabolic activation in other studies 
(Voogd et al., 1981; Wild et al., 1983; Tilch & Elias, 1984; Wagner & Walton, 1999). 
In the study of Voogd et al. (1981), positive results were found only at the two 
highest concentrations (1 000 and 2000 J..Lg/ml), with and without metabolic 
activation. Only a weak mutagenic response was reported byTilch and Elias (1984) 
and only in the presence of metabolic activation. In an assay in which the 
mutagenicity of a pepsin and pancreatin digest of ethyl 3-phenylglycidate 
(:<;:; 10 000 J..Lg/plate), simulating mammalian digestion, was investigated in several 
strains of S. typhimurium including TA 100, no increase in the mutagenic response 
was observed (Tilch & Elias, 1984). 

In Escherichia coli PQ37, ethyl 3-phenylglycidate (No. 1576) was not 
mutagenic in the SOS Chromotest with or without metabolic activation (von der 
Hude et al., 1990a). 

Ethyl 3-phenylglycidate (No. 1576) was clastogenic in Chinese hamster 
ovary (1 03 J..Lg/ml) and V79 cells (480.5 J..Lg/ml) with and without metabolic activation 
(Tilch & Elias, 1984; von der Hude et al., 1991 ); however, when ethyl3-phenylglyci
date was pre-treated with artificial digestive juices conducive to the formation of 
the corresponding diol and, subsequently, incubated with Chinese hamster ovary 
cells, no sister chromatid exchange was reported at concentrations :<;:; 3280 J..Lg/ml 
(Tilch & Elias, 1983). 

Ethyl methylphenylglycidate (No. 1577) at:<;:; 160 J..Lg/ml induced a significant 
increase in the number of sister chromatid exchanges when tested in the absence 
of rat liver S9; however, no increase in sister chromatid exchange frequency was 
observed in the presence of metabolic activation (:<;:; 500 J..Lg/ml). Similarly, ethyl 
methylphenylglycidate at :<;:; 500 J..Lg/ml induced chromosomal aberrations without 
metabolic activation. Although aberrations also occurred in the presence of S9, 
the results were considered equivocal owing to the lack of statistical significance 
in the Dunnett test (Galloway et al., 1987). 

In order to assess further the potential mutagenicity and genotoxicity of the 
epoxides, the results of a number of assays performed with structurally related 
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glycidic and cycloaliphatic epoxide compounds were reviewed. The structurally 
related glycidic ester, racemic cis-methyl epoxycinnamate (I I; see Figure 1) at 
:-,; 15 000 J..lg/plate was not mutagenic to S. typhimurium strains TA98, TA 100, 
TA 1535, TA 1537 and TA 1538 with or without metabolic activation in the plate 
incorporation test. In contrast, racemic trans-methyl epoxycinnamate (I; see 
Figure 1) at :-,; 15 000 J..lg/plate was mutagenic in S. typhimurium strains TA 1535, 
TA1537, TA1538 and TA100, but not TA98, without metabolic activation. With 
metabolic activation, no significant increases in mutagenic activity were observed 
in any of the tester strains. When the individual diastereomers of cis- (V and VI; 
see Figure 1) and trans-methyl epoxycinnamate (Ill and IV; see Figure 1) were 
incubated at 1500 or 3000 J..lg/plate with S. typhimuriumTA100 in the absence of 
metabolic activation, the trans isomers showed the greatest mutagenicity, compound 
IV being the most active (IV < Ill < VI < V) (Rietveld et al., 1988). The authors 
correlated these results with the increased N-alkylating potential of trans isomers 
discussed above. 

The potential genotoxicity of several structurally related aliphatic cyclic 
epoxides was also investigated in the Ames assay and the SOS Chromotest. 
Although cyclopentane oxide and cyclohexane oxide were mutagenic in the Ames 
test, neither was active in the SOS Chromotest. Furthermore, cyclooctane oxide, 
cyclododecane oxide, (-)-2,3-epoxypinane and (+)-limonene oxide gave uniformly 
negative results in both assays (Basler et al., 1989). No other experimental details 
were provided in this abstract. 

A series of cycloaliphatic epoxides was evaluated in the Ames assay with 
the standard battery of S. typhimurium strains (TA98, TA100, TA1535, TA1537 
and TA 1538) without metabolic activation. After incubation with cyclopentane oxide, 
cyclohexane oxide or norbornane oxide at 15-60 J..lmol/1, significant increases in 
the number of reverse mutations were observed only in TA100 and TA1535 in 
comparison with controls (Frantz & Sinsheimer, 1981 ). In another study, cyclo
hexane oxide also gave negative results in the standard Ames plate assay, but a 
significant increase in the number of reverse mutations was observed in S. 
typhimurium TA 100 in a liquid test system (0.33-1 0 mmol/1) (Turchi et al., 1981 ). 
In a comparison of the potential mutagenicity of cycloalkane epoxides with 
increasingly expanding ring sizes (cyclopentane oxide, cyclohexane oxide, 
cycloheptane oxide, cyclooctane oxide and cyclododecane oxide) inS. typhimurium 
TA 1535 and TA 100 (12 J..lmol/plate), statistically significant mutagenic responses 
were obtained with cyclopentane oxide and cyclohexane oxide. Moreover, a slight 
but statistically significant increase in revertant frequency was observed with 
cycloheptane oxide, although the increase occurred in the presence of marked 
cytotoxicity. The mutation frequency with cyclooctane oxide was comparable to 
the spontaneous background levels. No viable colonies were detected after 
incubation of either S. typhimurium tester strain with cyclododecane oxide. 
Generally, therefore, the genotoxic potential of cycloaliphatic epoxides appears to 
be related inversely to the ring size; however, compounds with increasing ring 
sizes were shown to be increasingly cytotoxic. Consequently, specially constructed 
base-pair mutagen-detectorS. typhimurium strains (TA92, TA 1950 and TA241 0), 
which have a normal lipopolysaccharide cell-wall coating as opposed to the more 
permeable coating of the TA 100 and TA 1535 strains, were used in an attempt to 
separate the mutagenic response from the confounding toxicity. The ratios of 
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mutagenicity to relative toxicity observed after incubation of the normally coated 
strains with cyclohexane oxide, cyclooctane oxide and cyclododecane oxide were 
comparable to those observed in the more permeable strains, indicating that the 
increase in mutation frequency was not due to the concomitant cytotoxicity (Frantz 
& Sinsheimer, 1981 ). 

In eukaryotic V79 Chinese hamster cells, a weak but concentration
dependent increase in the occurrence of sister chromatid exchanges was observed 
in the presence of epoxycyclopentane and epoxycyclohexane. In contrast, V79 
Chinese hamster cells incubated with epoxycyclooctane, epoxycyclododecane or 
(+)-limonene oxide showed no increase in sister chromatid exchange (von der 
Hude et al., 1991 ). Significant increases in mutant frequencies were reported when 
cyclohexane oxide (~ 5 mmol/1) was incubated with V79 Chinese hamster cells. 
Cyclohexane oxide (10 mmol/1) also increased the micronucleus frequency and 
the number of chromosomal aberrations (bridges and lagging chromosomes) in 
Chinese hamster cells (Turchi et al., 1981). 

1 ,2-Epoxyoctane, 1 ,2-epoxydecane, epoxycyclooctane, epoxycyclodo
decane, (+)-limonene oxide, a.-pinane oxide and cis-2,3-epoxysuccinic acid did 
not induce unscheduled DNA synthesis in primary rat hepatocytes (von der Hude 
et al., 1990b). 

In vivo 

The potential of ethyl methylphenylglycidate (No. 1577) and ethyl3-phenyl
glycidate (No. 1576) to induce sex-linked recessive lethal mutations in adult 
Drosophila melanogaster was studied in the Base test. The mutation frequency 
was significantly increased in flies after 3 days' exposure to 2.5 or 1 0 mmol/1 
solutions of ethyl 3-phenylglycidate (480 !lglml) or ethyl methylphenylglycidate 
(2062.4 g/ml), respectively; however, the increases were statistically significant in 
only one of the experiments conducted with each compound and only in the first of 
three broods tested. Although the isolated increase in mutation frequency observed 
with ethyl3-phenylglycidate did not affect the overall number of sex-linked recessive 
lethal mutations in brood 1, the total number of mutations in brood 1 after exposure 
to ethyl methylphenylglycidate was significantly greater than in controls. The authors 
concluded that ethyl methylphenylglycidate is only weakly mutagenic in Drosophila 
(Wild et al., 1983). 

The frequencies of micronucleated bone-marrow erythrocytes obtained from 
groups of four male and four female NMRI mice 30 h after administration of a 
single intraperitoneal dose of 619, 1237 or 1856 mg/kg bw of ethyl methylphenyl
glycidate (No. 1577) or 577,961 or 1538 mg/kg bw of ethyl3-phenylglycidate (No. 
1576) were comparable to those in the corresponding controls (Wild et al., 1983). 

Conclusion 

The genotoxic potential of glycidate and alicyclic epoxides was studied in 
several standard assays in bacteria and mammalian cells in vitro. In the Ames 
assay for reverse mutation, both caryophyllene oxide and ethyl methylphenyl
glycidate gave unequivocally negative results with and without metabolic activation 
in a series of standard S. typhimurium tester strains. Ethyl 3-phenylglycidate gave 
positive results only in S. typhimurium strains TA 100 and TA98 and mainly in the 
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presence of metabolic activation; however, a digest of ethyl 3-phenylglycidate had 
no mutagenic potential inS. typhimurium TA 100 or TA98 with or without metabolic 
activation. Negative results were reported with cis-methyl epoxycinnamate, a 
structurally related glycidic ester, in the standard battery of S. typhimurium tester 
strains, but trans-methyl epoxycinnamate was mutagenic in TA 1535, TA 1537, 
TA 1538 and TA 100, only in the absence of metabolic activation. Cyclopentane 
and cyclohexane oxide induced reverse mutation in S. typhymurium strains TA 1535 
and TA 100. Although, cycloaliphatic epoxides of larger ring size were generally 
less mutagenic activity than the smaller-ring epoxides, marked cytotoxicity was 
seen. Uniformly negative results were obtained in the SOS Chromotest in E. coli. 
Although clastogenic activity was reported in mammalian cell lines with most 
glycidate and alicyclic epoxides, increased sister chromatid exchange frequencies 
were observed with ethyl methylphenylglycidate only in the absence of metabolic 
activation. Likewise, chromosomal aberrations were reported in Chinese hamster 
ovary cells incubated with ethyl methylphenylglycidate or cyclohexane oxide, but 
the results with ethyl methylphenylglycidate were equivocal when S9 activation 
was incorporated into the assay. No unscheduled DNA synthesis was found with a 
series of epoxyalkanes and alicyclic epoxides. 

In vivo, ethyl methylphenylglycidate had slight potential to induce sex-linked 
recessive lethal mutations in Drosophila, but ethyl 3-phenylglycidate showed no 
activity. Ethyl 3-phenylglycidate and ethyl methylphenylglycidate did not induce 
micronucleus formation in mice given single intraperitoneal doses. 

Epoxides are naturally occurring substances that are also added to food as 
flavouring agents. The principal epoxide used in this way is ethyl methylphenyl
glycidate. Studies on the metabolism of glycidate and alicyclic (including terpene) 
epoxides indicate that these compounds are readily and adequately detoxicated 
in animals via two pathways, GSH conjugation and hydrolysis in the gastrointestinal 
tract or other tissues, followed by glucuronic acid or sulfate conjugation in the liver. 
Although glycidate and alicyclic epoxides had some genotoxic potential in standard 
assays in vitro, the results of assays for genotoxicity in mammals in vivo were 
negative. Furthermore, a number of long-term studies with dietary administration 
provided no evidence of carcinogenic potential. Several long-term studies with 
repeated doses of ethyl methylphenylglycidate showed no carcinogenicity at intake 
levels that were orders of magnitude higher than the intake of epoxides added as 
flavouring agents. The NOEL in the 2-year bioassay of ethyl methylphenylglycidate 
was 35 mg/kg bw per day. This intake level is > 11 00 times the daily per capita 
intake ('eaters only') of 0.031 mg/kg bw per day from use of ethyl methylphenylglyci
date as a flavouring agent. 

The known pathways of metabolic detoxication, the lack of evidence of 
carcinogenicity in long-term feeding studies and the lack of genotoxic potential in 
vivo indicate that it is unlikely that epoxides pose a significant genotoxic risk to 
humans under the conditions of their use as flavouring agents. 
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1. EVALUATION 

1.1 Introduction 

The Committee evaluated the group of 37 aliphatic and aromatic amine and 
amide flavouring agents shown in Table 1. The group comprised 13 primary aliphatic 
and aromatic amines (Nos 1579-1591 ), five tertiary aliphatic and aromatic amines 
(Nos 1610-1614), four alicyclic amines (Nos 1607-1609 and 1615), four aliphatic 
and alicyclic imines (Nos 1603-1606) and 11 amides (Nos 1592-1602). The 
evaluations were conducted according to the Procedure for the Safety Evaluation of 

-327-



Table 1. Summary of results of safety evaluations of aliphatic and aromatic amines and amides used or proposed for use as ~ 
flavouring agents 

Flavouring agent No. CAS No. and Step A3/B3• Step 84 Are additional data Comments Conclusion based 
structure Does the estimated Adequate margin of available to perform on estimated daily 

intake exceed the safety for the a safety evaluation intake 
threshold for flavouring agent for substances with 
human intake? or related substance? an estimated intake 

exceeding the 
threshold of concern? 

Structural class I ):,. 
r-

Ethylamine 1579 75·04·7 No N/R N/R See note 1 No safety concern ii 
Europe: 0.1b (conditional) ~ 

/""'NH2 USA: 0.2 b ::! 
0 
):,. 

Propylamine 1580 107-10-8 No N/R N/R See note 1 No safety concern § 
H2N ............... Europe: 0.01 b (conditional) ):,. 

USA: 0.02b :n 
0 

lsopropylamine 1581 75-31-0 No N/R N/R See note 1 No safety concern ~ 
NH2 Europe: O.Ob (conditional) ::! 

-\ USA: 0.02b 0 
):,. 

=::: 

Butylamine 1582 109-73-9 No N/R N/R See note 1 No safety concern 
~ 
m 

H2N~ Europe: 104 
):,. 

USA: 0.01 § 
lsobutylamine 1583 78-81-9 No N/R N/R See note 1 No safety concern ):,. 

H2N~ Europe: 0.07b (conditional) ~ USA: 0.09b m 



Table 1 (contd) :b. .... 
Flavouring agent No. CAS No. and Step A3/83" Step 84 Are additional data Comments Conclusion based 

;; 
~ structure Does the estimated Adequate margin of available to perform on estimated daily :::! intake exceed the safety for the a safety evaluation intake () 

threshold for flavouring agent for substances with :b. 
human intake? or related substance? an estimated intake ~ 

exceeding the :b. 
threshold of concern? :a 

0 
sec-Butylamine 1584 13952-84-6 No N/R N/R See note 1 No safety concern ~ 

NH2 Europe: 2b (conditional) :::! 

"'-./~ USA: 2b () 
:b. 
iii: 
~ 

Pentylamine 1585 110-58-7 No N/R N/R See note 1 No safety concern m 
H2N~ 

Europe: 0.1b (conditional) :b. 
USA: 0.2b 

~ 
2-Methylbutylamine 1586 96-15-1 No N/R N/R See note 1 No safety concern :b. 

---c.NH2 Europe: 0.01 b (conditional) ~ 
USA: 0.02b m 

lsopentylamine 1587 107-85-7 No N/R N/R See note 1 No safety concern 

NH2 ~ 
~0. 

Europe: 28 

Hexylamine 1588 111-26-2 No N/R N/R See note 1 No safety concern 
Europe: 0.006b (conditional) 

H2N~ USA: 0.007b 

~ 



Table 1 (contd) to) 
to) 
c 

Flavouring agent No. CAS No. and Step A3/B3" Step B4 Are additional data Comments Conclusion based 
structure Does the estimated Adequate margin of available to perform on estimated daily 
intake exceed the safety for the a safety evaluation intake 

threshold for flavouring agent for substances with 
human intake? or related substance? an estimated intake 

exceeding the 
threshold of concern? 

1-Amino-2-propanol 1591 78-96-6 No N/R N/R See note 1 No safety concern 
Europe: ND (conditional) :to ~NH2 USA: 16b r-HO ;; 

( +1-)-N,N-Dimethyl- 1602 544714-08-1 No N/R N/R See notes 2 No safety concern ~ 
menthyl succinamide 

~o~-
Europe: 71 b and 3 (conditional) ::! 
USA: 88b 0 

:to 

~ 
:to 
::0 
0 

Trimethylamine 1610 75-50-3 No N/R N/R See note 4 No safety concern ~ I Europe: 153 
-N USA: 70 ::! 

0 \ :to 
::5:: 

Triethylamine 1611 121-44-8 No N/R N/R See note 4 No safety concern ~ 

'> 
Europe: 0.7b (conditional) m 
USA: 0.9b :to 

r'- ~ 
:to 

Tripropylamine 1612 102-69-2 No N/R N/R See note 4 No safety concern ~ ~~ Europe: 0.01 b (conditional} 

r USA: 0.02b m 



Table 1 (contd) :to r-

Flavouring agent No. CAS No. and StepA3/B3• Step 84 Are additional data Comments Conclusion based 
i5 
~ structure Does the estimated Adequate margin of available to perform on estimated daily ::! intake exceed the safety for the a safety evaluation intake () 

threshold for flavouring agent for substances with :to 
human intake? or related substance? an estimated intake ~ 

exceeding the :to 
threshold of concern? :n 

0 
Trimethylamine oxide 1614 1184-78-7 No N/R N/R See note 5 No safety concern ~ 

-rJ+-0-
Europe: 0.07" (conditional) ::! 
USA: o.ogt> () 

I :to s: 
Structural class 11 ~ 

Phenethylamine 1589 64-04-0 No N/R N/R See note 6 No safety concern m 
:to 

H2N~ 
Europe: ND ~ USA: 0.05 

:to 
~ 

2-(4-Hydroxyphenyl)- 1590 51-67-2 No N/R N/R See note 7 No safety concern 
I::J 

ethylamine H2N~ Europe: 0.01b (conditional) m 
~ b OH USA: 0.02b 

Butyramide 1593 541-35-5 No N/R N/R See notes 2 No safety concern 
0 Europe: 0.001b and 8 (conditional) 

~NH2 USA: 0.00~ 

1-Pyrroline 1603 5724-81-2 No N/R N/R See note 9 No safety concern 

0 
Europe: ND (conditional) 
USA: 0.4b 

t.) 
t.) .... 



Table 1 (contd) Co) 

~ 
Flavouring agent No. CAS No. and StepA3/B3• Step 84 Are additional data Comments Conclusion based 

structure Does the estimated Adequate margin of available to perform on estimated daily 
intake exceed the safety for the a safety evaluation intake 

threshold for flavouring agent for substances with 
human intake? or related substance? an estimated intake 

exceeding the 
threshold of concern? 

2-Acetyl-1-pyrroline 1604 99583-29-6 No N/R N/R See note 10 No safety concern 

CK Europe: 0.09" (conditional} )::. 
USA:0.1b r--'1:1 

2-Propionylpyrroline 1605 133447-37-7 No N/R N/R See note 10 No safety concern ~ 

cK 
Europe: 0.1 b (conditional) :::i 
USA: 0.2b C) 

)::. 

~ 
Piperidine 1607 110-89-4 No N/R N/R See note 11 No safety concern )::. 

OH Europe: 103 :JJ 
0 

USA: 96 ~ 
2-Methylpiperidine 1608 109-05-7 No N/R N/R See note 11 No safety concern :::i 

C) 

-D Europe: 0.001b (conditional) )::. 

USA: 0.002b ~ 
~ Pyrrolidine 1609 123-75-1 No N/R N/R See note 11 No safety concern (I) 

Ho Europe: 0.2 )::. 

USA: 2 ~ 
)::. 

~ 
m 



Table 1 (contd) :.::. 
r--

Flavouring agent No. CAS No. and Step A3/B3• Step 84 Are additional data Comments Conclusion based 
=ti 
~ structure Does the estimated Adequate margin of available to perform on estimated daily ::! intake exceed the safety for the a safety evaluation intake () 

threshold for flavouring agent for substances with :.::. 
human intake? or related substance? an estimated intake ~ exceeding the :.::. 

threshold of concern? ::tJ 
0 

Piperazine 1615 110-85-0 No N/R N/R See note 11 No safety concern ~ 
HN~ 

Europe: 0.001 b (conditional) ::! 
USA: 0.002b () 

l_-NH :.::. 
§; 

Structural class Ill m 
:.::. 

1 ,6-Hexalactam 1594 105-60-2 No Yes. The NOEL of See notes 2 No safety concern ~ 
Europe: 0.001 b 750 mg/kg bw per day and 8 (conditional) :.::. 

o={) USA: 0.002b (National Toxicology ~ 
Program, 1982) is at m least 2.5 x 101 0 times 
the estimated daily 
intake of 0.00002 
J.tg/kg bw in Europe 
and 0.00003J.tg/kg bw 
in the USA) from its 
proposed use as a 
flavouring agent. 



Table 1 (contd) t.) 
t.) 
-!:>. 

Flavouring agent No. CAS No. and StepA3/B3• Step 84 Are additional data Comments Conclusion based 
structure Does the estimated Adequate margin of available to perform on estimated daily 

intake exceed the safety for the a safety evaluation intake 
threshold for flavouring agent for substances with 
human intake? or related substance? an estimated intake 

exceeding the 
threshold of concern? 

2-lsopropyi-N,2,3- 1595 51115-67-4 Yes Yes. There is a 14-day See notes 2 No safety concern 
trimethylbutyramide H Europe: ND study in rats (Nixon & and 8 (conditional) /f< USA: 1054b Alden, 1978) and two ~ 

14-week studies in rats r-
(Pence, 1980a; Cheng, ii 
1982), as well as a study s 
of reproduction and tera- :::! 

togenicity in rats (Pence, 
C) 
~ 

1980b). The NOEL of 5 
~ mg/kg bw per day in 

these studies is 280 ~ 
:xJ 

times the estimated daily 0 
intake of 18 11g/kg bw from ~ its proposed use as a :::! 
flavouring agent in the USA. C) 

~ 
N-Ethyl (E)-2,(Z)-6- 1596 608514-56-3 No Yes. The NOEL of 572 See notes 2 No safety concern :5:: 
nonadienamide Europe: ND mg/kg bw per day for the and 8 (conditional) ~ 

~~ 
USA: 88b structurally related sub- m 

stance N-isobutyl-2,6,8- ~ 

H 
decatrienamide Moore, 2002) ~ is 600 000 times the esti- ~ 
intake of N-ethyi(E)-2,(Z)-

~ mated daily 6-nonadiena-
mide of 1 11g/kg bw from m 
its proposed use as a 
flavouring agent in the USA. 



Table 1 (contd) 

Flavouring agent No. CAS No. and Step A3/B3• 
structure Does the estimated 
intake exceed the 

threshold for 
human intake? 

N-Cyclopropyl (E)-2, 1597 608514-55-2 No 
(Z)-6-nonadienamide 

A__N~ 
H 

N-lsobutyl (E, E)-2,4- 1598 18836-52-7 
decadienamide 

Europe: ND 
USA: 40b 

No 
Europe: 67b 
USA: 83b 

Step 84 
Adequate margin of 
safety for the 
flavouring agent 

Are additional data Comments 
available to perform 

Conclusion based 
on estimated daily 
intake a safety evaluation 

for substances with 
or related substance? an estimated intake 

exceeding the 
threshold of concern? 

Yes. The NOEL of 572 
mg/kg bw per day for the 
structurally related sub
stance N-isobutyl-2,6,8-
decatrienamide (Moore, 
2002) is > 800 000 times 
the estimated daily intake 
of N-cyclopropyi-(E)-2,(Z)-
6-nonadienamide of 0.7 
J..Lg/kg bw from its propo
sed use as a flavouring 
agent in the USA. 

Yes. The NOEL of 572 
mg/kg bw per day for the 
structurally related sub
stance N-isobutyl-2,6,8-
decatrienamide (Moore, 
2002) is at least 600 000 
times the estimated daily 
intake of N-isobutyi-(E,E)-
2,4-decadienamide of 
1 J..Lg/kg bw from its pro
posed use as a flavouring 
agent in Europe and the 
USA. 

See notes 2 No safety concern 
and 8 (conditional) 

See notes 2 No safety concern 
and 8 (conditional) 



Table 1 ( contd) 

Flavouring agent No. CAS No. and 
structure 

Nonanoyl 4-hydroxy- 1599 2444-46-4 
3-methoxybenzylamide 

~~H 

Piperine 1600 94-62-2 

0 

0~ 

StepA3/B3• 
Does the estimated 
intake exceed the 
threshold for 
human intake? 

No 
Europe: 7 
USA: 0.07" 

No 
Europe: 23 
USA: 0.07 

Step 84 
Adequate margin of 
safety for the 
flavouring agent 
or related substance? 

Yes. The NOEL of 8.4 
mg/kg bw per day 
(Posternak et al., 1969) 

Are additional data 
available to perform 
a safety evaluation 
for substances with 
an estimated intake 
exceeding the 
threshold of concern? 

is at least 70 000 times 
the estimated daily intake 
from its reported use as a 
flavouring agent in Europe 
(0.12!lg/kg bw) and 
8 400 000 times that in 
the USA (0.001 11g/kg bw). 

Comments Conclusion based 
on estimated daily 
intake 

See note 12 No safety concern 

Yes. The NOEL of 20 
mg/kg bw per day (Bhat 

See note 13 No safety concern 

& Chandrasekhara, 1986b) 
is 50 000 times the estima
ted daily intake from its 
reported use as a flavouring 
agent in Europe (0.4!!g/kg 
bw) and 20 000 000 times 
that in the USA (0.001 
11g/kg bw). 



Table 1 (contd) 

Flavouring agent 

N-Ethyl-2-isopropyl-
5-methylcyclohexane
carboxamide 

No. CAS No. and 
structure 

1601 39711-79-0 

H 

ff 

Step A3/B3• 
Does the estimated 
intake exceed the 
threshold for 
human intake? 

Yes 
Europe: 0.5 
USA: 127 

Step 84 
Adequate margin of 
safety for the 
flavouring agent 

Are additional data Comments 
available to perform 
a safety evaluation 
for substances with 

or related substance? an estimated intake 
exceeding the 
threshold of concern? 

Yes. There is a 28-day 
(Miyata, 1995) and a 22-
week study in rats (Hunter 
et al., 1975) and a 28-day 
and a 52-week study in 
dogs (James, 1974). The 
NOEL of 8 mg/kg bw per 
day in the studies in rats 
(Miyata, 1995) is 1 000 000 
times the estimated daily 
intake of N-ethyl 2-isopropyl-
5-methylcyclohexanecar
boxamide from its reported 
use as a flavouring agent in 
Europe (0.008 11g/kg bw) 
and 4000 times that in the 
USA (21lg/kg bw). 

See notes 
2 and 8 

Conclusion based 
on estimated daily 
intake 

No safety concern 



Table 1 (contd) 

Flavouring agent 

lsopentylidene iso
pentylamine 

N, N-Dimethylphen
ethylamine 

No. CAS No. and Step A3/83" 
structure Does the estimated 
intake exceed the 

threshold for 
human intake? 

1606 35448-31-8 No 

1613 19342-01-9 

Europe: O.OQ9b 
USA: 0.01b 

No 
Europe: O.Qb 
USA: O.Q9b 

Step 84 
Adequate margin of 
safety for the 
flavouring agent 

Are additional data Comments 
available to perform 

Conclusion based 
on estimated daily 
intake a safety evaluation 

for substances with 
or related substance? an estimated intake 

exceeding the 
threshold of concern? 

Yes. The NOEL of 115 
mg/kg bw per day for the 
related substance sec-butyl
amine (No. 1584) (Gage, 
1970) is at least 5. 75 x 1 08 

times the estimated daily 
intake of isopentylidene 
isopentylamine from its 
proposed use as a flavouring 
agent in Europe (0.0001 J.Lg/ 
kg bw) and in the USA 
(0.0002 J.Lg/kg bw). 

Yes. The NOEL of 120 mg/kg 
bw per day) for the related 
substance phenethyl alcohol 
(No. 987) (Lynch et al., 1990) 
is at least 1 x 108 times the 
estimated daily intake of N,N
dimethylphenethylamine from 
its proposed use as a 
flavouring agent in Europe 
and the USA (0.001 J.Lg/kg bw) 

See note 14 No safety concern 
(conditional) 

See note 4 No safety concern 
(conditional) 



Table 1 (contd) 

CAS, Chemical Abstracts Service; NO, no intake data reported; N/R, not required for evaluation because consumption of the substance was 
determined to be of no safety concern at Step A3 of the Procedure. 
Step 1: Sixteen flavouring agents in this group are in structural class I, 11 are in structural class 11 and 10 are in structural class Ill (Cramer et al., 
1978). 
Step 2: Twenty-seven of the agents in this group (Nos 1579-1593, 1602-1605, 1607-1612, 1614 and 1615) are expected to be metabolized to 
innocuous products. The remaining 10 agents (Nos 1594-1601, 1606 and 1613) are not expected to be metabolized to innocuous agents. 

• The thresholds for human intake of structural classes I, 11 and Ill are 1800, 540 and 90 11g/person per day, respectively. All intake values are 
expressed in 11g/person per day. The combined per capita intakes of the flavouring agents in structural class I is 359 11g/person per day in Europe 
and 178 11g/person per day in the USA, that of the flavouring agents in structural class 11 is 1 03 11g/person per day in Europe and 99 11g/person per 
day in the USA, and that of the flavouring agents in structural class Ill is 98 11g/person per day in Europe and 1392 11g per day in the USA. 

b Intake estimate based on anticipated annual volume of production 

Notes: 
1. Aliphatic primary amines readily undergo oxidative deamination, and the resulting aldehydes and ketones enter existing pathways of metabolism 

and excretion. 
2. Am ides undergo limited hydrolysis with the corresponding ammonium ion or amines and enter known pathways of metabolism and excretion. 
3. Anticipated to undergo hydrolysis at the ester moiety, followed by conjugate formation and subsequent elimination in the urine. 
4. Tertiary amines primarily undergo N-oxidation to form the corresponding N-oxide, which is readily excreted in the urine. 
5. Trimethylamine oxide is expected to be readily excreted in the urine. 
6. Phenethylamine undergoes oxidative deamination and further oxidation to form phenylacetic acid, which is readily excreted in the urine in 

conjugate form. 
7. Tyramine undergoes rapid deamination by monoamine oxidase and is excreted as acidic metabolites. 
8. Amides are expected to undergo oxidation and enter known pathways of metabolism. 
9. Pyrroline, an imine, is anticipated to undergo hydrolysis to the corresponding iminoketone, which will be reduced to the corresponding alcohol. 
10. The ketone moiety can be anticipated to be reduced to the corresponding alcohol, which will form glucuronic acid conjugates, which are excreted 

in the urine. 
11. Alicyclic amines undergo both N- and C-oxidation, followed by excretion of the polar metabolites in the urine. 
12. This phenolic substance is anticipated readily to form glucuronic acid conjugates, which are excreted in the urine. 
13. Hydrolysis of the amide group of piperine and subsequent oxidation of metabolites to form conjugates of piperonylic acid and vanillic acid are 

expected. 
14. This imine is expected to undergo hydrolysis to form isoamylamine and isoamyl aldehyde, which will enter known pathways of metabolism and 

excretion. 
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Flavouring Agents (see Figure 1, p. 170). None of these flavouring agents has been 
evaluated previously by the Committee. 

The Committee noted that the available data on one of the compounds in the 
group, acetamide (No. 1592), indicated that it was clearly carcinogenic in both mice 
and rats; although the mechanism of tumour formation is unknown, the possibility of 
a genotoxic mechanism cannot be discounted. The Committee considered it 
inappropriate for such a compound to be used as a flavouring agent or for any other 
food additive purpose, and agreed that acetamide would not be evaluated according 
to the Procedure. 

Twenty-eight of the 36 remaining flavouring agents (Nos 1579-1591, 1593, 
1598, 1600, 1603, 1604 and 1607-1615) have been reported to occur naturally in 
various foods. They have been detected in apple, banana, cabbage, carrot, lettuce, 
rutabaga, tomato, radish, sweet corn, potato, kale, celery, cauliflower, beetroot, 
rhubarb, sauerkraut, jackfruit, truffle, pepper, laurel, garlic, blue cheeses, Cheddar, 
Swiss, Camembert, Limburger, Manchengo, provolone, Russian and Tilset cheeses, 
caviar, fatty fish (raw, smoked, tinned or salted), lean fish (raw, processed or cooked), 
clam, squid, shrimp, oyster, crab, scallop, beef, pork, chicken, mutton, beer, red and 
white wine, sherry, sake, cider, cocoa, coffee, black and green tea, barley, oats, 
popcorn, rice, and wheat and rye breads (Nijssen et al., 2003). 

1.2 Estimated daily per capita exposure 

Annual volumes of production were reported for nine of the 36 flavouring 
agents in this group (Nos 1582, 1587, 1589, 1599-1601, 1607, 1609 and 1610). 
For the remaining 27 substances, anticipated annual volumes were given for their 
proposed use as flavouring agents. The total reported and anticipated annual volume 
of the 36 aliphatic and aromatic amines and amides is about 3900 kg in Europe 
(International Organization of the Flavor Industry, 1995) and 9900 kg in the USA 
(Lucas et al., 1999). About 64% of the total reported and anticipated annual volume 
in Europe is accounted for by butylamine (No. 1582), piperidine (No. 1607) and 
trimethylamine (No. 161 0), and about 78% in the USA is accounted for by 2-isopropyi
N-2,3-trimethylbutyramide (No. 1595), N-ethyl-2-isopropyl-5-methylcyclohexane 
carboxamide (No. 1601) and piperidine (No. 1607). The estimated per capita 
exposure in Europe to butylamine, piperidine and trimethylamine is about 100, 100 
and 150 11g/person per day, respectively. The estimated per capita exposure in the 
USA to 2-isopropyi-N,2,3-trimethylbutyramide, N-ethyl-2-isopropyl-5-methylcyclo
hexanecarboxamide and piperidine is 1 054, 127 and 96 11g/day, respectively. The 
estimated per capita exposure to all the other flavouring agents in the group is 
0.001-71 11g/day in Europe and 0.002-88 11g/person per day in the USA (International 
Organization of the Flavor Industry, 1995; Lucas et al., 1999), most of the values 
being at the lower end of the ranges. The estimated per capita exposure to each 
agent is reported in Table 2. 

1.3 Absorption, distribution, metabolism and elimination 

A number of the amines in this group are endogenous and have been identified 
as normal constituents of urine from healthy individuals, as a result of the catabolism 
of sarcosine, creatine and choline. These include trimethylamine (No. 161 0), 
ethylamine (No. 1579), isopentylamine (No. 1587), piperidine (No. 1607), pyrrolidine 
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Table 2. Annual volumes of production of aliphatic and aromatic amines and 
amides used or proposed tor use as flavouring agents in Europe and the USA 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day 11g/kg bw foods (kg)c 
volume (kg) per day 

Ethylamine (1579) 
Europe• 0.1 0.002 
USA• 0.2 0.003 + NA 

Propylamine (1580) 
Europe• 0.1 000 0.0002 
USA" 0.1 000 0.0003 + NA 

lsopropylamine (1581) 
Europe• 0.1 000 0.0002 
USA• 0.1 000 0.0003 + NA 

Butylamine (1582) 
Europe 727 104 2 
USA 0.1 000 0.0002 + NA 

lsobutylamine (1583) 
Europe• 0.5 000 0.001 
USA" 0.5 000 0.001 + NA 

sec-Butylamine (1584) 
Europe• 14 2 000 
USA• 14 2 000 + NA 

Pentylamine ( 1585) 
Europe• 1 0.1 0.002 
USA" 1 0.2 0.003 + NA 

2-Methylbutylamine (1586) 
Europe• 0.1 000 0.0002 
USA" 0.1 000 0.0003 + NA 

lsopentylamine (1587) 
Europe 198 28 0.5 
USA 0.5 000 0.001 1 505.0 3 010 

Hexylamine (1588) 
Europe• 0.04 0.006 0.0001 
USA• 0.04 0.007 0.0001 + NA 

Phenethylamine (1589) 
Europe ND ND ND 
USA 0.4 000 0.0009 23 045 57 613 

Tyramine (1590) 
Europe• 0.08 000 0.0002 
USA" 0.1 000 0.0002 + NA 
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Table 2 (contd) 

Agent (No.) Reported• I 
anticipated 
annual 
volume (kg) 

lntakeb Annual volume in Consumption 
naturally occurring ratiod 

IJ.g/day IJ.g/kg bw foods (kg)c 
per day 

1-Amino-2-propanol (1591) 
Europe ND ND ND 
USA• 90 16 0.3 

Butyramide (1593) 
Europe• 0.01 0.001 0.00002 
USA" 0.01 0.002 0.00003 

1 ,6-Hexalactam (1594) 
Europe• 0.01 0.001 0.00002 
USA• 0.01 0.002 0.00003 

2-lsopropyi-N,2,3-trimethylbutyramide (1595) 
Europe ND ND ND 
USA" 6000 1054 18 

MEthyl (E)-2,(Z)-6-nonadienamide (1596) 
Europe ND ND ND 
USA" 500 88 

N-Cyclopropyl (E)-2,(Z)-6-nonadienamide (1597) 
Europe ND ND ND 
USA• 225 40 0.7 

N-lsobutyl (E,E)-2,4-decadienamide (1598) 
Europe• 470 67 
USA" 470 83 

Nonanoyl 4-hydroxy-3-methoxybenzylamide (1599) 
Europe 49 7 0.12 
USA• 0.5 000 0.001 

Piperine (1600) 
Europe 
USA 

162 
0.5 

23 
000 

0.4 
0.001 

+ 

+ 

+ 

1 762 030 

N-Ethyl-2-isopropyl-5-methylcyclohexanecarboxamide (1601) 
Europe 3.3 0.5 0.008 
USA 962 127 2 

(±)-N,N-Dimethyl menthyl succinamide (1602) 
Europe• 500 71 1 
USA" 500 88 1 

1-Pyrroline (1603) 
Europe ND 
USA• 2 

ND 
0.4 

ND 
0.006 + 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3 524 060 

NA 

NA 

NA 
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Table 2 (contd) 

Agent (No.) Reported• I lntakeb Annual volume in Consumption 
anticipated naturally occurring ratiod 
annual 11g/day 11glkg bw foods (kg)c 
volume (kg) per day 

2-Acetyl-1-pyrroline (1604) 
Europe• 0.6 000 0.001 
USA• 0.6 0.1 0.002 + NA 

2-Propionylpyrroline (1605) 
Europe• 1 0.1 0.002 
USA• 1 0.2 0.003 NA 

lsopentylidene isopentylamine (1606) 
Europe• 0.06 0.009 0.0001 
USN 0.06 000 0.0002 NA 

Piperidine (1607) 
Europe 720 103 2 
USA 730 96 2 1 115 2 

2-Methylpiperidine (1608) 
Europe• 0.01 0.001 0.00002 
USN 0.01 0.002 0.00003 + NA 

Pyrrolidine (1609) 
Europe 0.1 0.002 
USA 13 2 000 6 693 515 

Trimethylamine (1610) 
Europe 1074 153 3 
USA 395 52 1 185 0.5 

Triethylamine (1611) 
Europe• 5 0.7 000 
USA• 5 0.9 000 + NA 

Tripropylamine (1612) 
Europe• 0.1 000 0.0002 
USA• 0.1 000 0.0003 + NA 

N,N-Dimethylphenethylamine (1613) 
Europe• 0.5 000 0.001 
USN 0.5 000 0.001 + NA 

Trimethylamine oxide (1614) 
Europe• 0.5 000 0.001 
USN 0.5 000 0.001 + NA 

Piperazine (1615) 
Europe• 0.01 0.001 0.00002 
USA• 0.01 0.002 0.00003 + NA 
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Table 2 (contd) 

Agent (No.) 

Total 

Reported• I 
anticipated 
annual 
volume (kg) 

Europe 3 929 
USA 9 914 

lntaket Annual volume in Consumption 
naturally occurring ratioct 

11g/day 11g/kg bw foods (kg)c 
per day 

NA, not available; ND, no intake data reported; +, reported to occur naturally in foods 
(Nijssen et al., 2003), but no quantitative data; -, not reported to occur naturally in foods 
• From International Organization of the Flavour Industry (1995) and Lucas et al. (1999). 
t Intake (11g/person per day) calculated as follows: 

[[(annual volume, kg) x (1 x 109 11g/kg)]/[population x survey correction factor x 365 days]], 
where population (1 0%, 'eaters only') = 32 x 1 os for Europe and 26 x 1 os for the USA; 
where survey correction factor= 0.6 for Europe and the USA (National Academy of 
Sciences surveys and anticipated annual volumes) and 0.8 for the survey of Lucas et al., 
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) or in the anticipated annual volume. 
Intake (11g/kg bw per day) calculated as follows: 
[(11g/person per day)/bw], where body weight= 60 kg. Slight variations may occur from 
rounding. 

c Quantitative data for the USA reported by Stofberg and Grundschober (1987). 
ct The consumption ratio is calculated as follows: 

(annual consumption from food, kg)/(most recent reported volume as a flavouring 
substance, kg) 
The volume cited is the anticipated annual volume, which is the maximum amount of 
flavour estimated to be used annually by the manufacturer at the time the material was 
proposed for flavour use. 

(No. 1609), phenethylamine (No. 1589) and trimethylamine oxide (No. 1614) 
(Rechenberger, 1940; Wranne, 1956; Williams, 1959; Ayesh et al., 1993; Zhang et 
al., 1993). 

Aliphatic amines are metabolized primarily by flavin-containing 
monooxygenases, monoamine oxidases or amine oxidases by a process known as 
oxidative deamination. The initial step is hydroxylation of the carbon adjacent to the 
nitrogen ( C-oxidation), followed by formation of an imine, with concomitant reduction 
of molecular oxygen to hydrogen peroxide. The resulting imine is rapidly hydrolysed 
to the corresponding aldehyde, which is oxidized to the corresponding carboxylic 
acid. Representative primary aliphatic and aromatic amines in this group are readily 
absorbed and rapidly metabolized to carboxylic acids, which are excreted in the 
urine. 

Alicyclic secondary amines (Nos 1607-1609 and 1615) also undergo C
oxidation at the a-carbon, but oxidation can also occur at other carbons on the ring. 
The alicyclic imines in this group (Nos 1603-1606) are readily absorbed and rapidly 
hydrolysed in aqueous solution to yield the corresponding aminoaldehyde or 
iminoketone, both of which are further metabolized. 
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Primary, secondary and tertiary amines can also undergo N-oxidation by 
cytochrome P450 enzymes. Primary aliphatic amines with an accessible a-substituted 
carbon atom can be N-oxidized to nitroso groups and subsequently to oximes, which 
are labile and readily hydrolysed. Secondary amines can be N-oxidized to reactive 
hydroxylamines, which are further oxidized to form nitrones, which are readily 
hydrolysed. For tertiary amines, N-o xi dation by flavin-dependent monooxygenases 
is the primary route of metabolism, resulting in the formation of stable N-oxides. 

Tertiary aliphatic amines can also be metabolized by C-oxidation, leading to 
dealkylation and formation of the corresponding primary and secondary amines 
and an aliphatic aldehyde or ketone. 

The aliphatic amides in this group are reported to undergo limited hydrolysis, 
the extent of which depends to some extent on the chain length. They are well 
absorbed and metabolized to polar metabolites, although there are limited data on 
the actual metabolic routes of the am ides in this group; a variety of polar metabolites 
are detected in the urine of animals after an oral dose. 

The available data on the aliphatic and aromatic amines in this group indicate 
that they are likely to be rapidly absorbed in the gastrointestinal tract and transformed 
by well-understood metabolic pathways to polar metabolites, which are rapidly 
eliminated in the urine. The information on the amides in this group is more limited. 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

In applying the Procedure to flavouring agents for which both a reported and 
an anticipated volume of production were given, the Committee based its evaluation 
on the reported volume of production if the exposure estimated from it exceeded the 
exposure estimated from the anticipated volume of production and applied no 
conditions to its decision on safety. If the exposure estimated from the anticipated 
volume of production exceeded the exposure estimated from the reported volume 
of production, the Committee based its evaluation on the anticipated volume of 
production but considered its decision on safety to be 'conditional', pending receipt 
of information on use levels or poundage data by December 2007. In applying the 
procedure to flavouring agents for which only anticipated volumes of production 
were given, the decision was likewise made conditional. 

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring Agents 
to these flavouring agents, the Committee assigned 16 agents (Nos 1579-
1588,1591,1602, 161Q-1612and1614)tostructuralclassl, 10flavouring 
agents (Nos 1589, 1590, 1593, 1603-1605, 1607-1609 and 1615) to 
structural class 11 and the remaining 10 flavouring agents (Nos 1594-
1601, 1606 and 1613) to structural class Ill. 

Step 2. Twenty-six flavouring agents in this group, namely all those in structural 
classes I and 11 (Nos 1579-1591, 1593, 1602-1605, 1607-1612, 1614 
and 1615), are predicted to be metabolized to innocuous products. The 
evaluation of these agents therefore proceeded via the A-side of the 
procedure. For the 10 flavouring agents in structural class Ill, namely the 
medium chain saturated and unsaturated aliphatic and alicyclic amides 
(Nos 1594-1601 and 1606) and N,N-dimethylphenethylamine (No. 1613), 
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limited metabolic data were available, and evaluation of these agents 
therefore proceeded via the 8-side of the procedure. 

Step A3. The estimated daily per capita exposure to all 16 flavouring agents in 
structural class I is below the threshold of concern (1800 11g/day for class 
1). Three of these 16 substances (Nos 1582, 1587 and 161 0) are reported 
to be used as flavouring agents, and, according to the Procedure, use of 
these three agents and their estimated current intakes raise no safety 
concern. The other 13 substances (Nos 1579-1581, 1583-1586, 1588-
1602 and 1611-1614) are proposed for use as flavouring agents. Although, 
according to the Procedure, use of these 13 agents raises no safety 
concern at the exposure estimated from anticipated volumes of production, 
less uncertain estimates are needed. The estimated per capita exposure 
to all 1 0 flavouring agents in structural class 11 is below the threshold of 
concern (540 11g/day). Three of these 10 substances (Nos 1589, 1607 
and 1609) are reported to be used as flavouring agents, and, according 
to the Procedure, their use raises no safety concern at the estimated 
current exposure. The other seven substances (Nos 1590, 1593, 1603-
1605, 1608 and 1615) are proposed for use as flavouring agents. Although, 
according to the Procedure, use of these seven agents raises no safety 
concern at the intakes estimated from anticipated volumes of production, 
less uncertain exposure estimates are needed. 

Step 83. The estimated per capita exposure to eight of the flavouring agents in 
structural class Ill (Nos 1594, 1596-1600, 1606 and 1613) is below the 
threshold of concern (90 11g/day). One of these substances (No. 1600) is 
reported to be used as a flavouring agent in Europe and the USA, one 
(No. 1599) is reported to be used in Europe and to be proposed for use in 
the USA, and six (Nos 1594, 1596-1598, 1606 and 1613) are proposed 
for use in both regions. For those seven substances proposed for use in 
one or more regions (Nos 1594, 1596-1599, 1606 and 1613), less 
uncertain exposure estimates are needed. In accordance with the 
Procedure, evaluation of these eight flavouring agents proceeded to Step 
84. The per capita exposure in the USA of the two remaining flavouring 
agents in structural class Ill, 2-isopropyi-N-2,3-trimethyl-butyramide (No. 
1595; intake, 1 0541-!g/day) and N-ethyl-2-isopropyl-5-methylcyclohexane 
carboxamide (No. 1601; intake, 127 11g/day), exceeds the threshold of 
concern for their class. In accordance with the Procedure, data must be 
available on these substances or closely related substances for an 
evaluation of safety. For No. 1595, which is proposed for use as a 
flavouring agent, a less uncertain exposure estimate is needed. 

Step 84. The NOEL of 750 mg/kg bw per day for 1 ,6-hexalactam (No. 1594) 
(National Toxicology Program, 1982) is at least 2.5 x 1010 times higher 
than the estimated intake from its proposed use as a flavouring agent in 
Europe (0.00002 11g/kg bw per day) and in the USA (0.00003 11g/kg bw 
per day). 

The NOEL of 572 mg/kg bw per day for the structurally related substance, 
N-isobutyl-2,6,8-decatrienamide (Moore, 2002), is applicable to N-ethyi
(E)-2,(Z)-6-nonadienamide (No. 1596), to N-cyclopropyi-(E)-2-(Z)-6-
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nonadienamide (No. 1597) and to N-isobutyi-(E,E)-2,4-decadienamide 
(No. 1598), as they follow similar pathways of metabolism. This NOEL is 
600 000 times the estimated intake of JV.ethyi-(E)-2-(Z)-6-nonadienamide 
(No. 1596) from its proposed use as a flavouring agent in the USA (1 1-1g/kg 
bw per day) is also more than 800 000 times the estimated intake of N
cyclopropyi-(E)-2-(Z)-6-nonadienamide (No. 1597) from its proposed use 
as flavouring agent in the USA (0.7!-lg/kg bw per day) and at least 600 000 
times the estimated intake of N-isobutyi-(E,E)-2,4-decadienamide (No. 
1598) from its proposed use as flavouring agent in Europe and in the 
USA (both 1 1-1g/kg bw per day). 

The NOEL of 8.4 mg/kg bw per day for nonanoyl 4-hydroxy-3-methoxy
benzylamide (No. 1599) (Posternak et al., 1969) is 70 000 times the 
estimated intake from its proposed use as a flavouring agent in Europe 
(0.121-lg/kg bw per day) and 8 400 000 times that in the USA (0.001 1-1g/kg 
bw per day). 

The NOEL of 20 mg/kg bw per day for piperine (No. 1600) (Bhat & 
Chandrasekhara, 1986b) is 50 000 times the estimated intake of piperine 
from its reported use as a flavouring agent in Europe (0.4 1-1g/kg bw per 
day) and 20 000 000 times that in the USA (0.001 1-1g/kg bw per day). 

The NOEL of 115 mg/kg bw per day for the structurally related substance 
sec-butylamine (No. 1584) (Gage, 1970) is applicable to isopentylidene 
isopentylamine (No. 1606) and is at least 5.75 x 1 os times the estimated 
intake of isopentylidene isopentylamine from its proposed use as 
flavouring agent in Europe (0.0001 1-1g/kg bw per day) and in the USA 
(0.0002 1-1g/kg bw per day). 

The NOEL of 120 mg/kg bw per day for the related substance phenethyl 
alcohol (No. 987) (Lynch et al., 1990) is applicable to N,N-dimethylphen
ethylamine (No. 1613) and is at least 1.2 x 1 os times the estimated intake 
of N,N-dimethylphenethylamine from its proposed use as flavouring agent 
in Europe (0.001 1-1g/kg bw per day) and in the USA (0.001 1-1g/kg bw per 
day). 

The Committee concluded that the margin between the estimated current 
intake of piperine (No. 1600), which is reported to be used as a flavouring agent, 
and the NOEL for this agent was adequate, and its use would not present a safety 
concern. The Committee also concluded that the margins between the estimated 
exposure to the other seven agents proposed for use as flavouring agents in one or 
more regions (Nos 1594, 1596-1599, 1606 and 1613) based on the anticipated 
annual volumes of production, and the NOELs for these agents were adequate. 
Although their use would raise no safety concern at the estimated exposure, less 
uncertain estimates are needed. 

1.5 Consideration of flavouring agents with high exposure evaluated on 
the 8-side of the Procedure 

In accordance with the Procedure, more data on toxicity were considered to 
evaluate the safety of 2-isopropyl-N-2,3-trimethylbutyramide (No. 1595) and N-ethyl-
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2-isopropyl-5-methylcyclohexanecarboxamide (No. 1601 ), as the estimated intake 
levels from proposed use (No. 1595) and reported use (No. 1601) as flavouring 
agents were determined to exceed the threshold of concern for structural class Ill 
(90 ~g/person per day). 

The results of three studies in Sprague-Dawley (CD®) rats treated by gavage 
were available on 2-isopropyi-N-2,3-trimethylbutyramide: a 14-day study in groups 
of six rats of each sex at a dose of 0, 5, 25 or 50 mg/kg bw in corn oil twice daily 
(Nixon & Alden, 1978); a 14-week study in groups of 30 rats of each sex at a dose of 
0, 10, 50 or 1 00 mg/kg bw in corn oil once daily (Pence, 1980a); and a 14-week 
study in groups of 30 rats of each sex at a dose of 0, 1, 2, 5, 10 or 50 mg/kg bw in 
corn oil once daily (Cheng, 1982). The studies showed treatment-related hepatic 
and renal toxicity at doses of 10 mg/kg bw and higher. The NOEL was 5 mg/kg bw 
per day, on the basis of histopathological lesions in the kidneys of male rats in the 
14-week study (Cheng, 1982). A study of reproductive and teratogenic toxicity in 
rats at a dose of 0, 10, 50 or 1 00 mg/kg bw showed no reproductive effects or fetal 
abnormalities. The NOEL of 5 mg/kg bw per day is 280 times the estimated daily 
intake of 2-isopropyi-N-2,3-trimethylbutyramide when used as a flavouring agent in 
the USA (18 ~g/kg bw per day). 

Two studies were conducted on N-ethyl-2-isopropyl-5-methylcyclohexane
carboxamide in rats treated by gavage: a 28-day study in groups of six Crj:CD(SD) 
rats of each sex at a dose of 0, 8, 40, 200 or 1000 mg/kg bw per day (Miyata, 1995) 
and a 22-week study in groups of 15 Sprague-Dawley (CFY) rats of each sex at a 
dose of 0, 100, 300 or 725 mg/kg bw per day (Hunter et al., 1974). Mild toxicity in the 
liver and kidneys was observed at doses of 40 mg/kg bw and above. Two further 
studies were conducted in beagle dogs given gelatine capsules: a 28-day study in 
groups of one male and one female given a dose of 0, 600, 1 000 or 1500 mg/kg bw 
per day and a 52-week study in groups of three animals of each sex given a dose of 
0, 100, 300 or 1000 mg/kg bw per day (James, 1974). These studies showed mild 
toxic effects in the liver at all doses. The NOEL of 8 mg/kg bw per day in these 
studies is 1 000 000 times the estimated daily intake of N-ethyl-2-isopropyl-5-
methylcyclohexanecarboxamide when used as a flavouring agent in Europe 
(0.008 ~g/kg bw per day) and 4000 times that in the USA (2 ~g/kg bw per day). 

The additional toxicity data indicate that 2-isopropyi-N-2,3-trimethylbutyramide 
(No. 1595} and N-ethyl-2-isopropyl-5-methylcyclohexanecarboxamide (No. 1601) 
would not be expected to raise safety concerns at their estimated levels of intake 
when used as flavouring agents. For one of these agents (No. 1595), however, less 
uncertain exposure estimates are needed, as the existing estimate was based on 
anticipated pundage. 

The stepwise evaluation of the 36 aliphatic and aromatic amines and am ides 
evaluated according to the Procedure is summarized in Table 1. 

1.6 Consideration of secondary components 

One member of this group of flavouring agents, isopentylidene isopentylamine 
(No. 1606}, has an assay value of < 95%. One of its secondary components, 3-
methylbutyraldehyde (No. 258), was evaluated by the Committee at its forty-ninth 
meeting (Annex 1, reference 131) and considered to be of no concern at estimated 
levels of intake. The other secondary component, diisopentylamine, has not been 
evaluated by the Committee; however, it is structurally related to the primary and 
secondary amines that were evaluated in this group of flavouring agents and is 
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expected to have the same metabolic fate. These amines are primarily oxidized to 
imines by flavin-containing monooxygenases, monoamine oxidases or amine 
oxidases, and the resulting imine can be further oxidized to produce the corresponding 
aldehyde and ammonia (Kearney et al., 1971 ). Moreover, the NOELs for the 
structurally related compounds piperidine (No. 1607) and trimethylamine (No. 161 0) 
are 80 and 160 mg/kg bw per day, respectively (Amoore et al., 1978). On this basis, 
diisopentylamine was considered not to present a safety concern at estimated levels 
of intake. The Committee also concluded that the flavouring agent as specified would 
not present a saftey concern at the estimated levels of exposure. 

1.7 Consideration of combined exposure from use as flavouring agents 

In the unlikely event that all16 agents in structural class I were to be consumed 
concurrently on a daily basis, the estimated combined exposure would not exceed 
the human threshold for class I (1800 J..Lg/person per day). Likewise, in the unlikely 
event that all 1 0 agents in structural class 11 were to be consumed concurrently on a 
daily basis, the estimated combined exposure would not exceed the human threshold 
for class 11 (540 J..Lg/person per day). In the unlikely event that all1 0 agents in structural 
class Ill were to be consumed concurrently on a daily basis, the estimated combined 
exposure would exceed the human threshold for class Ill (90 J..Lg/person per day); 
however, the toxicity data for these substances adequately support their safety at 
the exposure levels estimated from their use as flavouring agents. Overall evaluation 
of the data indicates that combined exposure would not raise safety concerns. 

1. 7 Conclusions 

On the basis of the available data on the toxicity of acetamide (No. 1592), 
the Committee concluded that its use as a flavouring agent or for any other food 
additive purpose would be inappropriate, and it was therefore not evaluated by the 
Procedure. 

The Committee concluded that use of the remaining 36 flavouring agents in 
this group of aliphatic and aromatic amines and amides would not present a safety 
concern at the estimated intakes. For 27 flavouring agents (Nos 1579-1581, 1583-
1586, 1588, 1590-1591, 1593-1598, 1602-1606, 1608 and 1611-1615), the 
evaluation was conditional because the intake was estimated on the basis of an 
anticipated annual volume of production. The conclusions of the safety evaluations 
of these 27 flavouring agents will be revoked if use levels or poundage data are not 
provided before December 2007. The Committee noted that the available data on 
the toxicity and metabolism of these aliphatic and aromatic amines and amides 
were consistent with the results of the safety evaluations. 

2. RELEVANT BACKGROUND INFORMATION 

2.1 Explanation 

This monograph summarizes the key background data relevant to evaluation 
of the 37 flavouring agents in this group. The group comprises 13 primary aliphatic 
and aromatic amines (Nos 1579-1591), five tertiary aliphatic amines (Nos 1610-
1614), four alicyclic amines (Nos 1607-1609 and 1615), four aliphatic and alicyclic 
imines (Nos 1603-1606) and 11 amides (Nos 1592-1602). 
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2.2 Additional considerations on exposure 

The 13 primary aliphatic and aromatic amines (Nos 1579-1591) and three 
tertiary aliphatic and aromatic amines (Nos 1610-1612) in this group occur naturally, 
mainly in varieties of cheese, red and white wine, coffee and tea, fish, and selected 
vegetables, mainly cabbage and radishes (Nijssen et al., 2003). The concentrations 
of these amines in cheeses are usually in the range 0.1-1 ppm but can be as high 
as 169 ppm (phenethylamine). In white and red wine, the concentrations range 
from 2 to 10 ppm for ethylamine to < 0.01 ppm for butylamine; the highest levels 
have been recorded for phenethylamine (1 0.4 ppm in white wine and 72 ppm in red 
wine). Another biogenic amine, tyramine (No. 1590}, and methylated derivatives 
are present in cheese, yeast products, fermented foods, beer, wine, pickled herring, 
snails, chicken liver, broad beans, chocolate and cream products (Lovenberg, 1973). 

The tertiary amines (Nos 161 Q-1614) triethylamine (No. 1611) and tripropyl
amine (No. 1612) are distributed in cheese, fish, wine, coffee and tea, while the 
highest concentrations of trimethylamine (No. 161 0) (680 ppm) and trimethyl-amine 
oxide (No. 1614) (10 770 ppm) are found in fish, mainly fatty fish. N,N-Dimethyl
phenethylamine (No. 1613) has been measured in shrimp. 

Of the alicylic amines in this group (Nos 1607-1609 and 1615), piperidine 
(No. 1607) and pyrrolidine (No. 1609} are found in cheese, fish, wine and coffee at 
levels up to 20 ppm. 2-Methylpiperidine (No. 1608) and piperazine (No. 1615) have 
been detected in fish and sherry, respectively. 

The aliphatic and alicylic imines (Nos 1603-1606) also occur naturally in 
food but to a lesser extent. 1-Pyrroline (No. 1603) occurs in clams and mussels, and 
2-acetyl-1-pyrroline (No. 1604) has been detected in rice, beef, chicken and bread. 
Of the 11 amides in the group (Nos 1592-1602), acetamide (No. 1592) and 
butyramide (No. 1593} have been detected in various cheeses and in cocoa, while 
two other amides, N-isobutyi-(E,E)-decadienamide (No. 1598) and piperine (No. 
1600}, occur in black pepper, the levels of piperine reaching 62 000 ppm. 

Quantitative data on natural occurrence and consumption ratios have been 
reported for six agents in this group. They indicate that exposure occurs predomi
nantly from consumption of traditional foods (i.e. consumption ratio> 1) (Stofberg & 
Kirschman, 1985; Stofberg & Grundschober, 1987). Production volumes and intake 
values for each flavouring agent in this group are shown in Table 2. 

Most aliphatic and alicyclic amines are distinctly malodorous, usually with a 
fishy odour. As they are weak bases (pKa 9.8-11), they rapidly saturate receptors 
and cause olfactory fatigue. Although most amines are readily detectable at< 10 ppm, 
the aroma becomes stronger at 1 Q-1 00 pp m and becomes intolerable at> 1 00 ppm. 
The bite in red wine, cheeses and radishes is partly due to the presence of amines 
at concentrations of 5-70 ppm (Schweizer et al., 1978). 

2.3 Biological data 

2.3.1 Biochemical data 

(a) Absorption, distribution, and excretion 

Aliphatic and aromatic primary amines 

Many amines are endogenous and have been identified as normal constitu
ents of urine from healthy persons as a result of the catabolism of sarcosine, creatine 
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and choline. The amines include methylamine, dimethylamine, trimethylamine, 
ethylamine, isoamlyamine, piperidine, pyrrolidine, phenethylamine and trimethyl
amine oxide (Rechenberger, 1940; Wranne, 1956; Williams, 1959; Ayesh et al., 
1993; Zhang et al., 1993). Up to eight aliphatic and ring-substituted amines were 
recovered, at levels of up to 1 00 ~g/day, in the urine of healthy and hyperlipidaemic 
persons eating a normal diet (Davies et al., 1954). 

After a dose of 2000 mg ethylamine hydrochloride, humans excreted about 
32% unchanged in the urine, while the remaining 68% was converted to urea and 
acetic acid. Almost all of a dose of 6000 mg of propylamine was metabolized, only 
9.5% of the administered dose being recovered unchanged in the urine (Williams et 
al., 1959). 

Phenethylamine (No. 1589) metabolites appear rapidly in the urine of healthy 
volunteers, 62% of an oral dose of 300 mg being accounted for within 2-4.5 h 
(Richter, 1937). More than 60% of a dose of 300 mg (about 5 mg/kg bw) of 
phenethylamine was excreted in human urine within 2 h (Seakins, 1971 ). Phenethyl
amine metabolites were identified in the urine of white mice and male white rats 
given 2 mg of 14C-phenethylamine hydrochloride by subcutaneous injection within 
2 h, and 80% of the administered dose was recovered in the urine, primarily as 
phenyl acetic acid, within 40 h (Block, 1953). Phenethylamine is produced 
endogenously in humans as a result of the decarboxylation of phenylalanine in tissues 
(Mosnaim et al., 1973) and bacterial degradation of amino acids in the gastrointestinal 
tract (Simenhoff, 1975). The average endogenous levels of free and conjugated 
phenethylamine excreted in the urine of healthy humans over 24 h were 453 ± 50 
and 433 ±50 ~g. respectively (Mosnaim et al., 1973). 

The aromatic amine tyramine (No. 1590) is also rapidly absorbed and excreted 
in humans. A group of eight male volunteers (seven completed the study) were 
given 200 mg of tyramine in capsules to be taken after an overnight fast. After a 1-
week washout period, the men were asked to take the same dose midway through 
a standard breakfast. A serum sample was collected 30 min before tyramine was 
taken and at various times up to 6 h after each tyramine dose. Examination of the 
time-dependent plasma concentrations indicated that tyramine is rapidly absorbed 
and eliminated from the plasma. The peak plasma concentration occurred at 0.5 h 
and 1.25 h in fasted and unfasted men, respectively, and the half-life of tyramine in 
plasma was 0.53 and 0.92 h for fasted and unfasted men, respectively. Administration 
of tyramine with a meal decreased its bioavailability by an average of 53% (32-
81 %), which is consistent with the values for tyramine concentrations. The mean 
residence time of tyramine in the body was 0.85 and 2.2 h in fasted and unfasted 
men, respectively (Van Den Berg et al., 2003). 

Alicyclic amines 

The alicyclic amines piperidine (No. 1607) and pyrrolidine (No. 1609) are 
basic substances (pKa 11.1 and 11.3, respectively), and both have properties 
characteristic of typical aliphatic secondary amines (von Euler, 1945; Damani & 
Crooks, 1982). Piperidine and pyrrolidine are rapidly absorbed and excreted mainly 
in urine as oxidation products. 

Piperidine is endogenous in humans (Kase et al., 1969a; lshitoya et al., 1973). 
lt is derived from lysine and cadaverine and is excreted by humans at levels of 
3-30 mg/day (von Euler, 1945; Kase et al., 1969b). lt has also been detected in 
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human blood (von Euler, 1945; Audunsson, 1988) and in the urine of cows, horses, 
dogs, pigs, cats, rabbits and rats at 0.5-5 mg/1 00 ml of urine (von Euler, 1945). 
Urine obtained from healthy male and female students contained 8.5 and 7.6 mg 
piperidine per day on average, respectively (von Euler, 1945). In a later study, the 
urine of healthy Japanese students contained an average of 1.2 ± 0.17 J.lg/day of 
piperidine (Kase et al., 1969b). 

Urine was collected from Wistar rats for 72 h after an intraperitoneal injection 
of 1.0 mg piperidine hydrochloride. The urinary metabolites, detected by gas 
chromatography with mass spectrometry, comprised the parent compound, 
conjugated metabolites of piperidine and several unknown metabolites. Metabolites 
were considered to be conjugated if they disappeared after treatment with 13-
glucuronidase. 3-Hydroxypiperidine and 4-hydroxypiperidine were also detected in 
the urine of control animals given saline but at levels that were approximately one
half and one-third, respectively, of those seen in piperidine-exposed animals (Okano 
et al., 1978). 

Pyrrolidine (azacyclopentane), a homologue of piperidine (azacyclohexane), 
is also basic (pK8 11.3) and has been detected in normal adult human blood and 
urine (lshitoya et al., 1973). lt is presumed that pyrrolidine follows the same absorption 
and excretion pathways as the related compound. After a single intravenous dose 
of [14CH3]-N-methylpyrrolidine to rats and dogs, 81% and 91%, respectively, was 
excreted in the urine within 24 h (Forgue et al., 1987). 

Oral administration of (2-14C]pyrrolidone to Sprague-Dawley CD albino rats 
at a dose of 75 mg/kg bw resulted in peak levels of radioactivity in the plasma of 
male and female rats after 2 h (23.3 and 29.3 J.Lg/ml, respectively). Five days later, 
only 0.0006% of the initial dose remained in plasma. Eight hours after dosing, 80% 
of the radioactivity detected in the plasma was found to have originated from the 
parent amine, indicating that little first-pass metabolism had occurred. Within the 
first 24 h, 85-88% of the initial dose of radioactivity was excreted, mainly in the 
urine, with 6-7% in expired C02 (Midgley et al., 1992). 

Piperazine (1 ,4-diazocyclohexane) as the hydrochloride salt is widely used 
as an anthelmintic agent for humans, at therapeutic doses of 75-3500 mg/kg (Cork 
et al., 1990). In a study of endogenous nitrosation of piperazine in humans, about 
25% of an oral dose of 1.9 mg was excreted unchanged within 24 h (Kumar et al., 
1992). Mononitrosopiperazine but not dinitrosopiperazine was detected in the urine 
and gastric juices of four volunteers given 480 mg of piperazine (Bellander et al., 
1985) 

These observations indicate that the alicyclic amines, piperidine, pyrrolidine, 
N-methylpyrrolidine and piperazine, are rapidly absorbed, metabolized and excreted, 
primarily in the urine. 

Aliphatic tertiary amines 

Mainly on the basis of the available data for trimethylamine (No. 161 0) and 
trimethylamine oxide (No. 1614), tertiary amines and their N-oxide metabolites are 
anticipated to be rapidly absorbed and excreted in the urine by most mammals. 

When male Wistar rats were given 1 mmol/kg bw of trimethylamine or 
trimethylamine oxide orally, metabolites were found in the urine within 24 h (Zhang 
et al., 1998). 
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In cats given 500-1 000 mg/kg bw of trimethylamine by intraperitoneal 
injection, the compound was distributed to the liver lungs, spleen and kidneys within 
20 min (lwamoto, 1957). 

In a study designed to investigate the pharmacokinetics of intravenously 
administered trimethylamine, male Wistar rats were given 10, 20 or 40 mg/kg bw of 
trimethylamine by intravenous injection. The compound was rapidly eliminated from 
the blood, with reported half-lives of 2.0, 2.1 and 2.5 h, depending on the dose. The 
volume of distribution and systemic clearance values indicated that it is rapidly 
absorbed, distributed and eliminated in rats. The area under the curve of plasma 
concentration with time increased in a dose-dependent manner. These findings 
suggest that, in rats, the metabolic processes leading to elimination do not become 
saturated after intravenous administration. Peak plasma concentrations of 
trimethylamine metabolites were measured 0.75 h after injection. After oral 
administration of 20 mg/kg bw, the pharmacokinetics were comparable to those 
seen after intravenous injection. The half-life of trimethylamine in the blood of rats 
after oral administration was 1.6 h. These findings indicate rapid absorption, 
distribution and excretion of trimethylamine in rats (Nnane & Dam ani, 2001 ). 

Trimethylamine and trimethylamine oxide have been detected in the urine of 
healthy humans as products of choline catabolism. In the 11-h urine of seven healthy 
male and female volunteers receiving 50 mg/kg bw choline, 12-29% of the total 
nitrogen ingested was excreted as trimethylamine and trimethylamine oxide. After 
ingestion of 0.2 mmol/kg bw of trimethylamine by three healthy female and four 
male volunteers, 4Q-70% of the total trimethylamine nitrogen was excreted in the 
urine within 4 h (Wranne, 1956). 

In a study of 'fish malodour syndrome', 156 persons suspected of having this 
condition were challenged with 600 mg of trimethylamine; 145 persons excreted 
89 ± 9% of the administered dose as oxidized trimethylamine in the urine within 8 h, 
while 11 of them excreted trimethylamine almost exclusively unchanged (Ayesh et 
al., 1993). 

A series of experiments was conducted to examine the metabolism and 
excretion of trimethylamine and trimethylamine N-oxide in rats. After a bolus 
intraperitoneal injection of radiolabelled trimethylamine (dose not specified), 96% 
was recovered in the urine within 24 h. Recovery in faeces and exhaled air was 
negligible, as was accumulation in tissues. When a dose of< 5, 100 or 1000 J.lmol of 
radiolabelled trimethylamine was administered, no dose-dependent recovery of 
urinary metabolites was observed (Smith et al., 1994). 

Amides 

Studies on selected members of the group indicate that amides per se are 
rapidly absorbed and metabolized. 

In a study in which male Fischer 344 rats were given 1500 mg/kg bw of 
radiolabelled 1 ,6-hexalactam (No. 1594) by gavage, the main substances detected 
by high-performance liquid chromatography in urine after 6 h were the unchanged 
compound, 1 ,6-hexalactam and an unidentified metabolite (Unger & Friedman, 1980). 

Male Sprague-Dawley rats given a single oral dose of 4 mg/kg of N-(vanillyi)
[1-14C]nonanamide [nonanoyl 4-hydroxy-3-methoxybenzylamide (No. 1599)] 
excreted 17.9%, 45.9% and 22.7% of the radio label in the urine, faeces and expired 
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C02, respectively, within 72 h, although most of the radiolabel was excreted within 
the first 24 h. Bile duct-cannulated rats excreted 11.4%, 3.7%, 11.7% and 65.1% of 
the radiolabel in the urine, faeces, expired C02 and bile, respectively. In fasted rats, 
peak blood levels of radiolabel occurred 10 m in after administration. By 72 h after 
dosing, the highest concentrations of radiolabel were found in fat, liver and adrenal 
gland. These results indicate that nonanyl4-hydroxy-3-methoxybenzylamide is rapidly 
absorbed and that appreciable quantities undergo enterohepatic circulation and 
partial conversion to C02 (Schwen, 1982). 

Groups of male albino Wistar rats were given piperine (No. 1600) at a dose 
of 170 mg/kg bw by gavage or 85 mg/kg bw by intraperitoneal injection, and urine 
and faeces were collected every 24 h for 12 days. Urine and faeces from rats fed a 
control diet for 1 0 days were collected for 3 days before treatment and used as 
control samples. When given by either route, about 3% of the unchanged dose was 
detected in faeces over 5 days, indicating that 97% of the piperine was absorbed. 
Peak excretion in the faeces occurred on day 1 after intraperitoneal injection and on 
day 3 after gavage. No unchanged piperine was detected in urine after administration 
by either route; however, there was increased excretion of conjugated glucuronides, 
sulfates and phenols, with maxima on days 1-4. Overall, 91-97% of the administered 
dose was accounted for. After treatment, the animals were killed at various intervals, 
when blood was collected from the heart, and the liver, kidney, spleen and gut 
(stomach, small intestine, caecum and large intestine) were removed. By 30 min 
after ingestion of piperine, 29% was detected in the gut (22% in stomach and 6% in 
small intestine). By 48 h, 1% was detected in stomach, and 2-3% in the caecum 
and large intestine, indicating that 97% had been absorbed. A similar pattern was 
reported in rats intraperitoneally injected with piperine, although some of the values 
differed (data not reported). Between 1 and 10 h after treatment, only traces of 
piperine administered by either route were detected in blood. Between 0.5 and 24 h 
after treatment, intraperitoneally administered piperine was detected in the liver (2.12-
0.4%) and kidney (0.04-0.2%). Similarly, orally administered piperine was detected 
in the liver (0.25-0.12%) and kidney (0.03-0.17%) up to 24 h after treatment. No 
piperine was detected after 48 h in any of the tissues examined (Bhat & 
Chandrasekhara, 1986a). 

A group of male albino Wistar rats were given 170 mg/kg bw of piperine by 
gavage. After 1 h, some of the rats, including a group of untreated rats that served 
as controls, received a bile duct cannula, and bile was collected for 6 h. Urine was 
collected from the remaining rats for 4 days and pooled, while urine collected for 4 
days before dosing served as control samples. No unchanged piperine was detected 
in urine. Piperic acid was detected in the bile (about 1% of the original dose) within 
6 h, and various metabolites (piperonylic acid, piperonal, vanillic acid and piperonyl 
alcohol) were excreted in urine (about 15.5% of the original dose) within 96 h (Bhat 
& Chandrasekhara, 1987). 

In rats given a single oral dose (not specified) of N-ethyl-para-menthane-[3-
14C]-carboxamide [N-ethyl 2-isopropyl-5-methylcyclohexanecarboxamide (No. 
1601 )], 64.2% and 28.7% of the dose was excreted in urine and faeces, respectively, 
over 5 days. Almost 50% of the radioactivity was secreted into the bile within 2 days, 
most within 24 h, indicating enterohepatic circulation of the parent compound or its 
metabolites. The peak plasma concentration (0.3% of the total dose) was reached 
within 1 h. Subsequently, the compound was eliminated with a half-life of 11 h. 
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Whole-body autoradiography showed that most of the radioactivity was in the liver, 
kidneys and gastrointestinal tract. The results indicate that the substance was rapidly 
and extensively converted into more polar metabolites of unknown structure (James, 
1974). 

The metabolic fate of N-ethyl-para-menthane-[3-14C]-carboxamide (No. 1601) 
was examined in one male and one female dog given a single oral dose of 1 0 mg/kg 
bw. The substance was readily absorbed and rapidly eliminated in the urine (72% of 
the dose within the first 24 h) and faeces (11% of the dose within 5 days). No parent 
compound was detected in urine. The main urinary metabolites were glucuronide or 
sulfate conjugates, whereas the faeces contained mainly unchanged compound. 
Radioactivity was detected (detection limit= 0.05 ppm) in the liver, adrenal glands 
(male only), testes and kidney (female only) 5 days after treatment. Peak plasma 
levels were reached within 4 h. Subsequently the compound was eliminated with a 
half-life of about 70 min. Plasma radioactivity was determined to consist mostly 
(> 90%) of metabolites of the test substance. About 70% was bound to plasma 
protein in vitro, but< 10% of the radioactivity was protein-bound in vivo. The author 
noted that rats metabolized the test substance to polar unconjugated metabolites, 
while dogs metabolized it to conjugates; however, both species metabolized it 
extensively and eliminated it rapidly (James, 1974). 

These studies indicate that the amides in this group of flavouring agents are 
quickly absorbed, metabolized and excreted, mainly in urine but also partly in the 
faeces. 

(b) Metabolism 

Aliphatic and aromatic primary amines 

Aliphatic amines are metabolized primarily by flavin-containing monoxygena
ses, monoamine oxidases or amine oxidases, which catalyse the oxidation of primary, 
secondary and tertiary amines to imines with a concomitant reduction of molecular 
oxygen to hydrogen peroxide (see Figure 1 ). The resultant imine can be further 
converted to produce the corresponding aldehyde and ammonia. Monoamine oxidase 
A is responsible for oxidation of neurotransmitters, including serotonin, dopamine 
and norepinephrine (Moskvitina & Medvedev, 2001 ). Monoamine oxidase B is 
responsible for oxidation of exogenous and endogenous amines that might inhibit 
or interfere with neurotransmitter function. Both forms of the enzyme have a covalently 
bound flavin adenosine dinucleotide (FAD) co-factor (Kearney et al., 1971 ). Mono
amine oxidase is present mainly as an integral membrane protein associated with 

Figure 1. Oxidative deamination of aliphatic primary amines 
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the microsomal fraction of the endoplasmic reticulum (Moskvitina & Medvedev, 2001 ). 
Monoamine oxidase activity has been reported in the cytosolic fraction of rat liver 
(Medvedev et al., 1995), human placenta (Kirkel et al., 1991) and liver homogenate 
(Moskvitina & Medvedev, 2001 ). 

The aldehydes produced by oxidative deamination of aliphatic primary amines 
are expected to oxidize to the corresponding carboxylic acid and enter existing 
pathways of metabolism. lt is anticipated that the ammonia produced will be excreted 
in the form of urea. 

Primary aliphatic amines with an accessible a-substituted carbon atom can 
also undergo N-oxidation to nitroso groups and subsequently oximes, which are 
labile and readily hydrolysed. 

Ethylamine (No. 1579) is readily metabolized, and its nitrogen is converted 
to urea in humans; similarly, n-propylamine (No. 158) is converted to urea and 
excreted in urine (Williams, 1959). 

n-Butylamine (No. 1582) is readily metabolized to acetoacetic acid in guinea
pig liver slices (Pugh & Quastel, 1937), while n-amylamine (pentylamine, No. 1585) 
is converted to acetone, valeric acid and urea in guinea-pig slices, and isoamyl 
amine is converted to isoamyl alcohol and aldehyde under identical experimental 
conditions (Richter, 1937). When 1 00 mg of isoamylamine were administered orally 
to humans, the only metabolite detected in urine was unchanged amine (Richter, 
1937). 

When butylamine (No. 1582) and phenethylamine (No. 1589) were combined 
with monoamine oxidase isolated from human plasma, the production of ammonia 
indicated that both compounds were deaminated (McEwen, 1965). 

Studies with rabbit liver homogenate in vitro indicated that alkylamines readily 
undergo oxidative metabolism. lsoamylamine (1 mg) was readily oxidized when 
incubated with rabbit liver homogenate, and the consumption of oxygen reached a 
steady state within 30 min. Incubation of 1 mg of phenethylamine (No. 1589) with 
rabbit liver homogenate resulted in oxidation of 80% of the test material within 30 m in 
and complete oxidation within 4 h. Incubation of both isoamylamine and ~-phenethyl
amine (No. 1589) with rabbit liver homogenates resulted in the production of ammonia 
(Bernheim & Bernheim, 1938). 

In a similar study, oxidative deamination was reported when amylamine 
(pentylamine, No. 1585), isoamylamine (isopentylamine, No. 1587) and ~-phenthyl
amine (No. 1589) were incubated with isolated guinea-pig liver amine oxidase. 
Valeraldehyde, isovaleraldehyde and phenylacetaldehyde were identified as the 
primary metabolites (Richter, 1937). 

Healthy volunteers given 1 000 mg of phenethylamine orally excreted at least 
50% in the form of phenylacetic acid in 24-h urine (Power & Sherwin, 1927). In a 
separate study, healthy volunteers given 300 mg of ~-phenethylamine excreted about 
60% within 2 h as phenylacetic acid (Seakins, 1971 ). 

In studies in mouse heart and brain slices (Ross & Renyi, 1971) and in rabbit 
and guinea-pig liver homogenates (Snyder et al., 1946) in vitro, phenethylamine 
was converted to phenylacetic acid. 

In guinea-pig liver slices incubated with 1 mmol/1 of 2-phenethylamine in the 
presence or absence of enzyme inhibitors, phenylacetic acid was the primary 
metabolite (Panoutsopoulos et al., 2004). 
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Figure 2. N-Oxidation and C-oxidation of tyramine in mammals 
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Tyramine (No. 1590) is formed as a result of normal metabolic processes in 
animals, plants and microbes. lt can be biosynthesized by enzymatic decarboxylation 
of tyrosine by intestinal bacteria (ten Brink et al., 1990). Tyramine metabolism follows 
two pathways, N-oxidation or C-oxidation with subsequent N-oxidation (see Figure 2). 

When tyramine was incubated in the presence of pig liver or human liver 
microsomes, the trans-oxime was detected as a metabolite, as well as the C-oxidation 
metabolite, 4-hydroxybenzaldehyde (Lin & Cashman, 1997). 

After 2-(4-hydroxyphenyl)ethylamine (tyramine) was incubated with a crude 
mitochondrial fraction of rat intestine, the peroxidase-catalysed oxidation product, 
2,2 ° -dihydroxy-5,5 ° -bis( ethylamino )diphenyl ( dityramine ), was identified. After further 
analysis with specific enzyme inhibitors, the authors suggested that the metabolism 
of tyramine in the gut is peroxidase-dependent and might be driven by H20 2 produced 
by monoamine oxidase (mainly monoamine oxidase A) activity and that monoamine 
oxidase A also is responsible for the oxidative deamination of tyramine (Valoti et al., 
1998). 

Figure 3. Metabolic fate of piperidine and its derivatives 
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Alicyclic amines 

Piperidine (No. 1607) and pyrrolidine (No. 1609) are endogenous in mammals 
(von Euler, 1945; Kase et al., 1969a; lshitoya et al., 1973; Audunsson, 1988). They 
are present in a variety of tissues, including normal serum, spinal fluid, neurons and 
intestine (Honegger & Honegger, 1960; Perry et al., 1965; Kase et al., 1969b). Gut 
microflora produce piperidine from lysine, influencing the amount of piperidine 
detected in urine (Kase et al., 1969b). 

Piperidine and its derivatives are metabolized via C- and N-oxidation (Figure 
3). Ring carbons undergo mainly C-oxidation (hydroxylation) at the carbon adjacent 
to the nitrogen, to yield the corresponding hydroxyl derivatives, which can form 
excretable conjugates or further oxidize to yield a lactam. N-Substituted piperidine 
derivatives can also form N-oxides, which are then metabolized similarly to C-oxides 
(Kaiser et al., 1972; Okano et al., 1978; Masumoto et al., 1991 ). 

Urine collected from Wistar rats that had received an intraperitoneal dose of 
0.167 mg (50 !!Ci) of 3H-piperidine showed the presence of 4.15 !Lg/ml of 3-hydroxy
piperidine and 3.15 !Lg/ml of 4-hydroxypiperidine (Okano et al., 1978). 

The urine of healthy male volunteers who took tablets containing 250 mg of 
mepivacaine hydrochloride, an N-substituted piperidine derivative, contained the 
corresponding lactam (Meffin et al., 1973). 

Other N-methyl piperidine derivatives, anabasine or methylanabasine [2-(3-
pyridyl)piperidine or 1-methyl-2-(3-pyridyl)piperidine] were converted to the 
corresponding piperidine N-oxides when incubated with lung and liver microsomal 
fractions from rat, rabbit and guinea-pig (Beckett & Sheikh, 1973). 

In dogs and healthy humans, diphenidol was oxidized at the a-position on 
the piperidine ring. The lactam subsequently underwent ring-opening hydrolysis to 
form a d-aminovaleric acid derivative (Kaiser et al., 1972). 

a-, ~- and y-Hydroxy metabolites were identified when N-benzylpiperidine 
was incubated in the presence of rat liver microsomes and biomimetic chemical 
systems (Masumoto et al., 1991 ). 

Pyrrolidine and its derivatives are most susceptible to a C-oxidation, which 
produces a lactam that undergoes ring-opening hydrolysis to the y-amino acid 
derivative (Neurath et al., 1987; Fischer et al., 1990; Deal et al., 1992; McNulty et 
al., 1992; Midgley et al., 1992; Wu et al., 1992). 

aC-Oxidation of the pyrrolidine ring occurs in a variety of substituted pyrrolidine 
derivatives. Labelled bepridil {1-[2-(N-benzylanilino)-1-(isobutoxymethyl)ethyl]
pyrrolidine} was given orally to mice (150 mg/kg bw), rats (100 mg/kg bw), rabbits 
(1 00 mg/kg bw), rhesus monkeys (50 mg/kg bw) and humans (400 mg/kg bw). 
Radioactive metabolites were detected in the urine of all species, representing 48%, 
28%, 53% and 41% of the administered radioactivity in the urine of mice, rats, rabbits 
and rhesus monkeys, respectively, within 168 h of dosing; 67% of the administered 
dose was detected in the urine of a volunteer 24 h after dosing, and most of the 
remaining dose was detected in faeces. One of the main metabolic pathways involved 
aC-oxidation of the pyrrolidine ring. a-Oxidation metabolites were identified in the 
plasma of rats and rhesus monkeys at 38 and 56 ng/ml, respectively, at concentrations 
of 14 and 22 ng/ml in the plasma of mice and rabbits, respectively, and at a 
concentration of 9 ng/ml in human plasma (Wu et al., 1992). 

Radiolabelled triprolidine [ trans-1-(4-methylphenyl)-1-(2-pyridyl)-3-pyrrolidino
prop-1-ene] was given orally to mice at a dose of 50 mg/kg bw. About 80% of the 
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administered dose was detected in urine and the remaining 20% in faeces. Four 
metabolites of triprolidine were identified, although one of them accounted for almost 
58% of the administered dose (Deal et al., 1992}. 

When a healthy volunteer was given 50 mg of flecainide [N-(2-piperidyl
methyl)-2,5-bis-(2,2,2-trifluoroethoxy)benzamide monoacetate], a metabolite in which 
the piperidine ring was oxidized to an amide at the a-carbon was detected in urine 
(Fischer et al., 1990). 

These results indicate that piperidine and pyrrolidine undergo ring C-hydrox
ylation, yielding the corresponding hydroxy-substituted piperidine and pyrrolidine 
derivatives. N-Substituted derivatives favour a-oxidation to yield 2-hydroxy 
derivatives, which undergo further oxidation to yield lactams and subsequent ring
opened hydrolysis products. 

Alicyclic imines 

Pyrroline (No. 1603) and its derivatives (Nos 1604 and 1605) undergo rapid 
hydrolysis in aqueous solution in vivo to yield the resulting aminoaldehyde in the 
case of pyrroline and iminoketone in the case of 2-acetyl-1-pyrroline (No. 1604} and 
2-propionylpyrroline (No. 1605). The primary amine produced is further oxidized, 
similarly to other aliphatic primary amines. The aldehyde is oxidized to the 
corresponding carboxylic acid, while the ketone is reduced to the corresponding 
alcohol and excreted either unchanged or as the glucuronic acid conjugate. 

!mines are labile in aqueous conditions, and they readily hydrolyse in the 
presence of water (March, 1992}. In the aqueous environment of the stomach, rapid 
hydrolysis occurs before absorption. The urine of 10 healthy adults given an oral 
dose of 800 mg of the imine H2 receptor agonist ebrotidine contained metabolites 
derived from hydrolysis of the imine and those formed from oxidation of the sulfite 
functional group (Rozman et al., 1994). 

Aliphatic tertiary amines 

Trimethylamine (No. 161 0) is oxidized predominantly by monoamine oxidase 
to form trimethylamine oxide (No. 1614). When four men, three women and one boy 
aged 8 years were given 0.2 mmol/kg bw of trimethylamine, 70-90% of the test 
material was excreted as trimethylamine oxide in 1-h urine. In all cases, > 90% of 
the original dose was eliminated as trimethylamine oxide in the 4-h urine (Wranne, 
1956). 

In a similar study, healthy volunteers excreted 88% of trimethylamine from a 
regular diet and 89% of a dose of 600 mg of trimethylamine as the N-oxidized 
metabolite in 24-h urine. Eleven volunteers with clinically diagnosed monoamine 
oxidase 5 deficiency (fish odour syndrome) excreted 11-54% of their dietary intake 
of trimethylamine and 5-23% of a bolus dose of 600 mg of trimethylamine as 
trimethylamine oxide in 24-h urine (Ayesh et al., 1993). 

Animals can convert trimethylamine to trimethylamine oxide, but not to the 
extent that has been reported in humans. After administration of 59 and 74 mg of 
trimethylamine to guinea-pigs and rats by gavage, respectively, 41% and 33% of 
the dose was converted to trimethylamine oxide. When the compound was given by 
subcutaneous injection, 33% and 11% of the dose given to guinea-pigs and rats, 
respectively, was excreted as trimethylamine oxide (Muller & lmmendorfer, 1942). 
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Male Wistar rats given 1 mmol/kg bw of trimethylamine (59.1 mg/kg bw) or 
trimethylamine oxide (75.1 mg/kg bw) excreted 2.1 and 7.5 mg/kg per day, 
respectively, of dimethylamine in urine. C-Oxidation of trimethylamine by the gut 
microflora was a minor route of metabolism (Zhang et al., 1998). 

After stable isotopes of trimethylamine or trimethylamine N-oxides were 
administered to rats by intraperitoneal injection, about 60% of the radioactivity from 
trimethylamine and 74% of that from trimethylamine N-oxide was recovered in the 
urine. The urinary metabolites identified were a mixture of trimethylamine and 
trimethylamine N-oxide (Smith et al., 1994). 

More than 90% of triethylamine N-oxide was isolated from the urine of male 
volunteers given 25 mg of triethylamine and 15 mg triethylamine oxide orally (Akesson 
et al., 1988, 1989). 

Am ides 

Aliphatic amides have been reported to undergo limited hydrolysis. Extensive 
hydrolysis of aliphatic amides of various lengths was observed after incubation with 
rabbit liver extracts; however, hydrolysis was significantly slower for aliphatic am ides 
with fewer than five or more than 10 carbons (Bray et al., 1949). 

After administration of 1.5-5.0 g of acetamide (No. 1592) or butyramide (No. 
1593) to rabbits, 62% of the dose of acetamide was recovered unchanged in the 
urine within 24 h, while only 13% of the butyramide dose was recovered unchanged. 

Studies in which rats were given an oral dose (170 mg/kg bw) of piperine 
(No. 1600) or dogs were given an oral dose (1 0 mg/kg bw) of N-ethyl2-isopropyl-5-
methylcyclohexanecarboxamide (No. 1601) indicated that amide hydrolysis products 
are not major metabolites of these compounds (James, 1974; Bhat & 
Chandrasekhara, 1986a). 

The metabolism of piperine (No. 1600) was studied in groups of male albino 
Wistar rats given a dose of 170 mg/kg bw by gavage or 85 mg/kg bw by intraperitoneal 
injection. Urine and faeces were collected every 24 h for 12 days, while control 
urine and faeces samples were collected for 3 days from rats fed a control diet 
before dosing. No unchanged piperine was detected in urine after exposure by either 
route; however, there was increased excretion of conjugated glucuronides, sulfates 
and phenols, with maximum excretion of all three on days 1-4. Demethylation of 
piperine was suggested by an increase in conjugated phenols. Over 8 days, about 
36% of the gavage dose was excreted in urine as conjugated phenols and 62% as 
methylenedioxyphenyl metabolites. About 19% of the intraperitoneal dose was 
excreted as phenolics and about 72% as methylenedioxyphenyl derivatives (Bhat & 
Chandrasekhara, 1986a). Figure 4 shows the proposed pathway for the metabolism 
of piperine in rats. In addition to amide hydrolysis leading to piperic acid, metabolic 
oxidative cleavage of the benzylic alkene function results in a series of vanilloyl and 
piperonyl derivatives, which are excreted free or in conjugated form, mainly in the 
urine (Bhat & Chandrasekhara, 1987). 

2.3.2 Toxicological studies 

(a) Acute toxicity 

Oral LD50 values have been reported for 17 of the 37 agents in this group 
(see Table 3). In rats, the values ranged from 59.6 to 2900 mg/kg bw, most values 
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Figure 4. Proposed pathway for the metabolism of piperine in rats 
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falling between 300 and 500 mg/kg bw (Smyth & Carpenter, 1944; Smyth et al., 
1962, 1969; Singh et al., 1973; James, 1974; Zaeva et al., 1974; Bond & Nixon, 
1980; Cheever et al., 1982; National Toxicology Program, 1982; Piyachaturawat et 
al., 1983; Ciugudeanu et al., 1985; Van den Heuvel et al., 1990; Yam et al., 1991; 
Myers & Ballantyne, 1997; Til et al., 1997). In mice, the LD50 values ranged from 
56.2 to 5300 mg/kg bw (Suter & Weston, 1941; Loit & Filov, 1964; Singh et al., 1973; 
James, 1974; National Toxicology Program, 1982; Piyachaturawat et al., 1983). 
The oral LD50 of piperine (No. 1600) in dogs was 40.3 mg/kg bw (Singh et al., 1973). 
These studies indicate that the acute toxicity of aliphatic and aromatic amines and 
amides given orally is low to moderate. 

(b) Short-term studies of toxicity 

The results of short-term studies with certain aliphatic and aromatic amines 
and amides are summarized in Table 4 and are described below. 

sec-Butylamine (No. 1584) 

In a short-term study designed to evaluate the toxicity of 109 industrial 
chemicals, seven male Alderly Park rats were exposed by inhalation to 233 ppm 
sec-butylamine for 6.5 h/day for 13 days, corresponding to an estimated daily intake 
of approximately 115 mg/kg bw (Fassett, 1978). Food and water were provided ad 
libitum between exposure periods. The animals were weighed daily, and their 
condition and behaviour were monitored during exposure. Urine was collected 



362 ALIPHATIC AND AROMATIC AMINES AND AM/DES 

Table 3. Results of studies of acute toxicity with aliphatic and aromatic amines 
and am ides administered orally 

No. Flavouring agent Species; sex LDso Reference 
(mg/kg bw) 

1580 Propylamine Rats; M 570 Smyth et al. (1962) 
1581 lsopropylamine Rats; M < 112.o• Myers & Ballantyne (1997) 
1582 Butylamine Rats; M 365.7 Cheever et al. (1982) 
1582 Butylamine Rats; F 382.4 
1582 Butylamine Rats; M 500 Smyth & Carpenter (1944) 
1582 Butylamine Rats; M 557 Ciugudeanu et al. (1985) 
1582 Butylamine Rats; F 470 
1582 Butylamine Mice; M, F 575 Loit & Filov (1964) 
1583 lsobutylamine Rats; M 224.4 Cheever et al. (1982) 
1583 lsobutylamine Rats; F 231.8 
1584 sea-Butylamine Rats; M 157.5 
1584 sea-Butylamine Rats; F 146.8 
1585 Pentylamine Mice; M, F 375 Loit & Filov (1964) 
1589 Phenethylamine Mice; F 400 Suter & Weston (1941) 
1590 Tyramine Rats; M, F > 2000 Til et al. (1997) 
1594 1 ,6-Hexalactam Rats; M 1650 National Toxicology 
1594 1 ,6-Hexalactam Rats; F 1210 Program (1982) 
1594 1 ,6-Hexalactam Mice; M 2070 
1594 1 ,6-Hexalactam Mice; F 2490 
1595 2-lsopropyi-N,2,3-tri- Rats; M, F 345 Bond & Nixon (1980) 

methylbutryamide 
1600 Piperine Dogs; NR 40.3 Singh et al. (1973) 
1600 Piperine Rat; NR 59.6 
1600 Piperine Mice; NR 56.2 
1600 Piperine Rats (adult); F 514 Piyachaturawat et al. (1983) 
1600 Piperine Rats > 585 

(weanling); F 
1600 Piperine Mice; M 330 
1601 N-Ethyl 2-isopropyl-5- Rats; M, F 2900 James (1974) 

methylcyclohexane-
carboxamide 

1601 N-Ethyl 2-isopropyl-5- Mice; NR 5300 
methylcyclohexane-
carboxamide 

1607 Piperidine Rats; F 337 Yam et al. (1991) 
1607 Piperidine Rats; M, F 445 Van den Heuvel et al. (1990) 
1607 Piperidine Rats; M 405 
1607 Piperidine Rats; F 488 
1607 Piperidine Rats; M 520 Smyth et al. (1962) 
1609 Pyrrolidine Rats; M 300 Zaeva et al. (1974) 
1611 Triethylamine Mice; M, F 500 Loit & Filov (1964) 
1611 Triethylamine Rats; M < 182.3b Myers & Ballantyne (1997) 
1612 Tripropylamine Rats; NR 96 Smyth et al. (1969) 
1615 Piperazine Rats; M 2830 Myers & Ballantyne (1997) 

M, male; F, female; NR, not reported 
• LD50 value reported as < 0.25 ml/kg; calculation per kilogram body weight based on 

specific gravity of isopropylamine = 0.6881 
b LD50 value reported as < 0.25 ml/kg; calculation per kilogram body weight based on 

specific gravity of triethylamine= 0.7293 



Table 4. Results of short-term studies of toxicity and long-term studies of toxicity and carcinogenicity with aliphatic and aromatic ~ ,... 
amines and amides ii 
No. Substance Species; No. test groups•/ Route Duration NOEL Reference ~ 

::! sex no. per groupb (days) mg/kg bw () 
per day) ~ 

Short-term studies 
~ 
~ 

1584 sec-Butylamine Rat; M 1/7 Inhalation 13 days 115' Gage (1970) :X, 

1590 Tyramine Rat; M,F 3/20 Feed 5-6 weeks 180 lil et al. (1997) 0 
1592 Acetamide Mouse; M, F 2/100 Feed 1 year < 1770" Fleischman et al. (1980) ~ 
1592 Acetamide Rat; M, F 1/100 Feed 1 year < 1180" Fleischman et al. (1980) ::! 
1594 1,6-Hexalactam Mouse; M,F 5/10 Feed 14 days 4500' National Toxicology 

() 
~ 

Program (1982) §;; 
1594 1,6-Hexalactam Mouse; M,F 5/20 Feed 13 weeks < 750d National Toxicology <: 

Program (1982) m 
1594 1,6-Hexalactam Rat; M,F 5/10 Feed 14 days < 500 (M)" National Toxicology ~ 

3000 (F)' Program (1982) ~ 1594 1,6-Hexalactam Rat; M,F 5/24 Feed 13 weeks 7501 National Toxicology 
Program (1982) ~ 

1595 2-lsopropyi-N-2,3-trimethyl- Rat; M,F 3/12 Gavage 14 days 100'·9 Nixon & Alden (1978) ~ 
butyramide m 1595 2-lsopropyi-N-2,3-trimethyl- Rat; M,F 3/60 Gavage 14 weeks < 10 (M) Pence (1980a) 
butyramide 10 (F) 

1595 2-lsopropyi-N-2,3-trimethyl- Rat; M,F 5/60 Gavage 14 weeks 5 (M) Cheng (1982) 
butyramide 10 (F) 

1599 Nonanoyl 4-hydroxy-3-methoxy- Rat; M, F 1/20-32 Feed 90 days 8.4 (M)' Posternak et al. (1969) 
benzylamide 10.3 (F)' 

1600 Piperine Rat; F 4/8 Gavage 7 days 100 Piyachaturawat et al. 
(1983) 

1600 Piperine Rat; M 1/6 Feed 8 weeks 10' Bhat & Chandrasekhara 
(1986b) 

1600 Piperinei Rat; M 3/6 Feed 8 weeks 20' Bhat & Chandrasekhara to) 

(1986b) ~ 



Table 4 (contd) ~ 

~ 
No. Substance Species; No. test groups•/ Route Duration NOEL Reference 

sex no. per groupb (days) mg/kgbw 
per day) 

1601 N-Ethyl 2-isopropyl-5-methyl- Rat; M,F 4/12 Gavage 28 days 8 Miyata (1995) 
cyclohexanecarboxamide 

1601 N-Ethyl 2-isopropyl-5-methyl- Rat; M,F 3/30 Gavage 22 weeks 300 (M) Hunter et al. (1974) 
cyclohexanecarboxamide < 100 (F) 1 

1601 N-Ethyl 2-isopropyl-5-methyl- Dog; M,F 3/2 Capsules 28 days < 600k James (1974) 
cyclohexanecarboxamide )::, 

1601 N-Ethyl 2-isopropyl-5-methyl- Dog; M,F 3/6 Capsules 52 weeks 100 James (1974) f"" 
cyclohexanecarboxamide ;; 

1603 1-Pyrroline Rat; M,F 1/10 Feed 14 days 12.9 (M)" Wnorowski (1995) ~ 
12.2 (F)' ~ 

1607 Piperidine Rat; M 3/5-6 Feed 98 days 80 Amoore et al. (1978) (") 

1609 Pyrrolidine1 Mouse; F 1/10 Drinking- 12 months 16.5' Pearson et al. (1982) 
)::, 

water ~ 
1610 Trimethylamine Rat; M 4/5-6 Feed 98 days 160 Amoore et al. (1978) )::, 

1615 Piperazine Mouse; M,F 1/80 Feed 28 weeksm 938' Greenblatt et al. (1971) ::n 
0 

Long-term studies ~ 
~ 1592 Acetamide Rat; M 1/60 Feed 17 months < 2500n Flaks et al. (1983) (") 

1594 1 ,6-Hexalactam Mouse; M,F 2/100 Feed 103 weeks 2250' National Toxicology )::, 

Program (1982) §l;; 
1594 1 ,6-Hexalactam Rat; M,F 2/100 Feed 103 weeks 375' National Toxicology 

m Program (1982) 
)::, 

• Total number of test groups does not include control animals. ~ 
b Total number per test group includes both male and female animals. )::, 
' Study performed with either a single dose or multiple doses that had no adverse effect. The value is therefore not a true NOEL, but is the highest ~ dose tested that had no adverse effect. The actual NOEL might be higher. 
d Based on significant reduction in body weights (27% to 63%) in comparison with controls; dose-related in females but not males. m 
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Table 4 (contd) 

• Pale mottled kidneys observed at every dose (60-100% incidence) in males 
1 Reductions in weight gain (4-14%) reported at every dose in both males and females and 

in food consumption in males (23%) and females (19%) at 7500 ppm (750 mg/kg bw per 
day) 

g Significantly elevated absolute and relative kidney weights in females at 1 0 and 1 00 mg/ 
kg bw per day in comparison with controls; not accompanied by histopathological 
variations Animals dosed twice daily. 

h Test animals had significant increases in activities of several digestive enzymes and 
decreased food transit time in comparison with controls. 

' Rats given black pepper oleoresin containing approximately 45% piperine 
i Significant dose-related increases in absolute and relative liver weights at every dose 
k Liver weights of most dogs (doses not specified) constituted > 4% of dogs' body weight; 

however, gross examination revealed no abnormalities (no histology) 
' Pyrrolidine administered with 1000 mg/1 nitrite in drinking-water 
m 196-day treatment period followed by 12 weeks on basal diet before final necropsy 
" Treament at this dose resulted in hepatocellular carcinomas in rats and lymphomas in 

mice 

overnight after the last exposure, and on the following day animals were necropsied 
and blood samples collected for haematological testing. Gross and microscopic 
examinations were conducted on a range of major organs. During the exposure, 
clinical signs of discomfort and lethargy were obseNed. Treated animals gained 
less weight than controls; however, no remarkable changes were seen at gross 
necropsy, and no histopathological changes related to exposure to sec-butylamine 
were reported (Gage, 1970). 

Tyramine (No. 1590) 

Groups of 1 0 male and 10 female wean ling Wistar rats (Bar:WISW) were fed 
diets containing 0 (control), 200, 2000 or 10 000 pp m tyramine (equivalent to 0, 18, 
180 and 900 mg/kg bw per day) for 5-6 weeks. They were obseNed daily for any 
overt symptoms of toxicity, and body weights and food intake were assessed weekly; 
water consumption was monitored daily during the first week of the study. One male 
at 200 ppm tyramine died before the end of the study, but details of the death were 
not reported. At day 28, the body weights of males at the highest dose were 
statistically significantly lower than those of controls. There were no differences in 
systolic blood pressure, measured on several occasions throughout the study, in 
food or water consumption or in food use efficiency between control and treated 
groups. Likewise, various haematological and urinary parameters evaluated in week 
5 were comparable to those of controls; however, clinical chemistry analysis of blood 
samples taken in week 5 showed a statistically significant decrease in alkaline 
phosphatase activity in males and females at the highest dose and a slight but 
significant decrease in males at 2000 ppm tyramine. At necropsy, a wide range of 
major organs were weighed, and samples of tissues from controls and rats at the 
highest dose were prepared for detailed microscopic examination. The only variation 
in organ weights was a statistically significant increase in the relative liver weights 
of males at the highest dose in comparison with controls. Histopathological 
examination showed a statistically significant increase in the combined incidences 
of reticulo-endothelial cells and necrotic hepatocytes in livers of males at the highest 
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dose. Although no other statistically significant histopathological findings were made, 
a slight increase in the incidence of basophilic tubules in the kidneys of these animals 
was noted (controls: 3/10; males at 10 000 ppm: 7/10). The NOEL was 2000 ppm, 
equivalent to 180 mg/kg bw per day (Til et al., 1997). 

Acetamide (No. 1592) 

Mice 

In a 1-year study, groups of 50 C57BI/6 mice of each sex were given diets 
containing 1.18% or 2.36% acetamide (equivalent to 1770 and 3540 mg/kg bw). 
Groups of 100 control animals of each sex were maintained concurrently on the 
basal diet. At day 365, five mice from each group were necropsied. A wide range of 
major organs (brain, lung, heart, thymus, pituitary, thyroids, parathyroids, adrenals, 
oesophagus, stomach, duodenum, jejunem, ileum, colon, liver, pancreas, kidney, 
urinary bladder, gonads, accessory sex organs, spleen, lymph nodes, bone with 
bone marrow, skin, salivary and mammary glands) were collected and fixed in 10% 
buffered formalin, embedded in paraffin, stained with haematoxylin-eosin and 
examined microscopically. All the remaining mice were placed on a control diet for 
recovery for 4 months, after which time they were necropsied and tissue samples 
preserved for histological examination. No compound-related effects were observed 
on body weights or survival rates. At necropsy, the gross changes included 
enlargement of multiple lymph nodes, including the submandibular, mesenteric, 
lumbar, inguinal and renal nodes, which were reported as white-grey, firm and 
sometimes nodular or irregular on the capsular surface. Enlargement of the spleen 
and thymus was also seen. Additionally, benign papillomas of the squamous portion 
of the stomach were reported in male mice at the lower dose (5/50, p = 0.005). 
Histopathological examination revealed a compound-related increase in the incidence 
of neoplastic lesions of the haematopoietic system in treated males, but not in 
females, with incidences of 0 in controls and 14% (7/50) and 15% (7/46) in males at 
the lower and lhigher intake levels, respectively. The most frequently observed 
neoplasm was a histiocytic type of malignant lymphoma; less commonly observed 
haematopoietic tumours included other malignant lymphomas and plasmacytomas 
(Fieischman et al., 1980). 

Rats 

In a 1-year study, groups of 50 Fisc her 344 rats of each sex were given diets 
containing 0 or 2.36% acetamide (23 600 ppm; equivalent to 1180 mg/kg bw per 
day). At day 365, five rats from each group were killed and necropsied. Brain, lung, 
heart, thymus, pituitary, thyroids, parathyroids, adrenals, oesophagus, stomach, 
duodenum, jejunum, ileum, colon, liver, pancreas, kidney, urinary bladder, gonads, 
accessory sex organs, spleen, lymph nodes, bone with bone marrow, skin, salivary 
and mammary glands were collected and fixed in 1 0% buffered formalin, embedded 
in paraffin, stained with haematoxylin-eosin and examined microscopically. All the 
remaining rats were placed on a control diet to recover for 4 months, after which 
they were necropsied and tissue samples preserved for histological examination. 
Additionally, liver sections were stained and evaluated for the presence of fat. Body
weight gain and the survival of females were comparable in test and control groups, 
but, while control males had a survival rate of 86% at the end of the study, only 56% 
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of the acetamide-treated rats survived until that time. The mean absolute liver weight 
of male rats was twice that of controls, and that of females was 1.4 times that of 
controls. The relative liver weight of treated rats that did not have liver tumours was 
comparable to that of controls, while that of rats with liver tumours was two to three 
times greater than that of controls. Pathological examination of organs revealed 
neoplastic lesions of the liver. Neoplastic nodules and carcinomas of the liver occurred 
in 1/47 and 41/47 acetamide-treated males and 3/48 and 33/48 females, respectively, 
but males showed faster and greater onset of metastases than females. None of 
the control animals developed liver tumours. Metastases occurred in 32% (15/47) 
of treated males and 10% (5/48) of treated females. In males, metastases were 
reported in the lung (15), kidneys (4), peritoneal cavity (2), pancreas, diaphragm, 
heart and mediastinum (1 each), whereas in females metastases was confined to 
the lungs. Hepatocytes from the neoplastic nodules showed varying degrees of 
cytoplasmic change, including clear-cell eosinophilic and basophilic alterations. 
Mitotic figures and nuclear atypia, including multi-nucleation and hyperchromasia, 
indicative of apoptosis, were characteristic of the nodules. In comparison with the 
nodules, the carcinomas were large and in some cases extended over the entire 
lobe of the liver. Cytoplasmic vacuolization, eosinophilia and basophilia were frequent, 
as were high nuclear:cytoplasmic ratios, unusual mitotic figures and single and 
multiple hyperchromatic nucleoli. Areas of degeneration, necrosis and haemorrhage 
were seen in about half the tumours. Two testicular adenomas were observed in 
treated rats, while tumours of the testes were reported in 21 of 50 controls (p < 0.001) 
(Fieischman et al., 1980). 

1,6-Hexalactam (No. 1594) 

Mice 

Groups of five male and five female B6C3F1 mice were given diets containing 
0, 5000, 10 000, 15 000,20 000 or 30 000 ppm 1,6-hexalactam (equivalent to 0, 
750, 1500, 2250, 3000 and 4500 mg/kg bw per day) for 14 days. No early deaths or 
any other compound-related adverse effects were reported in treated animals 
(National Toxicology Program, 1982). 

In a 13-week study conducted to determine the dietary concentrations for a 
longer feeding study, groups of 1 0 B6C3F1 mice of each sex were fed diets containing 
0, 5000, 10 000, 15 000, 20 000 or 30 000 pp m 1 ,6-hexalactam (equivalent to 0, 
750, 1500, 2250, 3000 and 4500 mg/kg bw). Animals were monitored twice daily for 
clinical signs of toxicity and weighed weekly. At necropsy at the end of the study, 
tissue samples were examined histopathologically. One female at 20 000 ppm died 
accidentally, and two females at 30 000 ppm died of unspecified causes. No males 
died before scheduled termination of the study. All treated mice gained less weight 
than controls (27-63%), and the decrease was dose-related in female mice. No 
compound-related histopathological changes were reported. There was no NOEL 
(National Toxicology Program, 1982). 

Rats 

Groups of five male and five female Fischer 344 rats were given diets 
containing 0, 5000, 10 000, 15 000,20 000 or 30 000 ppm 1 ,6-hexalactam (equivalent 
to 0, 500, 1000, 1500, 2000 and 3000 mg/kg bw per day) for 14 days. All animals 
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survived the treatment period. Treated males at all doses showed pale mottled 
kidneys, affecting 60-100% of rats (National Toxicology Program, 1982). 

In a 13-week study, groups of 12 Fischer 344 rats of each sex were fed diets 
containing 0, 625, 1250, 2500, 5000 or 7500 ppm 1 ,6-hexalactam (equivalent to 0, 
62.5, 125, 250, 500 and 750 mg/kg bw). The animals were monitored twice daily for 
clinical signs of toxicity and weighed weekly. At necropsy at the end of the study, 
tissue samples were examined histopathologically. One male rat at 5000 pp m became 
moribund and was killed. Treated rats at each dose gained less weight than controls 
(4-14%), but the decrease was not dose-related. Rats at the highest dose also 
showed decreased food consumption, by 23% for males and 19% for females, in 
comparison with controls (statistics not reported). No compound-related histopatho
logical changes were reported (National Toxicology Program, 1982). 

2-/sopropyi-N -2,3-trimethy/butyramide (No. 1595) 

In a pilot study, groups of six male and six female Sprague-Dawley (CD®) 
rats were given 2-isopropyi-N-2,3-trimethylbutyramide in corn oil by gavage at a 
dose of 0, 5, 25 or 50 mg/kg bw twice daily for 14 days. No changes in overall 
condition, terminal body weights or food consumption and use efficiency were 
reported in comparison with controls. At necropsy, one male at 50 mg/kg bw per day 
showed bilateral multifocal white areas in the kidneys, cystic calculi in the bladder 
and splenomegaly. In treated females, the absolute and relative kidney weights 
were significantly increased at the lowest and highest doses compared with controls, 
and one female at the lowest dose had hepatic lipidosis, which was described as a 
non-specific variation occasionally observed spontaneously. Since the increases in 
absolute and relative kidney weights in females were not dose-related and were not 
accompanied by histopathological changes in the renal tissues, the Committee 
considered these findings not to be biologically relevant (Nixon & Alden, 1978). 

Groups of 30 Sprague-Dawley CD® rats of each sex were given 2-isopropyi
N-2,3-trimethylbutyramide in corn oil by gavage at a dose of 0, 10, 50 or 100 mg/kg 
bw once daily for up to 14 weeks. Animals were necropsied at 6, 13 and 14 weeks. 
During the study, two control females, one female at the lowest dose, two at the 
intermediate dose and two at the highest dose were found dead of unspecified 
causes, and four control females, one female at the lowest dose and one at the 
highest dose died accidentally in week 13 after orbital sinus bleeding; however, 
statistical analysis did not show a significant difference in the survival rates of test 
and control animals. Likewise, with the exception of a statistically significant reduction 
in food use efficiency in week 9, no statistically significant differences in body weight, 
growth rate or food consumption were found between treated and control animals 
throughout the study. Occasional statistically significant variations were observed in 
haematological parameters (elevated leukocyte count in males at the highest dose 
at 13 weeks) and in clinical chemistry values (lower lactic acid dehydrogenase activity 
in males at the two lower doses at 6 and 13 weeks, higher globulin value in females 
at the lowest dose, higher cholinesterase activity in males at the lowest dose, lower 
glucose value in females at the intermediate dose and lower albumin:globulin ratios 
in females at the lowest dose and males at the highest dose at week 6); however, 
none of these findings was considered by the author to be treatment-related. Similarly, 
urine analysis revealed no significant variations at 6 and 13 weeks. At week 6, 
significant increases were observed in the absolute and relative liver weights of 
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females at the highest dose and in the relative liver weights of females at the two 
higher doses, in the absolute spleen weights of males at the lowest dose, and in the 
relative brain weights of females at the intermediate dose. At week 13, the absolute 
and relative liver weights were significantly increased in rats of each sex at the 
highest dose, and relative ovary weights were significantly lower in females at the 
lowest and the highest doses. Ophthalmoscopy and gross pathological examination 
revealed no compound-related adverse effects. The histopathological findings were 
limited to abnormalities of renal and hepatic tissues. Specifically, microscopic 
examination of 1 0 animals of each sex at week 6 showed compound-related hepatic 
fatty degeneration in males and renal tubular nephrosis in males and females at the 
two higher doses. Histopathological examination of controls and 10 animals of each 
sex at the highest dose at week 13 showed renal tubular nephrosis and hepatic fatty 
degeneration in treated males and minimal vacuolar changes in the livers of treated 
females. At the end of the study (14 weeks), hepatic fatty degeneration was reported 
in the remaining animals of each sex at the two higher doses. Renal tubular nephrosis 
was also reported in treated males at every dose and in females at the intermediate 
dose. The authors noted that all the hepatic and renal lesions were more severe in 
males than in females (Pence, 1980a). 

In a replication of the above study with lower doses, groups of 30 male and 
30 female Sprague-Dawley rats were given 2-isopropyi-N-2,3-trimethylbutyramide 
in corn oil by gavage at a dose of 0, 1, 2, 5, 1 0 or 50 mg/kg bw once daily. The study 
included interim necropsies on day 23 and days 30-31 and a necropsy at the end of 
the study on days 92-93. Additionally, one group of rats was given the compound 
for 112 days, were then allowed to recover for 30-31 days and were subsequently 
necropsied. All animals were examined microscopically for renal lesions. One rat of 
each sex at 50 mg/kg bw per day and one of each sex at 2 mg/kg bw per day died 
as a result of the gavage procedure. One control male and one at the highest dose 
died, with no abnormal changes, and one male at 2 mg/kg bw per day was killed 
after a traumatic injury. One control of each sex and one male at 2 mg/kg bw per day 
had palpable tissue masses in the right axillary region during the study. All the masses 
grew, then decreased in size until they were no longer detectable at the end of the 
study. All the other clinical signs were incidental, occurred sporadically and were 
evenly distributed in all groups, and none of the clinical signs was considered to be 
related to administration of the test substance. Likewise, none of the isolated 
statistically significant changes in body weight observed throughout the study were 
considered to be compound-related, including a significant increase in the body
weight gain of males at 10 mg/kg bw per day at week 12. During the recovery period 
(weeks 17-20), the animals tended to have an increased incidence of weight loss 
and reduced weight gain in comparison with the last 4 weeks of treatment (weeks 
13-16). The author considered this to be due to a loss of calories from the corn oil. 
No dose-dependent changes were observed in the food consumption or food use 
efficiency of test animals in comparison with controls. Ophthalmological examination 
revealed two isolated ocular lesions, which were considered to be of no toxicological 
significance. Although variations in haematological values were reported in treated 
males after the recovery period, the values were within biological limits and thus not 
toxicologically significant. Furthermore, no significant differences were observed in 
clinical chemistry and urine values, although an increase in urinary protein excretion 
was seen in males relative to females. Variations in the absolute, but not the relative, 
weights of the stomachs of males given 1 or 5 mg/kg bw per day observed at study 
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termination (days 92-93) were reported to fall within the normal limits of deviation. 
Females at 50 mg/kg bw per day had significant increases in absolute and relative 
liver weights and in absolute kidney weights at the 92- and 93-day necropsies. The 
treatment-related histopathological findings were limited to changes in the kidneys 
of males, consisting of tubular dilatation with casts and hyaline droplet formation, 
the latter being reported at both interim necropsies and at the final necropsy but not 
after the recovery period. Tubular dilatation with granular casts, classified as mild to 
moderate, occurred in males treated not only at 50 mg/kg bw per day dose but also 
at 10 mg/kg bw per day. Although tubular dilatation was seen at all scheduled 
necropsies, the incidence was markedly increased only at the necropsies conducted 
on days 30-31 and 92-93 (Cheng, 1982). 

Structurally related medium-chain unsaturated amide Spi/antho/1 (N-isobutyl-
2, 6, 8-decatrienamide) 

In a 28-day study, groups of five male and five female Sprague-Dawley 
Aai:N(SD)BR rats were maintained on a diet containing 0, 130, 1300 or 13 000 ppm 
gold root extract of unknown purity (equal to 0, 11, 115 and 1144 mglkg bw per day 
for males and 0, 13, 127 and 1258 mg/kg bw per day for females). As N-isobutyl-
2,6,8-decatrienamide comprises approximately 50% of the composition of gold root 
extract (private communication to the Flavor and Extract Manufacturers Association, 
2004), the effective dietary concentration of N-isobutyl-2,6,8-decatrienamide was 
about 5.5, 57 and 572 mg/kg bw per day for males and 6.5, 64 and 629 mg/kg bw 
per day for females, respectively. The animals were observed daily for clinical signs 
and mortality. Individual body weights and food consumption were recorded weekly. 
On day 29 of the study, blood was sampled from all animals for haematological and 
clinical chemistry analyses, and gross necropsies were performed on all rats. The 
heart, thymus, adrenals, spleen, liver, kidneys and ovaries or testes were collected 
and weighed. Histopathological examinations were performed on the liver, kidneys, 
stomach, small intestine (duodenum, jejunum, ileum) and caecum of all control rats 
and those at the highest dose, as well as any gross lesions of potential toxicological 
significance in any of the test groups. 

During the study, no deaths or clinical signs of toxicity were observed in any 
test group. At necropsy, no gross abnormalities were reported. Some minor alterations 
were observed during the histopathological examination (e.g. inflammation and 
vacuolation of the liver and slight mineralization in the kidney); however, these were 
considered to be typical background findings occurring commonly among rats of 
this strain and age. Body weight, body-weight gain, daily food consumption and 
food use efficiency were comparable in test and control animals. Likewise, no 
treatment-related changes in absolute or relative organ weights were observed 
between control and treated rats. In males, haematological examination revealed a 
statistically significant (p < 0.01) decrease in lymphocytes at all doses, and the 
mean lymphocyte count of males at the highest dose was 33% less than that of 
controls; this decrease resulted in a concurrent decrease in the total white blood cell 
count. Treated females also showed a decreased mean lymphocyte count (20% at 
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the highest dose) and total white blood cell count, but these differences were not 
statistically significant. Two of the five control animals had abnormally elevated 
lymphocyte counts (i.e. 11.53 and 10.39 x 1 o-3/!11), which might have skewed the 
mean lymphocyte count of controls (Farber, 2003}. With the exception of one female 
at the highest dose, the lymphocyte and total white blood cell counts of both male 
and female rats fell within the range of values for controls in previous studies, and 
the observed changes were not considered clinically relevant. Additionally, minimal 
but statistically significant (p < 0.05) decreases in monocyte counts were found in 
females at the two higher doses and in the basophil count among males at the two 
higher doses; decreased monocyte counts were also seen among treated males. 
Although these changes were dose-dependent, statistical significance was not 
attained. The occurrence of large unstained cells was significantly decreased among 
males at the intermediate (p < 0.01} and highest doses (p < 0.05) compared with 
controls. The minor shifts in these cell populations were not considered clinically 
relevant by the authors. Erythrocyte volume fractions were significantly decreased 
(p < 0.05) in males at 130 ppm, but not at the two higher doses, thereby casting 
doubt on the clinical significance of these results. Moreover, all erythrocyte volume 
fractions were within the range of values for controls in previous studies. A slight but 
statistically significant increase (p < 0.01) in serum sodium was observed in females 
at the highest dose, and serum chloride levels were significantly increased in males 
at the intermediate (p < 0.05) and highest doses (p < 0.01) and in females at the 
highest dose (p < 0.05). All the changes in electrolyte levels were of minimal 
magnitude and the values fell within the ranges of values for controls in previous 
studies. Calcium and phosphorus levels were significantly increased (p < 0.01) in 
females at the intermediate dose, but not in those at the highest dose, thereby 
casting doubt on the clinical significance of the observation. Total protein (p < 0.01) 
and albumin (p < 0.05) levels were significantly increased in males at the highest 
dose, but all the values fell within the ranges seen in controls in previous studies. 
The changes in haematological and serum chemistry parameters were not considered 
to be of biological significance. The NOEL for gold root extract was 13 000 ppm, or 
1144 mg/kg bw per day. If it is assumed that N-isobutyl-2,6,8-decatrienamide is 
present at a concentration of 50% in gold root extract, the NOEL for this compound 
was 572 mg/kg bw per day (Moore, 2002). 

To further evaluate the effect of exposure to gold root extract on haemato
logical parameters in rats, a second 28-day study was conducted, in which groups 
of five Sprague-Dawley rats of each sex were fed diets containing 0, 50, 130 or 
13 000 ppm gold root extract (equal to 0, 11 and 1144 mg/kg bw per day for males 
and 0, 13 and 1258 mg/kg bw per day for females). Lymphocyte counts were slightly 
decreased in males at 13 000 ppm and possibly decreased at 50 and 130 ppm, but 
these changes were not statistically significant. Of the animals receiving 50 or 
130 pp m gold root extract, 4/1 0 and 5/1 0, respectively, had lymphocyte counts that 
were lower than the lowest value observed in control animals, and these changes 
were reflected in the totalleukocyte count. Although the lymphocyte changes were 
subtle, they were considered by the authors as potentially related to treatment. 
Published composite reference intervals for Sprague-Dawley rats indicate, however, 
that the normallymphocyte counts of young adult males range from 3000 to 12 000 
lymphocytes per 111 (Hall, 1992); the individual values for rats in this study were all 
within this range and therefore not biologically significant. The lymphocyte count 
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was slightly, not significantly decreased in females at 13 000 ppm, the values being 
concentrated mainly towards the lower end of the range of values for concurrent 
controls. The authors considered this change to be treatment-related. The change 
in lymphocyte count was reflected in the total leukocyte count. The lower limit of 
lymphocyte counts for all groups, including controls, in the current study were similar, 
3.58, 3.43, 2. 72 and 2. 78 x 1 03/f.ll for females receiving 0, 50, 130 and 13 000 ppm, 
respectively, indicating little difference between control and treated groups. In addition, 
the published composite reference intervals for lymphocyte counts in young adult 
female Sprague-Dawley rats range from 1000 to 1 0 000 lymphocytes/J.tl (Hall, 1992); 
the individual values for rats in this study were all within this range. The NOEL was 
13 000 ppm, equal to 1144 mg/kg bw per day (Product Safety Laboratories, 2004). 

Nonanoy/ 4-hydroxy-3-methoxybenzy/amide (No. 1599) 

Groups of 10-16 male and 10-16 female Charles River CD rats were fed 
diets containing nonanoyl 4-hydroxy-3-methoxybenzylamide for 90 days at 
concentrations resulting in average dietary intakes of 8.4 and 10.3 mg/kg bw per 
day for males and females, respectively. Throughout the study, body weights and 
food consumption were monitored weekly, and the food use efficiency was calculated. 
Blood samples were taken at weeks 7 and 13 for haematological and clinical 
chemistry analysis. At study completion, the animals were necropsied and examined 
grossly. The kidneys and liver were excised and weighed, and a wide range of 
major organs were examined microscopically. In comparison to the group given 
basal diet, no significant variations were observed in any of the toxicological 
parameters evaluated. Furthermore, no compound-related histopathological 
abnormalities were reported (Posternak et al., 1969). 

Piperine (No. 1600) 

Groups of eight female Fischer rats were given piperine intragastrically at a 
dose of 0 (solvent control), 100, 250, 350 or 500 mg/kg bw per day for 7 days. Body
weight gain decreased and the number of deaths increased with increasing doses. 
Although no deaths occurred at the two lower doses, a slight reduction in body
weight gain (statistical significance not reported) was reported at 250 mg/kg bw per 
day. Two rats at 350 mg/kg bw per day and five at 500 mg/kg bw per day died after 
1-3 days of treatment. Necropsy of rats at 500 mg/kg bw per day revealed severe 
haemorrhage and oedema of the gastrointestinal tract (stomach, small and large 
intestine). Haemorrhage in the urinary bladder also was reported in some rats. At 
250 mg/kg bw per day, three of eight rats had haemorrhage in the stomach. 
Histopathological examination showed changes in the stomach, urinary bladder, 
adrenal glands and small intestine. In the stomach, the main changes seen in rats 
fed 500 mg/kg bw per day were haemorrhagic erosion and ulceration in the mucosa 
of the glandular portio. Severe haemorrhagic oedema was also reported in the 
submucosa of the glandular and squamous portions. All animals at 500 mg/kg bw 
per day, three at 250 mg/kg bw per day and four at 350 mg/kg bw per day had 
gastric ulceration. Variations similar to those observed in the stomach were seen in 
the urinary bladder {doses not specified), consisting of degenerative lesions and 
haemorrhagic necrosis of the epithelial cell lining, accompanied by extremely severe 
haemorrhagic oedema in the submucosa and muscular layers. Mild-to-moderate 
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enteritis with epithelial cell necrosis and desquamation were reported in the small 
intestine of rats at the highest dose. Additionally, signs of severe haemorrhage and 
degenerative necrosis of the adrenal medulla, varying in degree of severity among 
rats, were reported at the highest dose. Mild fatty infiltration in the liver and cell 
necrosis in the corpora lutea were the only other significant histopathological changes 
reported (Piyachaturawat et al., 1983). 

Groups of six male Wistar rats were fed diets containing black pepper 
oleoresin at a concentration of 11, 22 or 44 mg% (11 0, 220 and 440 ppm, 
respectively), pepper at 0.2% (2000 ppm) or piperine at 10 mg% (100 ppm) at the 
expense of corn starch for a period of 8 weeks. The dietary levels of pepper and 
oleoresin were intended to be approximately 5-20 times the normal daily intake of 
humans. Given that the piperine content of the black pepper oleoresin was 
approximately 45%, the dietary levels of piperine resulting from consumption of the 
oleoresin were approximately 50, 100 and 200 ppm. These levels of piperine in 
pepper oleoresin (45% piperine) were calculated to provide average daily intakes of 
approximately 5, 1 0 and 20 mg/kg bw of piperine. The 1 00 pp m dietary level of 
piperine was calculated to provide an average daily intake of approximately 10 mg/ 
kg bw. A group of control animals was maintained on basal diet. Ingestion of black 
pepper oleoresin, pepper or piperine had no effect on food intake, feed use efficiency, 
organ weights (liver, kidney, spleen and adipose tissue), haematological parameters 
(haemoglobin, red blood cells, white blood cells, lymphocytes and neutrophils) or 
clinical chemistry values (total protein, albumin:globulin ratio, glucose, cholesterol 
and serum aspartate and alanine aminotransferase and alkaline phosphatase 
activities). Isolated, non-dose-dependent variations were observed in nitrogen and 
fat absorption and in the retention of nitrogen in some groups of treated rats (Bhat & 
Chandrasekhara, 1986b). 

N-Ethy/2-isopropy/-5-methy/cyc/ohexanecarboxamide (No. 1601) 

In a 28-day study, groups of six Crj:CD(SD) rats of each sex were given N
ethyl 2-isopropyl-5-methylcyclohexanecarboxamide by gavage daily at a dose of 0 
(vehicle control), 8, 40, 200 or 1000 mg/kg bw. Two additional groups were given 
the vehicle or 1000 mg/kg bw per day for 28 days, followed by a 14-day recovery 
period. No unscheduled deaths were reported and no changes in food consumption 
or urinary parameters were observed. Clinical signs (e.g. salivation, decreased 
spontaneous locomotion, tremor, staggering gait) indicative of general toxicity were 
reported in rats at the highest dose. Milder effects were reported at 200 mg/kg bw 
per day (e.g. salivation) in both sexes and at 40 mg/kg bw per day (e.g. salivation) 
in males. Body-weight gain was significantly reduced in males at the highest dose. 
Changes in haematological and clinical chemistry parameters were noted in rats 
given the highest dose and consisted of increased prothrombin time and reticulocyte 
count (both sexes), increased white blood cell count and activated partial thrombo
plastin time (males), increased y-guanosine triphosphatase, total cholesterol, 
triglyceride and calcium values (both sexes), increased total protein (females) and 
decreased alkaline phosphatase activity and chloride (females). Increased liver 
weights were reported in males and females at 1000 mg/kg bw per day and in 
females at 200 mg/kg bw per day. In males at the highest dose, kidney and testis 
weights were also increased. At necropsy, the gross findings included a dose
dependent response consisting of spotty patterns on kidney surfaces and enlarged 
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livers in males at 200 and 1 000 mg/kg bw per day, enlarged livers and blackish 
changes in the spleen in females at 1 000 mg/kg bw per day, and enlarged kidneys 
in males at 1000 mg/kg bw per day. Histopathological examination revealed dose
dependent swelling of hepatocytes and increased haemosiderin-laden cells in the 
spleens of treated animals of each sex at 200 and 1000 mg/kg bw per day, congestion 
of the spleen in animals of each sex at 1000 mg/kg bw per day, and increased 
numbers of eosinophilic bodies in the kidneys of males at ~ 40 mg/kg bw per day. 
Males at the highest dose continued to show reduced body-weight gain until day 15 
of recovery, after which the body-weight gains began to normalize. In both sexes at 
the highest dose, increased liver weight, swelling of hepatocytes, increased 
haemosiderin-laden cells in the spleen, increased eosinophilic bodies in the kidneys, 
increased total protein levels and decreased chloride concentrations continued to 
be observed during the recovery period; however, the severity and frequency of the 
renal and hepatic changes were less marked than directly after treatment. The NOEL 
was 8 mg/kg bw per day (Miyata, 1995). 

In a 22-week study, groups of 15 Sprague-Dawley (CFY) rats of each sex 
were given N-ethyl 2-isopropyl-5-methylcyclohexane carboxamide by gavage at a 
dose of 0, 100, 300 or 725 mg/kg bw. After initial dosing, but not thereafter, several 
males were lethargic and had mild hypothermia, ataxia and lachrymation, and two 
females at the highest dose were semi-comatose. Throughout the study, mild transient 
salivation was noted in rats at the highest dose and to a lesser extent in those at 
300 mg/kg bw per day. At the end of the second week and for the remainder of the 
study, rats at the highest dose and a few at the intermediate dose showed reduced 
grooming activity. Several rats had mild sialodacryoadenitis during weeks 8-12. 
One male and one female at the highest dose died at week 4; however, the deaths 
were probably the result of an intubation error. Another male at the highest dose 
was killed because of ocular haemorrhage after orbital blood sampling. One male at 
the intermediate dose was found dead during week 12 with signs of lung congestion. 
An additional 11 treated rats died during the last 3 weeks of the study, probably due 
to blood sampling error. 

No significant variations were found in food consumption between test and 
control rats; however, during the first 3 months, males at the two higher doses had 
a dose-related reduction in growth rate. Significantly reduced body-weight gain was 
also reported in females at the highest dose, and rats at the highest dose continued 
to show lower weight gain during the last 9 weeks. The reduced body-weight gain 
observed at the highest dose was accompanied by a reduction in feed use efficiency 
from week 5 of the study. No abnormalities of the eye were reported. At weeks 6 and 
7, urine samples from controls and animals at the two higher doses contained 
leukocytes; however, none were seen at week 12. Epithelial cells were reported in 
urine samples taken at weeks 6 and 7, but not at week 12. Females at the highest 
dose had a dose-related increase in specific gravity with no change in urine volume 
at weeks 7 and 12, whereas males had an increase in volume output with no change 
in specific gravity. An increased urinary volume was observed in males at the 
intermediate dose at week 13. Additionally, reducing substances were found in the 
urine of females with increasing frequency over the test period. The only variations 
in haematological parameters reported were in males at weeks 12, 13, 15 and 22, 
which showed increased blood clotting times in thrombotests in comparison with 
controls; however, this effect was thought to be a result of tissue fluid contamination, 
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and therefore additional blood samples were collected by cardiac puncture at weeks 
21 and 22. At week 21, the thrombotest values for rats at the two lower doses were 
below the upper normal limit; although the values for animals at the highest dose 
remained above the normal limits of variation, the values were markedly reduced 
from previous weeks. At week 22, a further improvement was noted in thrombotest 
values in blood collected by cardiac puncture in comparison with values in blood 
obtained from the orbital sinus. Statistically significant variations in clinical chemistry 
at week 6 were limited to a reduction in serum alkaline phosphatase activity in animals 
at the highest dose in comparison with controls; however, the values were within the 
normal limits of variation. Clinical chemistry parameters examined at week 12 
revealed the following statistically significant changes: increased plasma glucose 
and serum sodium levels, decreased serum alkaline phosphatase activity in males 
at the highest dose and increased total serum protein levels in both sexes. In an 
extension of the study, serum protein was also increased in rats of each sex at the 
two lower doses. Dose-related variations in organ weights were limited to significant 
increases in the absolute and relative liver weights of females in all test groups in 
comparison with controls, and significantly elevated relative liver weights in males 
at the highest dose. All other variations in organ weights were considered to be 
incidental or to reflect body weight differences and, as such, were not deemed to be 
toxicologically significant. The results of gross examinations were unremarkable. 
Although histopathological examination revealed some changes in cardiac and 
pulmonary tissues and in the livers in all groups of animals, the changes were typical 
of this strain of laboratory rat and considered not to be related to treatment (Hunter 
et al., 1974). 

N -Ethyl 2-isopropy/-5-methy/cyc/ohexanecarboxamide (No. 1601) 

Groups of three male and three female beagle dogs were given gelatine 
capsules containing N-ethyl2-isopropyl-5-methylcyclohexanecarboxamide at a dose 
of 0, 1 00, 300 or 1 000 mg/kg bw per day for 52 weeks. One female at 1 000 mg/kg 
bw per day died on day 271. The clinical signs consisted of loose stools in all groups, 
but with greater frequency in treated animals, occasional vomiting at the highest 
dose and convulsive episodes in one dog at the highest dose. Decreased body
weight gain was reported in females during the first 6 weeks of the study, but no 
differences were seen subsequently. Midway through the study (weeks 10-13 and 
19-22), dogs at the highest dose drank significantly more water than controls. Food 
consumption was not affected by treatment. No abnormalities of the eye were 
reported. From week 4 and continuing until study termination, clinical chemistry 
revealed serum alkaline phosphatase activity approximating or in excess of the 
normal upper limits in animals at the highest dose. Serum alanine aminotransferase 
activity exceeding the normal upper limits was observed at 24 weeks in 4/6 dogs at 
the highest dose and 1/6 at 300 mg/kg bw per day and, at week 50, in 3/6 dogs at 
the highest dose, 2/6 receiving 300 mg/kg bw per day and 1/6 receiving 100 mg/kg 
bw per day of the test substance. The gross findings consisted of enlarged, unusually 
dense, discoloured livers in 4/6 dogs at the highest dose and 1/6 dogs at 300 mg/kg 
bw per day. The absolute and relative spleen and liver weights of dogs at the highest 
dose were significantly higher than those of controls. No treatment-related histopatho
logical changes were reported (James, 1974). 
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In a preliminary 28-day study, groups of one male and one female beagle 
dog were given gelatine capsules containing N-ethyl2-isopropyl-5-ethylcyclohexane
carboxamide at a dose of 0, 600, 1000 or 1500 mg/kg bw per day for 4 weeks. 
Occasional vomiting and loose faeces were reported in treated animals at every 
dose. Additionally, an incident of convulsion was reported on the first day of treatment 
in a dog at 600 mg/kg bw per day. Although no dose-related effects were observed 
on body weight, most dogs gained little or no weight during the first week of treatment; 
however, appetite was not adversely affected. At necropsy, the liver weights of most 
dogs were higher than the normally accepted upper limit of 4% of body weight; 
however, no macroscopic abnormalities were found. No additional study details were 
provided (James, 1974). 

1-Pyrro/ine (No. 1603) 

For the first 7 days of a 14-day study, a group of five male and five female 
Sprague-Dawley rats was given a diet containing 150 ppm of 1-pyrroline, reduced 
to 115 ppm for the remainder of the study. A control group of animals was maintained 
for the duration of the study. The authors calculated the average intake of 1-pyrroline 
to be 12.9 and 12.2 mg/kg bw per day for males and females, respectively. No early 
deaths and no signs of gross toxicity, adverse pharmacological effects or abnormal 
behaviour were reported. The food consumption of test animals was comparable to 
that of controls, and all animals were reported to gain weight and to be active and 
healthy throughout the study. At necropsy, no significant variations were observed 
in liver or kidney weights of test animals in comparison with controls. Likewise, the 
gross findings were unremarkable, and there were no histopathological changes in 
the liver or kidney attributable to treatment (Wnorowski, 1995). 

Piperidine (No. 1607) 

Groups of five or six male Sprague-Dawley rats were given diets containing 
0, 0.04%, 0.08%, 0.16%, 0.31% or 0.62% piperidine for 14 days (equivalent 0, 40, 
80, 160, 310 and 620 mg/kg bw per day). Subsequently, rats fed 0.08%, 0.16% or 
0.31% piperidine were continued on the same diets for an additional84 days. Urine 
samples taken on day 70 and blood samples taken on day 80 were analysed. No 
significant differences in urinary, haematological or clinical chemistry parameters, 
body weights, organ weights or histopathological appearance were seen between 
rats fed the 0.08% diet and controls. Rats at 0.16% and 0.31% gained significantly 
less weight than controls. At necropsy, full pathological examination revealed 
significant alterations in the seminal vesicles (reductions in size, weight and number 
of secretory granules) and prostate (tubular collapse and a reduced amount of 
secretory materials) in rats at 0.31% piperidine. No effects were reported at dietary 
levels of 0.04% and 0.08% (40 and 80 mg/kg bw per day) (Amoore et al., 1978). 

Pyrrolidine (No. 1609) 

In a 12-month study, the effect of a secondary amine (pyrrolidine) ingested 
in combination with nitrite on the incidence of tumours in mice was examined. Four 
groups of 10 female Swiss-ICR mice were given basal diet and drinking-water ad 
libitum. The drinking-water of test groups contained 100 mg/1 N-nitrosopyrrolidine, 
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1000 mg/1 sodium nitrite or 1000 mg/1 sodium nitrite plus 100 mg/1 pyrrolidine. The 
control group received pure drinking-water. On the basis of water consumption, the 
authors estimated the intake of pyrrolidine to be 16.5 mg/kg bw per day. This study 
was repeated four times in four consecutive years. After each 12-month period, 
mice were killed and necropsied, and lung, liver, kidney, stomach and intestine 
sections were fixed for microscopic examination. There were no statistically significant 
differences in water or food consumption, survival or weight gain between pyrrolidine 
(plus nitrite)-treated and control mice; however, the water consumption of the mice 
given nitrite only was significantly lower than that of controls. Statistically significant 
increases in the total numbers and in the numbers of malignant liver and lung 
neoplastic lesions and in the average total and number of malignant tumours per 
mouse were observed in groups given N-nitrosopyrrolidine in their drinking-water. 
Ingestion of pyrrolidine (plus nitrite) did not increase the incidence of tumours 
(Pearson et al., 1982). 

Trimethylamine (No. 1610) 

Groups of five or six male Sprague-Dawley rats were given diets containing 
0, 0.08, 0.16, 0.31 or 0.62% trimethylamine for 14 days (equivalent to 0, 80, 160, 
310 and 620 mg/kg bw per day). Subsequently, rats fed 0.08%, 0.16%, 0.31% or 
0.62% trimethylamine were continued on the same diets for an additional 84 days. 
Urine samples taken on day 70 and blood samples taken on day 80 were examined. 
No significant differences in urinary, haematological or clinical chemistry parameters, 
body weights, organ weights or histopathological appearance were reported between 
rats at 0.08% or 0.16% and controls. Rats at 0.31% and 0.62% grew significantly 
less than controls. At necropsy, full pathological examination revealed significant 
alterations in the seminal vesicles (reductions in size, weight and number of secretory 
granules) and prostate (tubular collapse and reduced amount of secretory materials) 
of rats fed 0.62% trimethylamine. No effects were reported at dietary levels of 0.08% 
or 0.16% (80 or 160 mg/kg bw per day) (Amoore et al., 1978). 

Triethylamine (No. 1611) 

Groups of 50 male and 50 female Fischer rats were exposed by inhalation 
daily to 0, 25 or 247 ppm triethylamine for 6 h/day, 5 days per week for up to 28 weeks, 
corresponding to an estimated daily oral intake of 16 or 157 mg/kg bw (Fassett, 
1978). Food and water were provided ad libitum between exposures, and the animals 
were monitored daily for changes in behaviour and appearance. Body weights were 
recorded the day before the first exposure, every 2 weeks thereafter and immediately 
before sacrifice. Ten randomly selected animals from each group were killed after 
32-34 and 58-61 days of exposure. No statistically significant effects on body 
weights, organ weights or haematological, clinical chemistry or electrocardiographic 
indices were reported. No gross or histopathological changes were observed that 
were related to exposure (Lynch et al., 1990). 

Piperazine (No. 1615) 

A study was conducted to examine the effect of nitrosation of ingested amines 
in vivo on the incidence of lung adenomas in mice. Groups of 40-80 Swiss mice of 
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each sex were given diets containing 0 or 0.625% piperazine (equivalent to 938 mg/kg 
bw per day) in combination with drinking-water containing 0 or 1 g/1 sodium nitrite 
for 28 weeks (sodium nitrite was given 5 days/week, while test feed was provided 
continuously). The animals were subsequently maintained on basal diets and tap 
water for 12 weeks before necropsy at 40 weeks. No significant variations were 
observed in body-weight gain. In comparison with the control group, no significant 
differences in the incidence of lung adenomas were observed in mice given piperazine 
only; however, in mice receiving piperazine plus sodium nitrite, the incidence of 
lung adenomas was significantly increased over that in untreated controls. The 
incidence of malignant lymphomas and other tumours was comparable in both groups 
(Greenblatt et al., 1971 ). 

(c) Long-term studies of toxicity and carcinogenicity 

The results of long-term studies are summarized in Table 4 and are described 
below. 

Acetamide (No. 1592) 

Sixty inbred male Leeds rats were maintained on a diet containing 5% by 
weight acetamide (equivalent to 2500 mg/kg bw per day) for up to 35 weeks, while 
40 rats of the same strain received a control diet. The test animals were returned to 
the control diet from the end of week 35 until termination of the study at 17 months. 
Four treated and four control animals were killed at day 9, in weeks 4, 10, 26 and 35 
of treatment and 1, 4 and 6 months after treatment. All the surviving rats were 
necropsied at 17 months. At sacrifice, hepatic tissue was taken from each animal 
and preserved for electron microscopy, and samples from the liver, pancreas, kidney, 
spleen and lung plus any tumours or tissues with lesions were preserved for 
histological examination. Survival, food consumption and body-weight gain were 
comparable in test and control groups. After 26 weeks of treatment, all the necropsied 
animals showed neoplastic nodules of the liver, which increased in abundance during 
the remainder of the experiment. Hepatocellular carcinoma was initially reported in 
one of four rats necropsied 1 month after the end of treatment and, subsequently, in 
5/10, 7/8 and all four rats necropsied at 4, 6 and 9 months after the end of treatment, 
respectively. Of the four hepatocellular carcinomas reported at 9 months, three 
metastasized to either the mesenteric tissues or lungs. Hepatic parenchyma! cells 
had undergone fine structural changes, including early glycogen depletion, dispersal 
and dislocation of the rough endoplasmic reticulum, proliferation of smooth 
endoplasmic reticulum, nuclear irregularities and nucleolar abnormalities. Electron 
microscopy additionally revealed occasional enlargement of the bile canaliculi, with 
few microvilli. Although apparent recovery of glycogen stores was seen during the 
recovery period, the glycogen was usually interspersed with elements of proliferated 
smooth endoplasmic reticulum. Considerable morphological variation was seen in 
the cells of the neoplastic nodules; most of the hepatocellular carcinomas were of 
the trabecular type and were moderately well differentiatied. Nodules and carcinomas, 
and in some cases both, persisted after withdrawal of acetamide from the diet. The 
authors reported that, overall, the morphological changes observed in the liver were 
consistent with acquired resistance and adaptive response to carcinogens in new 
populations of initiated hepatocytes (Fiaks et al., 1983). 
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1,6-Hexalactam (No. 1594) 

Mice 

Groups of 50 male and 50 female B6C3F1 mice were fed diets containing 0, 
7500 or 15 000 ppm 1 ,6-hexalactam (equivalent to 0, 1125 or 2250 mg/kg bw per 
day) for 103 weeks and observed for an additional2 weeks (total observation period, 
105 weeks). Throughout the study, animals were observed twice daily for any signs 
of toxicity, and clinical signs were recorded monthly. All moribund animals and those 
that survived until the end of the study were necropsied. The mean body weights, 
monitored every 2 weeks for the first 13 weeks of the study and monthly thereafter, 
of male and female mice were lower than those of controls throughout the study 
(statistics not reported); however, food consumption did not differ from that of controls. 
The survival of treated males was comparable to that of controls (80-96%), but 
control females had significantly poorer survival (76%) than females at the lower 
(82%) or higher dose (92%). The incidence of none of the neoplasms found at 
necropsy in treated animals (alveolar-bronchiolar adenomas of the lung, lymphomas 
and leukaemia of the haematopoietic system, haemangiosarcoma and hepatocellular 
adenomas or carcinomas) was significantly increased in comparison with controls. 
Likewise, the frequency and severity of non-neoplastic lesions in test animals were 
comparable with those in controls. The authors noted that the observed neoplasms 
were typical of those seen in this strain of mouse. Under the condition of this study, 
1 ,6-hexalactam was not carcinogenic (National Toxicology Program, 1982). 

Rats 

Groups of 50 male and 50 female Fischer 344 rats were fed diets containing 
0, 3750 or 7500 ppm 1 ,6-hexalactam (equivalent to 0, 187.5 and 375 mg/kg bw per 
day) for 103 weeks and observed for an additional 2 weeks for a total observation 
period of 105 weeks. Animals were observed twice daily for signs of toxicity, and 
clinical signs were recorded monthly. Body weights were recorded every 2 weeks 
for the first 13 weeks of the study and monthly thereafter. All moribund animals and 
those that survived until the end of the study were necropsied. The mean body 
weights of treated rats were lower than those of controls in a dose-dependent manner 
(statistics not reported). Food consumption decreased with dose, such that the food 
consumption of rats at the higher dose was 70-80% that of controls. Survival 
(64-84%) was comparable in all groups, including controls. The neoplastic (interstitial
cell tumours of the testis, carcinomas of the pituitary and liver, adenomas and 
carcinomas of the thyroid, adrenal tumours, papillary adenocarcinomas of the 
mammary gland, leukaemia and lymphoma, uterine polyps and fibromas or fibro
sarcomas of the subcutaneous tissue) and non-neoplastic lesions found at necropsy 
were considered to be of the types and frequencies commonly seen in ageing Fischer 
344 rats and none was considered related to treatment. Under the conditions of this 
study, 1 ,6-hexalactam was not carcinogenic (National Toxicology Program, 1982). 

(e) Genotoxicity 

Genotoxicity has been tested with 17 aliphatic and aromatic amines and 
amides. The results of these tests are summarized in Table 5 and described below. 
The conversions used are shown in the table. 



Table 5. Studies of genotoxicity with aliphatic and aromatic amines and am ides Co) 

~ 
No. Agent End-point Test object Dose or concentration Results Reference 

In vitro 
1579 Ethylamine Reverse mutation S. typhimuriumTA98, TA100, 1 00-1 oooo 11g/plate Negative• Mortelmans et al. 

TA1535, TA1537 (1986) 
1581 lsopropylamine Reverse mutation S. typhimuriumTA98, TA100, 1 0-1 0 000 11g/plate Negative• Zeiger et al. (1987) 

TA1535, TA1537 
1582 Butylamine Reverse mutation S. typhimuriumTA98, TA100, 3.3-3333 11g/plate Negative• Zeiger et al. (1987) 

TA1535, TA1537 
1582 Butylamine Reverse mutation S. typhimuriumTA100 3 11mol/plate Negative• Florin et al. (1980) )::, 

(219 11g/plate )b r-
1583 lsobutylamine Reverse mutation S. typhimuriumTA98, TA100, 33-1 0 000 11g/plate Negative• Mortelmans et al. ;; 

TA1535, TA1537 (1986) ~ 
1584 sec-Butylamine Reverse mutation S. typhimuriumTA98, TA100, 10-3333 11g/plate Negative• Zeiger et al. (1987) :::! 

TA1535, TA1537 () 

1585 Pentylamine Reverse mutation S. typhimuriumTA98, TA100, 33-3333 llg/plate Negative• Mortelmans et al. 
)::, 

TA1535, TA1537 (1986) ~ 
1590 Tyramine Forward mutation Mouse lymphoma L5178Y 500-3500 11g/ml Negative McGregor et al. (1988) )::, 

cells ::0 
0 

1590 Tyramine Forward mutation Mouse lymphoma L5178Y 0.08, 0.80, 2.0, 4.0 or Positive•.! Wangenheim & ~ cells 6.0 mmol/1 (11, 109,274, Bolcsfoldi (1988) :::! 548 and 823 llg/ml)c.d () 
1590 Tyramine Forward mutation Mouse lymphoma L5178Y 0.40, 0.80, 1.60, 2.39 or Positivef.g Wangenheim & )::, 

cells 3.2 mmol/1 (55, 109, 220, Bolcsfoldi (1988) §;; 
327 and 439 llg/ml)c.d ~ 

1592 Acetamide Reverse mutation S. typhimuriumTA98, TA100, 1 00-1 0 000 11g/plate Negative• Haworth et al. (1983) m 
TA1535, TA1537 )::, 

1592 Acetamide DNA repair E. coli 343/591 uvrB-/recA-/Iac+ s; 1080 mmol/1 Negative• Hell mer & Bolcsfoldi ~ 
and uvrB-trecA-/Iac+ (63 793 llg/ml)i (1992) )::, 

1592 Acetamide Single-strand DNA Rat hepatocytes 0.03, 0.3, 3, 10, 30, 100, Negative Sina et al. (1983) ~ breaks 300 or 1000 mmol/1 (2, 
18, 177, 591' 1772, 5907, m 
17 720 and 59 068 llg/ml)i 



Table 5 (contd) :b 
1"-

No. Agent End-point Test object Dose or concentration Results Reference 
~ 
~ 

1595 2-lsopropyi-N-2,3- Reverse mutation S. typhimuriumTA98, TA100, 200, 1 ,000, 5,000, 10,000 Negative• Haworth et al. (1978) ::! 
(") 

trimethylbutyramide TA1535,TA1537, TA1538 or 20,000 Jlg/plate :b 
1595 2-lsopropyi-N-2,3- Forward mutation Mouse lymphoma L5178Y 0.01-1000 Jlg/ml Negative• Kirby et al. (1978) ~ 

0 trimethylbutyramide cells :b 
1595 2-lsopropyi-N-2,3- Unscheduled DNA Wl-38 cells (human) 125-2000 Jlg/mli Negative• Skinner (1978) lJ 

trimethylbutyramide synthesis 0 
1598 N-lsobutyi-(E, E)- Reverse mutation S. typhimuriumTA98, TA100, 5-1500 Jlg/platek Negative• King (2003) ~ 

2,4-decadienamide TA102,TA1535,TA1537 ::! 
1598 N-lsobutyi-(E,E)- Reverse mutation S. typhimuriumTA98, TA100, 5-5000 11g/plate1 Negative9 King (2003) (") 

:b 2,4-decadienamide TA102,TA1535,TA1537 §; 
1600 Piperine Reverse mutation S. typhimuriumTA97a, TA98, 0.01, 0.5 or 10 Jlmol/ Negative• Karekar et al. (1996) 

~ TA100,TA102 plate (3, 143 and 2853 
Jlg/plate )m 

Cl) 

:b 
1600 Piperine Reverse mutation S. typhimuriumTA97a, TA98, 0.005, 0.05, 0.5 or Negative• Karekar et al. (1996) 

~ (pre-incubation) TA100, TA102 5 11mol/plate (1, 14, 143 
and 1427 Jlg/plate )m.n :b 

§; 1600 Piperine Reverse mutation S. typhimuriumTA98, TA100, 1000 119 Negative• Andrews et al. (1980) 0 
TA1535,TA1537, TA1538 m 1607 Piperidine Reverse mutation S. typhimuriumTA98, TA100, 3 Jlmol/plate Negative• Florin et al. (1980) 
TA1535,TA1537 (255 Jlg/plate) 

1607 Piperidine Reverse mutation S. typhimurium TA 1530, 1-5 mg/plate (1000- Negative Green & Savage 
TA1531,TA1532,TA1964 5000 Jlg/plate )0 (1978) 

1607 Piperidine Reverse mutation S. typhimurium TA 1530, 0.15 mol/1 Negative Green & Savage 
(microsomal assay) TA1531,TA1532,TA1964 (12 772Jlg/mi}0 ·P (1978) 

1607 Piperidine Reverse mutation S. typhimurium TA 1950, 800 mg/kg bw'l Negative Green & Savage 
(host-mediated, TA1951,TA1952,TA1964 (1978) 
mice) 

1607 Piperidine Forward mutation Mouse lymphoma L5178Y 3.03, 4.04, 5.05, 6.06 or Positive•·1 Wangenheim & 
cells 7.07 mmol/1 (258, 344, Bolcsfoldi (1988) CA) 

430, 516 and 602Jlg/ml)0 CIO ...... 



Table 5 (contd) t.) 

~ 
No. Agent End-point Test object Dose or concentration Results Reference 

1607 Piperidine Forward mutation Mouse lymphoma L5178Y 4.04, 5.05, 6.06, 7.07 or Negative9 Wangenheim & 
cells 8.08 mmol/1 (344, 430, Bolcsfoldi (1988) 

516, 602 and 68811g/ml)0 

1607 Piperidine Forward mutation Mouse lymphoma L5178Y 2.0, 4.01 or 6.01 mmol/1 Negative• Garberg et al. (1988) 
cells (170, 341 and 512!!g/m)0 

1607 Piperidine Forward mutation Mouse lymphoma L5178Y 2.0, 4.01, 6.01 or 8.02 Equivocal9-' Garberg et al. (1988) 
cells mmol/1 (170, 341,512 

and 683 11g/ml)0 

:b. 
1607 Piperidine DNA repair E. coli 343/591 uvrB-/recA-/ 33.7 mmol/1 Negative• Hell mer & Bolcsfoldi r--

lac+ and uvrB+/recA+/Iac+ (2870 11g/ml)0 •5 (1992) ii 
1607 Piperidine DNA repair E. co/i343/591 uvrB-/recA-/ 101 mmol/1 Negative• Hell mer & Bolcsfoldi ~ 

lac+ and uvrB+ /recN /lac+ (8600 11g/ml)0
•
5 (1992) :::! 

1607 Piperidine Single-strand DNA Rat hepatocytes 0.03, 0.3 or 3 mmol/1 Negative Sina et al. (1983) (') 

:b. breaks (2.6, 26 and 255 11g/ml)0 

~ 1609 Pyrrolidine Reverse mutation S. typhimurium TA 100 :;:; 3 11mol/plate Negative• Florin et al. (1980) 
(2131-lg/plate)t :b. 

1609 Pyrrolidine Reverse mutation S. typhimurium TA 1530, 1-5 mg/plate (1000- Negative Green & Savage lJ 
0 

TA1531,TA1532,TA1964 5000 11g/plate )0 (1978) ~ 1609 Pyrrolidine Reverse mutation S. typhimurium TA 1530, 0.5 mol/1 (35 561 11g/ml)1 Negative Green & Savage 
:::! (microsomal assay) TA1531, TA1532, TA1964 (1978) (') 

1609 Pyrrolidine Reverse mutation S. typhimurium TA 1950, 800 mg/kg bwq Negative Green & Savage :b. 
(host-mediated, TA1951,TA1952,TA1964 (1978) ~ 
mice) <: 

1610 Trimethylamine Reverse mutation S. typhimurium TA98, 1 Q--1 000 11g/plate Negative• Mortelmans et al. m 
TA100,TA1535,TA1537 (1986) :b. 

1611 Triethylamine Reverse mutation S. typhimuriumTA98, TA100, 10-1 0 000 11g/plate Negative• Zeiger et al. (1987) ~ 
TA1535, TA1537 :b. 

1615 Piperazine Reverse mutation S. typhimuriumTA98, TA100, 33-3167 11g/plate Negative• Haworth et al. (1983) ~ 
TA1535, TA1537 0 

m 



Table 5 (contd) ~ ..... 

No. Agent End-point Test object Dose or concentration Results Reference 
=ti 
~ 

In vivo :::! 
C) 

1592 Acetamide DNA damage Male ddy mice 2000 mg/kg bw" Positivev Sasaki et al. (2000) ~ 
(Comet assay) ~ 

1592 Acetamide Micronuclei (bone C57BI/6 mice 2500 or 5000 mg/kg bww Negative Mirkova (1996) ~ 
marrow) ::0 

1592 Acetamide Micronuclei (bone Male CBA mice 5000 mg/kg bWW Negative Mirkova (1996) 0 
marrow) ~ 

1592 Acetamide Micronuclei (bone Male CD1 mice 500-5000 mg/kg bw' Negative Morita et al. (1997) :::! 
marrow and periphe- C) 

~ 
ral blood) ~ 1592 Acetamide Micronuclei (bone Male BDF1 mice 1250-5000 mg/kg bw' Negative Morita et al. (1997) 

m marrow and periphe-
ral blood) 

~ 
1592 Acetamide Micronuclei (bone Female C57BI/6 mice 3.39 mmol/kg bw Positive Chieli et al. (1987) 

~ marrow) (200 mg/kg bw)v.z 
1594 1,6-Hexalactam DNA damage Male ddy mice 2000 mg/kg bWW Negative Sasaki et al. (2000) ~ 

(Comet assay) ~ 
1594 1,6-Hexalactam Replicative DNA Male Fischer 344 rats 350 or 700 mg/kg bwaa Negative Uno et al. (1994) m synthesis 
1594 1,6-Hexalactam Replicative DNA Male B6C3F1 mice 250 or 500 mg/kg bWW Negative Miyagawa et al. 
(1995) 

synthesis 
1594 1,6-Hexalactam Mammalian spot (C57BixT)F1 mouse embryos 400 or 500 mg/kg bww Positivebb Fahrig (1989) 
1594 1,6-Hexalactam Mammalian spot (TxHT)F 1 mouse embryos 500 mg/kg bw"c Positivedd Neuhauser-Kiaus & 

Lehmacher (1989) 
1594 1,6-Hexalactam Mammalian spot (TxHT)F1 mouse embryos 700 mg/kg bw"c Negative Neuhauser-Kiaus & 

Lehmacher (1989) 
1594 1,6-Hexalactam Sex-linked recessive Male D. melanogaster 5 mmol/lee (566 11g/ml)ff Negative Vogel (1989) 

lethal mutations larvae Co) 

1594 1,6-Hexalactam Sex-linked recessive Female D. melanogaster 5 or 20 mmol/1•• Positive Vogel (1989) ~ 
lethal mutations larvae (566 or 2263 11g/ml)ff 



Table 5 (contd) CA) 

~ 
No. Agent End-point Test object Dose or concentration Results Reference 

1594 1 ,6-Hexalactam Somatic mutation/ Female D. melanogaster 2.5, 5, 1 0 or 20 mmol/1•• Positive Vogel (1989) 
mitotic recombina- larvae (283, 566, 1132 and 
tion 2263 ~g/ml)ff 

1594 1 ,6-Hexalactam Chromosomal Male and female 1C3F1 mice 1 000 mg/kg bww Negative Adler & lngwersen 
aberrations (bone (1989) 
marrow) 

1600 Piperine Micronuclei (bone Male Swiss mice 1 0 or 20 mg/kg bww Negative Karekar et al. (1996) 
marrow) :t:.. 

1600 Piperine Micronuclei (bone Male Swiss mice 1 , 2 or 4 mglkg bw99 Negative Muralidhara & r-
marrow) Narasimhamurthy ~ 

(1990) $; 
1600 Piperine Sperm morphology Male Swiss mice 1 0 or 50 mg/kg bw Negative Karekar et al. (1996) :::! 

per dayhh C) 

1600 Piperine Sperm morphology Male Swiss mice 35, 50 or 75 mg/kg bw Negative Daware et al. (2000) :t:.. 
per dayii e5 

1600 Piperine Sperm morphology Male Swiss mice 1, 2 or 4 mg/kg bw per Negative Muralidhara & :t:.. 
day~ Narasimhamurthy ::n 

0 
(1990) ~ 1600 Piperine Dominant lethal Male and female Swiss mice 1 0 or 50 mg/kg bww Negative Karekar et al. (1996) :::! mutations C) 

1600 Piperine Dominant lethal Male Swiss mice 4 mg/kg bw/dayii Negative Muralidhara & :t:.. 
mutations Narasimhamurthy s: 

(1990) ~ 
1607 Piperidine Mitosis in adreno- Male Wistar rats 100 mg/kg bw in dimethyl Negative Danz & Urban (1979) m 

cortical cells sulfoxidew :t:.. 
1607 Piperidine Mitosis in adreno- Male Wistar rats 100 mg/kg bw in Negative Danz & Urban (1979) e5 

cortical cells 1% Tylosew :t:.. 
1607 Piperidine Sperm morphology Male hybrid mice 400 mg/kg bw per day"k Negative Bempong & Scully ~ (1983) 

m 



Table 5 ( contd) 

No. Agent End-point Test object 

1607 Piperidine Sperm morphology Male golden Syrian hamsters 

1609 Pyrrolidine Mitosis in adreno- Male Wistar rats 
cortical cells 

1609 Pyrrolidine Mitosis in adreno- Male Wistar rats 
cortical cells 

• With and without metabolic activation from rat liver microsomes (S9) 
b Calculated from relative molecular mass for butyrlamine = 73.14 g/mol 
c Calculated from relative molecular mass for tyramine = 137.18 g/mol 

Dose or concentration Results Reference 

400 mg/kg bw/daykk Negative Bempong & Scully 
(1983) 

1 00 mg/kg bw in Negative Danz & Urban (1979) 
1% Tylosew 
100 mg!kg bw in dimethyl Positive Danz & Urban (1979) 
sulfoxidew 

d Compound actually used was tyramine hydrochloride at concentrations of 0.101-7.59 mmol/1 (18-1318 j.Lg/ml) without metabolic activation, and 
0.506-4.05 mmol/1 (88-703j.Lg/ml) with metabolic activation 

e Without metabolic activation 
1 Significant increases in mutation frequency only at cytotoxic doses 
g With metabolic activation 
h Tyrosine was nitrosated (incubated for 60 min at 37 ac with 25 mmol/1 sodium nitrite) before test 
1 Calculated from relative molecular mass for acetamide = 59.07 g/mol 
i Cytotoxic at 2000 j.Lg/ml 
k Toxic and precipitated at 1500 j.Lg/plate 
1 Toxic and precipitated at 5000 j.Lg/plate 
m Calculated from relative molecular mass for piperine = 285.34 g/mol 
n Toxic at 5 j.lmol/plate without metabolic activation 
o Calculated from relative molecular mass for piperidine = 85.15 g/mol 
P Highest non-cytotoxic concentration 
q Intraperitoneal injection of S. typhimurium and intramuscular injection of test material 
' Results did not meet the criteria for positive or negative classification 
s Concentration at which a significant reduction in the number of colonies of each strain was observed; however, the highest concentration of 

piperidine tested was 1 01 0 mmol/1. 
1 Calculated from relative molecular mass for pyrrolidine = 71.12 g/mol 
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Table 5 (contd) 

" Administered as a single intraperitoneal injection 
v Increased DNA damage observed in stomach, colon, lungs and bone marrow 
w Administered as a single dose by gavage 
x Single, double or quadruple intraperitoneal injections, separated by 24 h 
Y Administered by gavage 30 and 6 h before sacrifice 
z Calculated from relative molecular mass for acetamide= 59.07 g/mol 
aa Administered as a single subcutaneous injection 
bb Frequency of spots of genetic relevance significantly increased relative to controls in one 

of three trials, only at the highest dose (500 mg/kg bw) 
cc Administered at a single dose (route not specified) 
dd Significant increase in spots of genetic relevance observed in one of four groups 

receiving 500 mg!kg bw 
ee Administered in the diet 
ff Calculated from relative molecular mass for 1,6-hexalactam = 113.16 g/mol 
gg Two intraperitoneal injections at 0 and 24 h 
hh Administered by gavage for 5 days 
;; Administered orally for 5 consecutive days 
ll Administered intraperitoneally for 5 days, followed by a 35-day maintenance period 
kk Administered orally for 100 days; on day 40 and every subsequent 5 days, three mice 

were killed for examination of sperm morphology 

In vitro 

No mutagenicity was found in the standard Ames assay when various strains 
of Salmonella typhimurium (TA97a, TA98, TA100, TA102, TA1535, TA1537, TA1538, 
TA1530, TA1531, TA1532 and TA1964) were incubated with up to 10 000 J.lg/plate 
of ethylamine (No. 1579), isopropylamine (No. 1581 ), butylamine (No. 1582), 
isobutylamine (No. 1583), pentylamine (No. 1585), acetamide (No. 1592), 2-isopropyi
N-2,3-trimethybutyramide (No. 1595), N-isobutyi-(E,E)-2,4-decadienamide (No. 
1598), piperine (No. 1600), piperidine (No. 1607), pyrrolidine (No. 1609), trimethyl
amine (No. 161 0), triethylamine (No. 1611) or piperazine (No. 1615) with or without 
metabolic activation (Green & Savage, 1978; Haworth et al., 1978; Andrews et al., 
1980; Florin et al., 1980; Haworth et al., 1983; Mortelmans et al., 1986; Zeiger et al., 
1987; Karekar et al., 1996; King, 2003). 

In a host-mediated assay in which S. typhimurium strain TA 1950, TA 1951, 
TA 1952 or TA 1964 was injected intraperitoneally into mice followed by an 
intramuscular injection of 800 mg/kg bw of piperidine or pyrrolidine, no mutagenicity 
was observed (Green & Savage, 1978). 

There was no evidence of DNA damage when Escherichia coli 343/591 
uvrB-/recA-/Iac+ or uvrB+/recA+/Iac+ was incubated with up to 1080 mmol/1 
(63 793 J.Lg/ml) of acetamide (No. 1592) or up to 33.7 mmol/1 (2870 J.lg/ml) of piperidine 
(No. 1607) (Hell mer & Bolcsfoldi, 1992). In the SOS Chromotest with E. coli PQ37, 
the N-nitroso derivative of tyramine (No. 1590) gave positive results (Ohshima et 
al., 1989). 

Assays in mammalian cell lines have been performed with tyramine (No. 
1590), acetamide (No. 1592), 2-isopropyi-N-2,3-trimethylbutyramide (No. 1595) and 
piperidine (No. 1607). Unscheduled DNA synthesis was not increased when Wl-38 
human cells were incubated with 125-2000 J.Lg/ml of 2-isopropyi-N-2,3-trimethyl
butyramide (Skinner, 1978). No single-strand DNA breaks were reported when 0.03-
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1 000 mmol/1 (2-59 068 11g/ml) of acetamide or 0.0-3 mmol/1 (2.6-255 11g/ml) of 
piperidine were incubated with rat hepatocytes (Sina et al., 1983). Mixed results 
have been reported with tyramine and piperidine in the mouse lymphoma forward 
mutation assay: positive results were reported for both compounds when tested at 
up to 823 and 68811g/ml, respectively, in L5178Y mouse lymphoma cells with and 
without metabolic activation, but only at cytotoxic doses (Wangenheim & Bolcsfoldi, 
1988). No mutagenic effects were reported when tyramine and 2-isopropyi-N,2,3-
trimethylbutyramide were tested at concentrations up to 3500 and 1 000 11g/ml, 
respectively, in L5178Y mouse lymphoma cells (Kirby et al., 1978; McGregor et al., 
1988). No mutagenic effects were observed when piperidine was tested at 
concentrations up to 512 11g/ml without metabolic activation in L5178Y mouse 
lymphoma cells; however, equivocal results were obtained when metabolic activation 
was added (Garberg et al., 1988). 

In vivo 

In male and female C57BI/6, male CBA, male CD1 and male BDF1 mice, a 
single dose of acetamide (No. 1592) of up to 5000 mg/kg bw did not induce 
micronuclei in bone marrow or peripheral blood when administered by gavage or 
intraperitoneal injection (Mirkova, 1996; Morita et al., 1997). Micronuclei were found 
in the bone marrow of female C57BI/6 mice given 3.39 mmol/kg bw (approximately 
200 mg/kg bw) of acetamide by gavage 30 and 6 h before termination; however, no 
dose-response relation was seen, as only a single dose was used (Chieli et al., 
1987). 

Piperine (No. 1600) did not induce micronuclei in the bone marrow of male 
Swiss mice given a single dose of 10 or 20 mg/kg bw by gavage (Karekar et al., 
1996) or two intraperitoneal doses (at 0 and 24 h) for a total dose of up to 4 mg/kg 
bw (Muralidhara & Narasimhamurthy, 1990). 

Male and female 1 C3F1 mice were given a single dose of 1 000 mg/kg bw of 
1 ,6-hexalactam (No. 1594) by gavage, and bone marrow was sampled from groups 
of 10 animals after 24, 30 and 48 h. Colchicine was administered to the mice 1 h 
before sacrifice. No chromosomal aberrations were seen (Adler & lngwersen, 1989). 
The Comet assay was used to quantify DNA damage in cells from organs of male 
ddy mice given either acetamide (No. 1592) or 1 ,6-hexalactam (No. 1594). No DNA 
damage was reported in mice given a single dose of 2000 mg/kg bw of 1 ,6-
hexalactam by gavage; however, DNA damage was reported in the stomach, colon, 
lungs and bone marrow of mice given a single intraperitoneal injection of acetamide 
at 2000 mg/kg bw (Sasaki et al., 2000). 

1 ,6-Hexalactam (No. 1594) did not induce replicative DNA synthesis in rat or 
mouse hepatocytes after treatment in vivo or in vitro at a dose of 350 or 700 mg/kg 
bw or 250 or 500 mg/kg bw, respectively (Uno et al., 1994; Miyagawa et al., 1995). 
In the mouse spot test, a single [route not stated but assumed to be intraperitoneal] 
injection of 1 ,6-hexalactam at a dose of up to 500 mg/kg bw significantly increased 
the frequency of spots over those in controls (Neuhauser-Kiaus & Lehmacher, 1989); 
however, statistically significant effects were observed in only one of three or four 
trials. lt has been suggested that the colour spots observed were indicative of mitotic 
recombination and not mutation (Fahrig, 1989). Moreover, administration of 
700 mg/kg bw in one trial did not significantly increase the frequency of spots over 
that in controls (Neuhauser-Kiaus & Lehmacher, 1989). 
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Female Drosophila melanogasterlarvae fed up to 20 mmol/1 (22631lg/ml) of 
1 ,6-hexalactam (No. 1594) showed sex-linked recessive lethal mutations and somatic 
mutation-mitotic recombination, whereas male larvae fed up to 5 mmol/1 (5661lg/ml} 
did not have sex-linked recessive lethal mutations (Vogel, 1989). 

Piperidine (No. 1607) and pyrrolidine (No. 1609) were tested for promoting 
activity in male Wistar rats given a single dose of 1 00 mg/kg bw of the test substance 
by gavage in dimethyl sulfoxide or 1% Tylose. The number of mitoses in the adrenal 
cortex was examined 36 h after dosing. Only administration of pyrrolidine in dimethyl 
sulfoxide caused a statistically significant increase (approximately twofold} in the 
number of mitoses over that in controls (Danz & Urban, 1979). 

Piperine (No. 1600) and piperidine (No. 1607) did not cause mutations in 
male germ cells, as assessed by sperm shape abnormality and tests for dominant 
lethal mutations in mice and hamsters. Mice given piperine at doses up to 75 mg/kg 
bw per day by gavage or up to 4 mg/kg bw per day by intraperitoneal injection for 
5 days showed no sperm shape abnormalities or dominant lethal mutations 
(Muralidhara & Narasimhamurthy, 1990; Karekar et al., 1996; Daware et al., 2000). 
In another study, an oral dose of 400 mg/kg bw per day of piperidine for 40-100 days 
did not induce sperm shape abnormalities in mice or hamsters (Bempong & Scully, 
1983). 

Conclusions 

Negative results were reported in bacterial assays for reverse mutation with 
15 aliphatic and aromatic amine and amide derivatives: ethylamine, isopropylamine, 
butylamine, isobutylamine, sec-butylamine, pentylamine, acetamide, 2-isopropyi
N,2,3-trimethylbutyramide, N-isobutyl (E,E)-2,4-decadienamide, piperine, piperidine, 
pyrrolidine, trimethylamine, triethylamine and piperazine. 

Two substances, tyramine and piperidine, gave both positive and negative 
results in the mouse lymphoma assay, particularly at cytotoxic concentrations, while 
nitrosated tyramine gave positive results in the SOS Chromotest with E. coli. 

Piperine and piperidine consistently gave negative results in a variety of 
studies in vivo, whereas acetamide, 1 ,6-hexalactam and pyrrolidine gave mainly 
negative results with some positive findings. 

(f) Other relevant studies 

Developmental and reproductive toxicity 

Butylamine (No. 1582) 

The hydrochloride salt of butylamine (mono-n-butylamine hydrochloride) was 
administered by gavage at a dose of 1 00, 400 or 1000 mg/kg bw per day to groups 
of 25 female Wistar rats from 6 to 15 days after mating with untreated male Wistar 
rats. As controls, another group of female Wistar rats received only the vehicle 
(double-distilled water) for the same period. The rats were observed for clinical 
signs of toxicity at least once daily, while their food consumption and body weights 
were measured on days 0, 1, 3, 6, 8, 10, 13, 15, 17 and 20 after mating. On day 20 
after mating, all the rats were killed and necropsied. Major organs were examined 
macroscopically, and the uterus and placenta were weighed. For each rat, the 
numbers of corpora lutea, implantation sites, early or late resorptions and live or 
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dead fetuses were recorded. After removal from the uterus, the fetuses were sexed, 
weighed and examined for external abnormalities. Non-pregnant rats were excluded 
from the analyses of mean maternal food consumption, body and uterus weights 
and reproduction indices. All the rats survived to scheduled termination (day 20 
after mating). Of the 25 mated female rats in each group, 22 were pregnant by day 
20 after mating in the control group and at 400 mg/kg bw per day and 24 in each 
group at 1 00 and 1 000 mg/kg bw per day. Food consumption was significantly 
reduced during most of the treatment period in rats at the highest dose when 
compared with controls. There were no significant effects on mean maternal body
weight gain, corpora lutea, implantation sites, percentage of pre-implantation loss, 
percentage of early or late resorptions or number of live fetuses per litter in treated 
rats when compared with controls. There were no abortions, premature births or 
dead fetuses reported in any group. In comparison with controls, rats at the highest 
dose had significantly lower mean weights of the gravid uterus, placenta and fetuses 
but significantly higher mean percentages of post-implantation loss, litters with 
malformations and fetuses per litter with malformations. The incidence of soft-tissue 
malformation was significantly higher in the fetuses of animals at the two higher 
doses (3% and 4%, respectively), while the incidence of external malformations 
(1 %) was significantly higher in fetuses from dams at the highest dose than in controls. 
The number of litters or fetuses per litter with malformations increased with the dose 
of n-butylamine hydrochloride administered, reaching statistical significance only at 
the highest dose. This group also showed skeletal development retardation 
(incomplete skull and sternebra! ossification) and malformations (filiform or kinked 
tail, enlarged cardiac ventricular chamber(s), mal positioned heart, aortic arch atresia 
and diaphragmatic hernia). In the group at the intermediate dose, soft-tissue skeletal 
malformations (aortic arch atresia, malpositioned heart and diaphragmatic hernia) 
were also observed. The NOEL was 400 mg/kg bw per day for maternal toxicity and 
100 mg/kg bw per day for embryo or fetal toxicity (Gamer et al., 2002). 

1,6-Hexalactam (No. 1594) 

Groups of 20 pregnant Fischer 344 rats were given 0 (vehicle control), 100, 
500 or 1000 mg/kg bw per day of 1 ,6-hexalactam in distilled water by gavage during 
days 6-15 of gestation. All the rats were observed daily for deaths or morbidity 
throughout the study. Clinical observations were made on days 0, 6, 11, 15 and 20 
of gestation. Food consumption was measured at intervals ending on days 6, 11, 15 
and 20 of gestation. On day 20 of gestation, all surviving dams were killed and the 
viscera were examined grossly; the uterus and ovaries of each dam were excised 
and weighed. For each litter, the number of corpora lutea per ovary, the number and 
placement of uterine implantations, resorption sites and live and dead fetuses were 
recorded. Fetuses were excised from their placenta, weighed and examined 
externally and internally. The survival rate of the group at 1000 mg/kg bw per day 
was significantly lower than that of controls, 9 of 20 dams at the highest dose dying 
during the study. While there was no significant difference in most clinical observations 
between control and treated rats, slightly higher incidences of urine stains, rough 
coat, vaginal discharge, bloody crust on or about the eyes, mouth or nose, hunched 
or thin appearance or depression were observed in treated groups. Mean maternal 
food consumption was significantly lower than that of controls during days 6-11 of 
gestation at the two higher doses and during days 11-15 at the intermediate dose. 
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Consequently, the mean maternal body weights were significantly lower in these 
groups during these periods when compared with controls. After treatment {days 
15-20 of gestation), however, no significant differences from controls were reported. 
While the overall food consumption (days 0-20 of gestation) of animals at the 
intermediate dose was significantly lower than that of controls, there was no significant 
effect on mean maternal body weight. Pregnancy rate, mean ovarian and uterine 
weights and mean numbers of corpora lutea, implantations, resorptions and viable 
fetuses were not significantly different in treated and control groups. On a per litter 
and group basis, there were no significant effects on mean implantation efficiency, 
incidence of fetal viability, sex ratio or pup body weight and length; however, the 
mean incidence of resorption was significantly higher in dams at the highest dose 
than in controls. Although one dam at the highest dose had a distended uterus with 
clear fluid, gross pathological examination of treated rats revealed no remarkable 
changes. No skeletal anomalies or major malformations were observed in any of 
the pups examined, and only non-dose-related incidences of visceral anomalies 
were observed (Gad et al., 1987). 

In a three-generation assay of reproductive toxicity, groups of 10 male and 
20 female Fischer 344 rats were fed diets containing 0, 1 000, 5000 or 10 000 ppm 
1 ,6-hexalactam (equivalent to 0, 50, 250 and 500 mg/kg bw per day) for 10 weeks. 
All animals were observed once daily. Body weights, food consumption, physical 
appearance and behaviour were recorded at baseline and at weeks 4 and 1 0 of the 
1 0-week treatment period. After 1 0 weeks of treatment, all animals were allowed to 
mate for 2 weeks. Each parental generation {P1, P2 and P3} was allowed two breeding 
phases, the second 7-13 days after the first litter of offspring had been killed. The 
numbers of live and dead pups (by sex), individual body weights and any evidence 
of abnormality were recorded on days 1, 7 and 21 of lactation for each litter. After 
weaning of the F1b pups, the P1 rats were killed and subjected to complete gross 
necropsies, whereas P2 and P3 rats were killed and discarded without necropsy. All 
parental animals that died during the study were nevertheless subjected to complete 
gross necropsies. Additionally, major organs and tissues and any gross lesions from 
P1 and F3b rats were examined microscopically and macroscopically. No treatment
related effects on mortality, clinical signs, reproductive performance or gross 
appearance were reported in parental animals. Relative to controls, the mean food 
consumption was significantly reduced in P2 males at the two higher doses, in P3 
males at the highest dose and in all parental generations of females at the highest 
dose. Consequently, P2 and P3 rats of each sex at 500 mg/kg bw per day had 
significantly lower body weights than controls throughout the 1 0-week treatment 
period. Histopathological examination of P1 males at the highest dose revealed a 
slight increase in the severity of spontaneous nephropathy, accompanied by granular 
casts in 3/25 rats (12%} examined. The offspring showed no treatment-related effects 
on gross appearance, gross pathology, survival, number of pups, percentage of 
male pups or kidney weight. The only consistent effect reported in offspring was 
reduced body weight in males at the two higher doses and in females at the highest 
dose (all generations) on days 1, 7 and 21 of lactation. Male and female F3b pups at 
the highest dose had significantly lower absolute kidney weights than controls, but 
no significant changes in relative kidney weights were observed. As there were no 
effects on reproductive performance or offspring survival, the NOEL was 1 0 000 ppm 
(500 mg/kg bw per day) (Serota et al., 1988). 
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Rabbits 

Groups of 25 pregnant New Zealand white rabbits were given 0 (vehicle 
control), 50, 150 or 250 mg/kg bw per day of 1 ,6-hexalactam in distilled water by 
gavage during days 6-28 of gestation. The rabbits were weighed on days 0, 6, 9, 
12, 15, 18, 21, 24, 27 and 29 of gestation. Any rabbit that died during the study was 
examined macroscopically. On day 29 of gestation, all surviving does were killed 
and examined macroscopically. The uterus of each doe was excised, weighed and 
examined internally and externally for major malformations, minor anomalies and 
common skeletal variants. The same procedure was applied to any aborted fetuses. 
Four of the rabbits at the highest dose died during the study: three had convulsions 
immediately after dosing and died within 35 min, while the other rabbit, which died 
on day 28 of gestation, aborted on day 27 of gestation and was in a weakened 
condition. One control rabbit also died on day 29 of gestation, probably due to 
ulceration of the stomach. No adverse clinical findings were reported in animals at 
the two lower doses; however, rabbits at the highest dose had convulsions, rapid 
breathing and other incidental findings, including decreased food intake, decreased 
faecal volume and areas of alopecia. During the first few days of treatment (days 6-
9 of gestation), rabbits at the two higher doses had a significant reduction in body 
weight compared with controls; however, the corrected body weights (body weight 
on day 29 of gestation minus weight of the gravid uterus) of treated and control 
groups were not significantly different. No abnormal findings were made at necropsy 
of treated does on day 29 of gestation. On a per litter and per group basis, the 
treated rabbits showed no statistically significant differences from controls in mean 
total corpora lutea and implantation sites, mean number of viable fetuses, sex ratio, 
litter weight, incidence of pre- or post-implantation losses and number of resorptions; 
however, mean fetal weight was significantly reduced at the two higher doses when 
compared with controls. With the exception of a significantly increased incidence of 
fetuses with unilateral or bilateral thirteenth ribs in the group at the highest dose, the 
incidence of major malformations and minor visceral or skeletal anomalies in the 
fetuses was deemed to be non-dose-related and considered not to be due to 
treatment. The authors concluded that, while maternal effects were observed at 250 
mg/kg bw per day, no embryotoxic or teratogenic effects occurred (Gad et al., 1987). 

2-lsopropy/-N -2,3-trimethylbutyramide (No. 1595) 

Groups of 30 male and 30 female Sprague-Dawley rats were given 0 (vehicle 
control), 1 0, 50 or 100 mg/kg bw per day of 2-isopropyi-N-2,3-trimethylbutyramide 
in corn oil by gavage in a three-part study of growth, reproduction and teratogenesis. 
After the 63-day growth phase, male and female rats (Fa generation) from the same 
dose groups were allowed to mate (reproduction phase). The treatment was 
administered to rats of each sex during the growth phase and until the end of the 
first mating. Female rats continued to be dosed with corn oil or 2-isopropyi-N-2,3-
trimethylbutyramide throughout gestation until weaning. During gestation, body 
weights were measured twice a week for males and on days 0 and 19 of gestation 
for females. Food consumption was recorded twice a week for male rats and on 
days 6, 11, 15 and 19 of gestation for female rats. All the rats were observed daily 
for physical appearance, behaviour and pharmacological or toxicological symptoms. 
After the birth of the F1a generation, maternal weights, number of viable fetuses per 
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litter, number of pups by sex per litter, weight of pups by sex per litter and number of 
deformed pups per litter were recorded. At weaning, the dams and F1a pups were 
weighed; the pups were then killed and examined. The teratogenesis phase of the 
study began 21 days after the reproduction phase, whereby the same groups of F0 

male and female rats were mated once again; however, only the female rats continued 
to be dosed daily. As in the reproduction phase, female rats were weighed on days 
0 and 19 of gestation, and their food intakes were recorded on days 6, 11, 15 and 19 
of gestation. On day 19 of gestation, all the F0 males and females were killed and 
examined grossly, and the fetuses were excised for examination for visceral or 
skeletal abnormalities. For each litter, the number of corpora lutea per ovary, the 
number and placement of uterine implantations, early and late resorbed fetuses, 
viable fetuses and any gross abnormalities were recorded. 

During the 63-day growth phase, two control females, one male at 10 mg/kg 
bw per day, five females at the lowest dose, two males at 50 mg/kg bw per day, four 
females at the intermediate dose and one female at 1 00 mg/kg bw per day died due 
to gavage errors. These 15 rats were necropsied; no effects were observed that 
could be attributed to treatment. During the reproduction phase, another female at 
the intermediate dose died due to a gavage error. No treatment-related clinical signs 
or effects on body weight or food consumption were noted during the growth and 
reproduction phases of the study. Pregnancy rates were low in all groups, but no 
dose-related trends were observed. Gestation survival index, parturition index and 
lactation survival index were 100% in all groups. Mean live birth index and neonatal 
survival index were lower in the group at the highest dose; however, no dose-related 
trends were observed. The mean weanling survival index, mean sex ratio and mean 
pup body weights of treated groups were comparable to those of controls. No gross 
deformities were reported in any of the pups during the reproduction phase of the 
study. In the teratogenesis phase, no animals died and no treatment-related clinical 
signs were observed. There were no treatment-related effects on body weights or 
food consumption during the gestation period, and the mean body-weight changes 
were comparable in treated and control animals. There were no statistically significant 
differences in pregnancy rates between treated and control animals. The mean 
number of corpora lutea per group, the mean number of implantations per group 
and mean fetal body weights and lengths were comparable in treated and control 
groups. The mean implantation efficiency was slightly lower in the group at the 
highest dose than in controls. The mean incidence of resorptions was lower in the 
group at the lowest dose but higher in the groups at the two higher doses than in 
controls. Consequently, the mean incidence of fetal viability was higher in the group 
at the lowest dose and lower in the other two groups when compared with controls. 
The mean incidence of fetal mortality was lower in treated groups than in controls. 
No dose-related visceral or skeletal abnormalities or gross or microscopic findings 
were reported (Pence, 1980b). 

Piperine (No. 1600) 

Mice 

In a series of studies conducted in Swiss albino mice, piperine was evaluated 
for effects on the estrous cycle, mating behaviour and growth of pups; effects on 
sperm morphology; anti-implantation activity and effect on fetal survival and sex 
ratio; and anti-fertility activity. 
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To study the possible effects of piperine on the estrous cycle, mating behaviour 
and growth of pups, adult female Swiss albino mice (number per group not stated) 
with a normal estrous cycle were given 0 (vehicle control), 1 0 or 20 mg/kg bw per 
day of piperine in 1% carboxymethyl cellulose by gavage for 14 days. The estrous 
cycle pattern was studied throughout treatment. Treatment with piperine appeared 
to lengthen the diestrous phase (2.08 ± 1.37 and 2.58 ± 2.09 days with 10 and 
20 mg/kg bw per day, respectively, versus 1.33 ± 0.47 days for controls), resulting in 
an increase in duration (5.42 ± 1.54 and 5.50 ± 2.14 days at 10 and 20 mg/kg bw per 
day, respectively, versus 4.33 ± 0.37 days for controls), although the phases were 
not statistically significantly longer than that of the vehicle control. After the 14-day 
treatment, groups of six females were mated with healthy males to assess mating 
performance (determined from a vaginal plug or sperm-positive smear). Pregnant 
females were allowed to deliver, and the growth of their pups was monitored up to 
21 days postpartum. In the group at 20 mg/kg bw per day, mating performance was 
significantly reduced (50%) in comparison with controls and females at 1 0 mg/kg 
bw per day (both 83.3%). Fertility was significantly reduced, by 60% and 66.7% at 
the lowest and highest doses, respectively, compared with controls (1 00%); however, 
litter size and pup growth (litter body weight and length) were not affected by 
treatment. 

A test for sperm shape abnormalities was carried out in young adult male 
Swiss albino mice given 0 (vehicle control), 35, 50 or 75 mg/kg bw per day of piperine 
in 1% carboxymethyl cellulose orally for 5 days. On day 35 of the study, the mice 
were killed and sperm was isolated for analysis. No significant abnormalities in sperm 
head morphology were reported. 

The possible anti-implantation activity of piperine and effects on fetal survival 
and sex ratio were studied by mating groups of six adult female Swiss albino mice 
with males and treating the pregnant females with 0 (vehicle control), 10 or 20 mg/kg 
bw per day of piperine in 1% carboxymethyl cellulose by gavage on days 1-5 of 
gestation. On day 10 of gestation, the females were laparotomized to record the 
incidence of pregnancy and the size and number of implants. The pregnancies were 
allowed to continue to day 20 of gestation, at which time the fetuses were removed. 
Treatment with piperine decreased the overall reproductive capacity of female mice 
by inhibiting implantation. Only one of six females in each treated group had implants, 
whereas all six females in the vehicle control group had implants. No abnormalities 
were observed at the cellular level on histological examination of the ovary and 
uterus, and post-implantation survival and sex ratio were unaffected by treatment. 

The possible anti-fertility activity of piperine was studied in groups of six 
female Swiss albino mice that had been laparotomized and injected 1 0 days before 
mating with: 50 J.ll of groundnut oil into both uterine horns; 50 J.ll of groundnut oil into 
the left horn and 50 J.ll of piperine into the right horn; or 50 J.ll of piperine into both 
horns. On day 14 of gestation, the females were examined for pregnancy and size 
and number of implants. There was no statistically significant reduction in the total 
number of implants in treated groups compared with controls (Daware et al., 2000). 

Rats 

In a study in adult albino rats (number and sex not specified), the possible 
anti-inflammatory activity of piperine on prostaglandin E1 was examined. The rats 
were given a single dose of 0 (vehicle control) or 20 mg/kg bw of piperine in 
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carboxymethyl cellulose by gavage. A positive control group of female rats was 
given 160 mg/kg bw of aspirin orally. To induce acute inflammation, prostaglandin 
E1 was injected into the right hind paw of each rat, and the percentage inflammation 
(paw volume) was measured 0, 30 and 60 min later. Both aspirin and piperine 
significantly reduced prostaglandin-induced inflammation of the paw. The authors 
suggested that the effects of piperine on specific reproductive parameters might be 
mediated, at least partly, through its effects on prostaglandin (Daware et al., 2000). 

Piperidine (No. 1607) 

Mice 

In a study designed to evaluate the fertility of animals exposed to N-chloro
piperidine (results not described here), piperidine was used as a negative control. 
Groups of male and female C57BI/J6 x DBA2 hybrid mice treated orally for 100 days 
with 0 (vehicle control) or 400 mg/kg bw per day of piperidine in 0.001% ethanol 
were mated with similarly treated males. The positive control group consisted of 
animals given 250 mg/kg bw per day of ethyl methane sulfonate for 1 00 days, and 
the mating combination for this group was control female with ethyl methane sulfonate
treated male. Each group consisted of 15-25 females. On day 18 of gestation, 
15-20 pregnant females were killed and the uteri were removed and examined for 
implantation sites and fetal death. Five females in each group were allowed to reach 
term, and the number of pups per dam was recorded. The fertility index (number of 
pregnant females:number of mated females) did not differ significantly between 
piperidine-treated animals and vehicle controls. While the frequency of offspring 
per pregnancy in piperidine-treated animals was comparable to that in vehicle 
controls, the number of dead fetuses in piperidine-treated animals was significantly 
higher than in vehicle controls. In comparison with positive controls, however, the 
incidence of fetal mortality per pregnancy was significantly lower in the piperidine
treated group. Additionally, on day 40 and every 5 days thereafter, three male rats 
per group were killed, and their vas deferentia were excised for investigation of 
sperm morphology. The frequency of sperm abnormalities was comparable in 
piperidine-treated and vehicle control groups of mice (Bempong & Scully, 1983). 

Hamsters 

In a study to examine the effect of piperidine on fertility in hamsters, groups 
of male and female inbred golden Syrian hamsters were given 0 (vehicle control) or 
400 mg/kg bw per day of piperidine in 0.001% ethanol orally for 100 days and mated 
with corresponding males. The positive control group consisted of animals given 
250 mg/kg bw per day of ethyl methane sulfonate for 100 days, and the mating 
combination for this group was control female with ethylmethane sulfonate-treated 
male. Each group consisted of 15-25 females. On day 18 of gestation, 15-20 
pregnant females were killed and their uteri were removed and examined for 
implantation sites and fetal deaths. Five females in each group were allowed to 
reach term, and the number of pups per female was recorded. The fertility index 
(number of pregnant females:number of mated females) did not differ significantly 
between piperidine-treated animals and vehicle controls. The frequency of offspring 
per pregnancy in piperidine-treated animals was comparable to that in vehicle 
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controls. Additionally, on day 40 and every 5 days thereafter, three male hamsters 
per group were killed, and their vas deferentia were excised for investigation of 
sperm morphology. The frequency of sperm abnormalities was comparable in 
piperidine-treated and vehicle control groups (Bempong & Scully, 1983). 

Trimethylamine (No. 1610) 

Trimethylamine (0.75 mmol/1 or 44.3 11g/ml) was incubated with 8-day-old 
embryos from CD-1 mice in culture for up to 42 h. Control embryos were cultured in 
the presence of saline at volumes equal to those used with trimethylamine. Within 
2-4 h of incubation, time-dependent inhibition of embryonic growth was apparent 
(70% of control), accompanied by decreased incorporation of tritium-labelled 
thymidine, uridine and leucine into DNA, RNA and proteins, respectively. 
Trimethylamine also caused neural tube defects in 73% of the embryos. After 42 h 
of incubation, the DNA, RNA and protein contents of trimethylamine-treated embryos 
were approximately 50% those of controls. The effects were not related to changes 
in pH or osmolarity of the culture media. The authors suggested that trimethylamine 
has teratogenic effects and inhibits growth in cultured mouse embryos by reducing 
macromolecular synthesis (Guest & Varma, 1992). 

Binding assay in vitro 

N -Ethyl 2-isopropyl-5-methylcyclohexanecarboxamide (No. 1601) 

An assay was performed in vitro to assess the potential of N-ethyl2-isopropyl-
5-methylcyclohexanecarboxamide (No. 1601) to bind to a2~J.-globulin, as this 
compound has been reported to cause histological changes in male rat kidney that 
are similar to those seen in male rat-specific a2~J.-globulin nephropathy. N-Ethyl 2-
isopropyl-5-methylcyclohexanecarboxamide displaced 14C-d-limonene epoxide (a 
known ligand for a2~J.-globulin) with an affinity (IC50 approximately 20 IJ.mol/1) similar 
to that of d-limonene (IC50 approximately 151J.mol/l) and lower than that of d-limonene-
1 ,2-epoxide (IC50 approximately 31J.mol/1). The authors concluded that the histopatho
logical changes seen in the kidneys of male rats given N-ethyl 2-isopropyl-5-
methylcyclohexanecarboxamide were probably attributable to its affinity for a2~J.
globulin, which causes male rat-specific a2~J.-globulin nephropathy (Lehman
McKeeman & Caudill, 1994). 
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ADI 
ALT 
APM 
AUC 
BSO 
bw 
CAS 
CoA 
CYP450 
0002 

ECso 
F 
F, 
F2 
FAD 
FAO 

GLP 
y-GT 
GSH 
GST 
HPLC 
IPCS 
IU 
JECFA 

Km 
LCso 
LDso 
LEU 
LOEL 
M 
NA 
NAT 

NO 
NOEL 
NR 
N/R 

ANNEX2 

ABBREVIATIONS USED IN THE MONOGRAPHS 

acceptable daily intake 
alanine aminotransferase 
aminopeptidase 
area under the curve (concentration-time) 
buthionine sulfoximine 
body weight 
Chemical Abstracts Services 
coenzyme A 
cytochrome P450 
mixture consisting of C24 (13.2%), C26 (15.3%), 
C28 (17.5%), C30 (26.6%), C32 (17.0%) and C34 
(2.2%) fatty alcohols 
median ? concentration 
female 
first filial generation 
second filial generation 
flavin adenosine dinucleotide 
Food and Agricultural Organization of the 
United Nations 
good laboratory practice 
y-glutamyltransferase 
reduced glutathione 
glutathione $-transferase 
high-performance liquid chromatography 
International Programme on Chemical Safety 
international unit 
Joint FAO/WHO Expert Committee on Food 
Additives 
Michaelis-Menten constant 
median lethal concentration 
median lethal dose 
lecitase unit 
lowest-observed-effect level 
male 
not avuilable 
N-acetyltransferase 
no intake data reported 
no-observed-effect level 
not reported 
not required for evaluation because intake of the 
substance was determined to be of no safety 
concern at Step A3 of the Procedure 
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NRU 50 

OECD 

OR 
p 
PAPS 
pKa 
pp m 
QA 
S9 
SD 
SPF 
t 
UDPGA 
UDPGT 
v/v 

Vmax 
WHO 
wlw 

median reduction in neutral red uptake 
Organisation for Economic Co-operation and 
Development 
odds ratio 
parent generation 
3 · -phosphoadenosine-5 · -phosphosulfate 

parts per million 
quality assurance 
9000 x g microsomal frcation of rat liver 
standard deviation 
specific-pathogen-free 
time 
UDP-glucuronic acid 
U D P-glucuronosyltransferase 
volume for volume 
maximum volume 
World Health Organization 
weight for weight 
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ANNEX4 

ACCEPTABLE DAILY INTAKES, OTHER TOXICOLOGICAL 
INFORMATION AND INFORMATION ON SPECIFICATIONS 

1. Food additives and ingredients evaluated toxicologically or 
assessed for dietary exposure 

Food additive Specifi- Acceptable daily intake (ADI} and 
cations• other toxicological recommendations 

Beeswax R 

Candelilla wax R 

L -5-Methyltetrahydrofolate N 

Phospholipase A 1 from N 
Fusarium venenatum 
expressed in Aspergillus 
oryzae 

Pullulan N 

Quillaia extract type 1 S 

No safety concern at predicted 
dietary intake(< 650 mg per person 
per day), based on long history of 
use and lack of toxicity observed with 
major components 

No safety concern at predicted 
dietary intake(< 650 mg per person 
per day) 

No safety concern for proposed 
use in dry crystalline or micro
encapsulated form as alternative to 
folic acid used in dietary 
supplements, foods for special 
dietary uses and other foods. 
Safety of folate fortification and 
supplementation as such not 
evaluated. 

Information provided too limited to 
assess safety 

ADI 'not specified'b 

Previous ADI converted to an ADI 
based on saponin content from the 
lower end of specified saponin range 
and established as group ADI for 
quillaia extract type 1 and quillaia 
extract type 2. 
Assessment of dietary exposure 
included additional use of quillaia 
extract type 1 in semi-frozen 
carbonated and non-carbonated 
beverages (~ 500 mg/kg product). 

-421-



422 

Food additive 
cationsa 

Quillaia extract type 1 
(contd) 

Quillaia extract type 2 

ANNEX4 

Specifi- Acceptable daily intake (ADI) and 
other toxicological recommendations 

R 

In a model diet approach, high 
percentile consumption estimated to 
lead to intake of 44-157% of ADI, 
assuming presence of quillaia extract 
type 1 at 295 mg/1 in all water-based 
flavoured drinks. 
In a probabilistic exposure assessment 
and assuming that the frequency and 
amount per eating occasion are 
independent variables, the estimated 
dietary intake was below the ADI at the 
90th percentile. Assuming 1 00% 
dependence between frequency and 
amount consumed, estimated that 100-
700 individuals per million in the entire 
population could exceed the ADI . 

Previous ADI established for quillaia 
extract type 1 converted to an ADI 
based on saponin content from the 
lower end of the specified saponin 
range and established as a group ADI 
for quillaia extract type 1 and type 2. 

a N: new specifications prepared; R: existing specifications revised; 8: 
existing specifications maintained. 

b 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. 
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2. Food additives considered for specifications only 

Food additive 

Aspartame acesulfame salt 
Hexanes 
Laccase from Myceliophthora thermophila expressed 

in Aspergillus oryzae 
Monomagnesium phosphate and trisodium diphosphate 
Sucrose esters of fatty acids 

Specifications• 

R 
See below 
R 
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• R: existing specifications revised; T: tentative specifications; W: existing 
specifications withdrawn. 

b As no information was received on these substances, the existing 
tentative specifications were withdrawn. 

Hexanes 

As used in the food industry, 'hexane' is a mixture of hydrocarbons. 
Recent changes in environmental regulations have led to a change in 
composition of hexanes since the original specifications were established. In 
addition, the composition of hexanes depends on the region of production, 
the source of the raw material and the site of production. Therefore, the 
Committee concluded that the present articles of commerce differ from those 
previously evaluated by the Committee and that the composition of the residues 
and their levels in foods may not be the same as those evaluated in the original 
safety assessment. The Committee also concluded that there was insufficient 
information available to change the current specifications, and therefore 
recommended a re-evaluation of hexanes. 

3. Flavouring agents evaluated with the Procedure for the 
Safety Evaluation of Flavouring Agents 

See also the discussion on the safety evaluation of flavouring agents 
in Annex 7. 

A. Maltol and related substances 

Flavouring agent 

Maltol 
Ethyl maltol 
Maltyl isobutyrate 

No. 

1480 
1481 
1482 

Specifi- Conclusions 
cations• based on current 

intake 

Nb See footnote c 
Nb See footnote d 
N,T No safety concern 
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Flavouring agent No. Specifi- Conclusions 
cations• basedon current 

intake 

2-Methyl-3-(1-oxopropoxy)-4 H- 1483 N No safety concern 
pyran-4-one ( conditional)• 

2-Butyl-5- or 6-keto-1 ,4-dioxane 1484 N No safety concern 
2-Amyl-5- or -6-keto-1 ,4-dioxane 1485 N No safety concern 
2-Hexyl-5- or -6-keto-1 ,4-dioxane 1486 N No safety concern 

• N: new specifications prepared; T: tentative specifications. 
b Revised specifications for these substances in the standard additive 

format were also prepared. 
c The ADI of 0-1 mg/kg bw established at the twenty-fifth meeting was 

maintained. 
d The ADI of 0-2 mg/kg bw established at the eighteenth meeting. was 

maintained. 
• Evaluation conditional because the estimated daily intake is based on the 

anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

B. Furan-substituted aliphatic hydrocarbons, alcohols, aldehydes, 
ketones, carboxylic acids and related esters, sulfides, disulfides 
andethers 

The Committee took note of the extensive positive genotoxicity data for 
several members of this group of flavouring agents related to furan. Furan, 
which is carcinogenic, is known to undergo epoxidation and ring opening to 
form a reactive 2-ene-1 ,4-dicarbonyl intermediate. Accordingly, concern arises 
that the observed genotoxicity may be due to formation of a reactive metabolite. 
Data on the potential of members of this group to form a reactive metabolite 
were not available and the role of metabolism in the observed genotoxicity has 
not been identified. Moreover, there was a paucity of in vivo genotoxicity data 
to allay concern. Also, specific in vivo assays to address potential carcinogenicity 
were lacking. Because of these concerns, the Committee concluded that the 
Procedure could not be applied to this group. 

Flavouring agent No. Specifications• 

2-Methylfuran 1487 N 
2,5-Dimethylfuran 1488 N 
2-Ethylfuran 1489 N 
2-Butylfuran 1490 N 
2-Pentylfuran 1491 N 
2-Heptylfuran 1492 N 
2-Decylfuran 1493 N 
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Flavouring agent 

3-Methyl-2-(3-methylbut-2-enyl)-furan 
2,3-Dimethylbenzofuran 
2,4-Difurfurylfuran 
3-(2-Furyl)acrolein 
2-Methyl-3(2-furyl)acrolein 
3-(5-Methyl-2-furyl)prop-2-enal 
3-(5-Methyl-2-furyl)-butanal 
2-Furfurylidenebutyraldehyde 
2-Phenyl-3-(2-furyl)prop-2-enal 
2-Furyl methyl ketone 
2-Acetyl-5-methylfuran 
2-Acetyl-3,5-dimethylfuran 
3-Acetyl-2,5-dimethylfuran 
2-Butyrylfuran 
(2-Furyl)-2-propanone 
2-Pentanoylfuran 
1-(2-Furyl)butan-3-one 
4-(2-Furyl)-3-buten-2-one 
Pentyl 2-furyl ketone 
Ethyl 3-(2-furyl)propanoate 
Isobutyl 3-(2-furan)propionate 
lsoamyl 3-(2-furan)propionate 
lsoamyl 4-(2-furan)butyrate 
Phenethyl 2-furoate 
Propyl 2-furanacrylate 
2,5-Dimethyl-3-oxo-(2H)-fur-4-yl butyrate 
Furfuryl methyl ether 
Ethyl furfuryl ether 
Difurfuryl ether 
2,5-Dimethyl-3-furanthiol acetate 
Furfuryl 2-methyl-3-furyl disulfide 
3-[ (2-Methyl-3-fu ryl)th io ]-2-butanone 
0-Ethyl S-(2-furylmethyl)thiocarbonate 
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No. Specifications• 

1494 N 
1495 N 
1496 N 
1497 N 
1498 N 
1499 N 
1500 N 
1501 N 
1502 N 
1503 N 
1504 N 
1505 N 
1506 N,T 
1507 N 
1508 N 
1509 N 
1510 N 
1511 N 
1512 N 
1513 N 
1514 N 
1515 N 
1516 N 
1517 N 
1518 N 
1519 N 
1520 N 
1521 N 
1522 N 
1523 N 
1524 N 
1525 N 
1526 N 

• N: new specifications prepared; T: tentative specifications 

C. Eugenol and related hydroxyallylbenzene derivatives 

Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

4-AIIylphenol 1527 N No safety concern 
( conditional)b 

2-Methoxy-6-(2-propenyl)phenol 1528 N No safety concern 
( conditional)b 
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Flavouring agent 

Eugenol 
Eugenyl formate 
Eugenyl acetate 
Eugenyl isovalerate 

Eugenyl benzoate 

No. 

1529 
1530 
1531 
1532 

1533 

ANNEX4 

Specifi- Conclusions 
cations• based on current 

intake 

Re See footnote d 
N No safety concern 
N No safety concern 
N No safety concern 

( conditional)b 
N No safety concern 

• N: new specifications prepared; R: existing specifications revised. 
b Evaluation conditional because the estimated daily intake is based on the 

anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

c As this substance is used only as a flavouring agent, the Committee 
considered that the existing specifications in the standard food additive 
format should be deleted. 

d The ADI of 0-2.5 mg/kg bw established at the twenty-sixth meeting was 
maintained. 

D. Anthranilate derivatives 

Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

Methyl anthranilate 1534 Rb See footnote c 
Ethyl anthranilate 1535 N No safety concern 
Butyl anthranilate 1536 N No safety concern 
Isobutyl anthranilate 1537 N No safety concern 
cis-3-Hexenyl anthranilate 1538 N No safety concern 

( conditional)d 
Citronellyl anthranilate 1539 N No safety concern 

( conditional)d 
Linalyl anthranilate 1540 N No safety concern 
Cyclohexyl anthranilate 1541 N No safety concern 
I} Terpinyl anthranilate 1542 N No safety concern 
Phenylethyl anthranilate 1543 N No safety concern 
!}Naphthyl anthranilate 1544 N No safety concern 
Methyl N-methylanthranilate 1545 Rb See footnote e 
Ethyl N-methylanthranilate 1546 N No safety concern 

( conditional)d 
Ethyl N-ethylanthranilate 1547 N No safety concern 

( conditional)d 
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Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

Isobutyl N-methylanthranilate 1548 N No safety concern 
( conditional)d 

Methyl N-formylanthranilate 1549 N No safety concern 
( conditional)d 

Methyl N-acetylanthranilate 1550 N No safety concern 
( conditional)d 

Methyl N,N-dimethylanthranilate 1551 N No safety concern 
( conditional)d 

N-Benzoylanthranilic acid 1552 N No safety concern 
( conditional)d 

• N: new specifications prepared; R: existing specifications revised. 
b As this substance is used only as a flavouring agent, the Committee 

decided that the existing specifications in the standard food additive format 
should be deleted. 

c The ADI of Q-1.5 mg/kg bw established at the twenty-third meeting was 
maintained. 

d Evaluation conditional because the estimated daily intake is based on the 
anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

• The ADI of Q-0.2 mg/kg bw established at the twenty-third meeting was 
maintained. 

E. Miscellaneous nitrogen-containing substances 

Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

Trimethyloxazole 1553 N No safety concern 
( conditional)b 

2,5-Dimethyl-4-ethyloxazole 1554 N No safety concern 
( conditional)b 

2-Ethyl-4,5-dimethyloxazole 1555 N No safety concern 
( conditional)b 

2-lsobutyl-4,5-dimethyloxazole 1556 N No safety concern 
( conditional)b 

2-Methyl-4,5-benzo-oxazole 1557 N No safety concern 
( conditional)b 

2,4-Dimethyl-3-oxazoline 1558 N No safety concern 
( conditional)b 
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Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

2,4,5-Trimethyl-~3-oxazoline 1559 N,T No safety concern 
Allyl isothiocyanate 1560 N No safety concern 
Butyl isothiocyanate 1561 N No safety concern 

( conditional)b 
Benzyl isothiocyanate 1562 N No safety concern 

( conditional)b 
Phenethyl isothiocyanate 1563 N No safety concern 

( conditional)b 
3-Methylthiopropyl isothiocyanate 1564 N No safety concern 
4-Acetyl-2-methylpyrimidine 1565 N No safety concern 
5, 7 -Dihydro-2-methylthieno(3,4- d) 1566 N No safety concern 

pyrimidine 
1-Phenyl-3- or -5-propylpyrazole 1568 N No safety concern 
4,5-Dimethyl-2-propyloxazole 1569 N No safety concern 

( conditional)b 

• N: new specifications prepared; T: tentative specifications. 
b Evaluation conditional because the estimated daily intake is based on the 

anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

F. Epoxides 

Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

4,5-Epoxy-(E)-2-decenal 1570 N No sa~ety concern 
( conditional)b 

~-lonone epoxide 1571 N No safety concern 
( conditional)b 

trans-Carvone-5,6-oxide 1572 N No safety concern 
Epoxyoxophorone 1573 N No safety concern 

( conditional)b 
Piperitenone oxide 1574 N No safety concern 
~-Caryophyllene oxide 1575 N No safety concern 
Ethyl 3-phenylglycidate 1576 Re No safety concern 
Ethyl methylphenylglycidate 1577 Re See footnote d 
Ethyl methyl-para-tolylglycidate 1578 N No safety concern 

• N: new specifications prepared; R: existing specifications revised. 
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b Evaluation conditional because the estimated daily intake is based on the 
anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

c As this substance is used only as a flavouring agent, the Committee 
decided that the existing specifications in the standard food additive format 
should be deleted. 

d The ADI of 0-0.5 mg/kg bw established at the 28th meeting. was 
maintained. 

G. Aliphatic and aromatic a mines and am ides 

Acetamide (No. 1592) 

The Committee noted that the available data on the toxicity of this 
substance indicate that it is clearly carcinogenic in both mice and rats, and, 
although the mechanism of tumour formation is unknown, the possibility of a 
genotoxic mechanism cannot be discounted. The Committee considered it 
inappropriate for such a compound to be used as a flavouring agent or for any 
other food additive purpose and agreed that acetamide would not be evaluated 
according to the Procedure. No specifications were prepared. 

Other substances in this group 

Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

Ethylamine 1579 N No safety concern 
( conditional)b 

Propylamine 1580 N No safety concern 
( conditional)b 

lsopropylamine 1581 N No safety concern 
( conditional)b 

Butylamine 1582 N No safety concern 
lsobutylamine 1583 N No safety concern 

( conditional)b 
sec-Butylamine 1584 N No safety concern 

( conditional)b 
Pentylamine 1585 N No safety concern 

( conditional)b 
2-Methylbutylamine 1586 N No safety concern 

( conditional)b 
lsopentylamine 1587 N No safety concern 
Hexylamine 1588 N No safety concern 

( conditional)b 
Phenethylamine 1589 N No safety concern 
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Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

2-( 4-Hyd roxyphenyl)ethylamine 1590 N No safety concern 
(conditional)b 

1-Amino-2-propanol 1591 N No safety concern 
(conditional)b 

Butyramide 1593 N No safety concern 
( conditional)b 

1 ,6-Hexalactam 1594 N No safety concern 
(conditional)b 

2-lsopropyi-N,2,3-trimethylbutyramide 1595 N No safety concern 
(conditional)b 

N-Ethyl (E)-2,(Z)-6-nonadienamide 1596 N No safety concern 
(conditional)b 

N-Cyclopropyl (E)-2,(Z)-6- 1597 N No safety concern 
nonadienamide (conditional)b 

N-lsobutyl (E,E)-2,4-decadienamide 1598 N No safety concern 
(conditional)b 

Nonanoyl 4-hydroxy-3-methoxy- 1599 N No safety concern 
benzylamide 

Piperine 1600 N No safety concern 
N-Ethyl-2-isopropyl-5-methyl- 1601 N No safety concern 

cyclohexane carboxamide 
(+/-)-N,N-Dimethyl menthyl 1602 N No safety concern 

succinamide (conditional)b 
1-Pyrroline 1603 N No safety concern 

(conditional)b 
2-Acetyl-1-pyrroline 1604 N No safety concern 

(conditional)b 
2-Propionylpyrroline 1605 N No safety concern 

(conditional)b 
lsopentylidene isopentylamine 1606 N No safety concern 

(conditional)b 
Piperidine 1607 N No safety concern 
2-Methylpiperidine 1608 N No safety concern 

(conditional)b 
Pyrrolidine 1609 N No safety concern 
Trimethylamine 1610 N No safety concern 
Triethylamine 1611 N No safety concern 

(conditional)b 
Tripropylamine 1612 N No safety concern 

(conditional)b 
N, N-Dimethylphenethylamine 1613 N No safety concern 

(conditional)b 
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Flavouring agent No. Specifi- Conclusions 
cations• based on current 

intake 

Trimethylamine oxide 1614 N No safety concern 
( conditional)b 

Piperazine 1615 N No safety concern 
( conditional)b 

• N: new specifications prepared. 
b Evaluation conditional because the estimated daily intake is based on the 

anticipated annual volume of production. The conclusion of the safety 
evaluation of this substance will be revoked if use levels or poundage data 
are not provided before the end of 2007. 

4. Flavouring agents considered for specifications only 

Flavouring agent 

Sodium salt of 3-methyl-2-oxobutanoic acid 
Sodium salt of 3-methyl-2-oxopentanoic acid 
Sodium salt of 4-methyl-2-oxopentanoic acid 
Sodium 2-oxo-3-phenylpropionate 

No. Specifications• 

631.2 R,T 
632.2 R,T 
633.2 R,T 
1479 R,T 

• R: existing specifications revised; T: tentative specifications 
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Summary of safety evaluations of secondary components of flavouring agents with minimum assay values of less than 95% 

No. Name Minimum assay Other 
value(%) requirements 

Eugenol and related hydroxyallylbenzene derivatives 

1530 Eugenyl formate 94 

Miscellaneous nitrogen-containing substances 

1559 2,4,5-Trimethyl-.:1-3-oxazoline 94 

2-3% eugenol 

2-3% 
trimethyloxazole 

Comments on secondary components 

Eugenol (No. 1529) was evaluated at the current meeting (see 
monograph). it has been examined for toxicity in studies lasting 
from 30 days to 2 years. The NOELs in most of these studies 
were> 400 mg/kg bw per day (Trubek, 1958; Hagan et al., 
1965; Bar & Griepentrog, 1967; Hagan et al., 1967; Miller et al., 
1983; National Toxicology Program, 1983; Hirose et al., 1987). 
In a 2-year study, the NOEL was > 450 mg/kg per day in mice 
and 300 mg/kg per day in rats (National Toxicology Program, 
1983). 

Trimethyloxazole (No. 1553) was evaluated at the current 
meeting. lt is expected to have a similar metabolic fate and 
similar toxicity as the primary material, 2,4,5-trimethyl-.:1-3-
oxazoline, and the other oxazoles and oxazolines in this group. 
In a 90-day study with the primary material, the NOEL was 
> 41 mg/kg per day (Morgareidge, 1972). 
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No. Name Minimum assay Other Comments on secondary components 
value (%) requirements 

Epoxides 

1570 4,5-Epoxy-(E)-2-decenal 87 

al., 1974), endoplasmic reticulum (Oesch et al., 1970) and 
epoxide ring 
diols. Alternatively, 
catalyses ring 
conjugates 

Aliphatic and aromatic amines and am ides 

1606 lsopentylidene isopentylamine 93 

8-10% Z isomer 4,5-Epoxy-(Z)-2-decenal is expected to have the same 
metabolic fate as the E isomer and the other epoxides in 

this group. Epoxide hydrolase present in the cytosol (Gill et 

2-3% diisopentylamine; 
1-2% 3-methylbutyr
aldehyde 

nucleus (Bresnick et al., 1977) catalyses 
cleavage by water to yield vicinal trans

glutathione transferase present in the cytosol 
cleavage by glutathione to yield trans-thioalcohol 
(Jakoby, 1978). In a 28-day study, the NOEL for the 

structurally related compound cyclohexane oxide was 
100 mg/kg bw per day (Sauer et al., 1997). 

Diisopentylamine is expected to have the same metabolic 
fate as the other primary, secondary and tertiary amines in 
this group. They are mainly oxidized to imines by flavin

containing monooxygenases, monoamine oxidases or 
amine oxidases. The resulting imine can be further oxidized 
to the corresponding aldehyde and ammonia (Kearney et 
al., 1971 ). In 90-day studies with structurally related 
materials, the NOELs were 80 mg/kg bw per day for 
piperidine and 160 mg/kg bw per day for trimethylamine 
(Amoore et al., 1978). 
3-Methylbutyraldehyde (No. 258) was evaluated by the 
Committee at its forty-sixth meeting and found to be of no 
safety concern at current levels of exposure. 
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FLAVOURING AGENTS FOR WHICH USE LEVEL OR REPORTED 
POUNDAGE DATA ARE REQUIRED 

The safety assessments of these flavouring agents will be revoked if data 
on levels of use or reported poundage data are not provided before the end of 
2007 (see Annex 4). 

1. Flavouring agents evaluated at the present meeting that were 
assessed as of 'no safety concern' on a conditional basis 

No. Flavouring agent 

1483 2-Methyl-3-(1-oxopropoxy)-4H-pyran-4-one 
1527 4-AIIylphenol 
1528 2-Methoxy-6-(2-propenyl}phenol 
1532 Eugenyl isovalerate 
1538 cis-3-Hexenyl anthranilate 
1539 Citronellyl anthranilate 
1546 Ethyl N-methylanthranilate 
1547 Ethyl N-ethylanthranilate 
1548 Isobutyl N-methylanthranilate 
1549 Methyl N-formylanthranilate 
1550 Methyl N-acetylanthranilate 
1551 Methyl N,N-dimethylanthranilate 
1552 N-Benzoylanthranilic acid 
1553 Trimethyloxazole 
1554 2,5-Dimethyl-4-ethyloxazole 
1555 2-Ethyl-4,5-dimethyloxazole 
1556 2-lsobutyl-4,5-dimethyloxazole 
1557 2-Methyl-4,5-benzo-oxazole 
1558 2,4-Dimethyl-3-oxazoline 
1561 Butyl isothiocyanate 
1562 Benzyl isothiocyanate 
1563 Phenethyl isothiocyanate 
1569 4,5-Dimethyl-2-propyloxazole 
1570 4,5-Epoxy(E)-2-decenal 
1571 P-lonone epoxide 
1573 Epoxyoxophorone 
1579 Ethylamine 
1580 Propylamine 
1581 lsopropylamine 
1583 lsobutylamine 
1584 sec-Butylamine 
1585 Pentylamine 
1586 2-Methylbutylamine 
1588 Hexylamine 
1590 2-( 4-Hydroxyphenyl}ethylamine 
1591 1-Amino-2-propanol 
1593 Butyramide 
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No. Flavouring agent 

1594 1 ,6-Hexalactam 
1595 2-lsopropyi-N,2,3-trimethylbutyramide 
1596 N-Ethyl (E)-2(Z)-6-nonadienamide 
1597 N-Cyclopropyl (E)-2(Z)-6-nonadienamide 
1598 N-lsobutyl (E,E)-2,4-decadienamide 
1602 (±)-N, N-Dimethyl menthyl succinamide 
1603 1-Pyrroline 
1604 2-Acetyl-1-pyrroline 
1605 2-Propionylpyrroline 
1606 lsopentylidene isopentylamine 
1608 2-Methylpiperidine 
1611 Triethylamine 
1612 Tripropylamine 
1613 N,N-Dimethylphenethylamine 
1614 Trimethylamine oxide 
1615 Piperazine 

2. Flavouring agents evaluated at the fifty-ninth (2002), sixty-first 
(2003) and sixty-third (2004) meetings of JECFA, for which only 
anticipated poundage data were available or for which the MSDI 
derived from anticipated poundage data from one region (European 
Union or USA) was greater than the MSDI derived from recorded 
poundage data for the other region 

No. Flavouring agent Year Note 

963 Ethyl cyclohexanecarboxylate 2002 a 
986 1 0-Hydroxymethylene-2-pinene 2002 a 
1063 2,5-Dimethyl-3-furanthiol 2002 b 
1065 Propyl 2-methyl-3-furyl disulfide 2002 a 
1066 Bis(2-methyl-3-furyl) disulfide 2002 b 
1067 Bis(2,5-dimethyl-3-furyl) disulfide 2002 b 
1068 Bis(2-methyl-3-furyl) tetrasulfide 2002 a 
1070 2,5-Dimethyl-3-furan thioisovalerate 2002 a 
1077 Furfuryl isopropyl sulfide 2002 b 
1082 2-Methyl-3,5- or -6-(furfurylthio)pyrazine 2002 b 
1085 3-[ (2-Methyl-3-furyl)thio ]-4-heptanone 2002 a 
1086 2,6-Dimethyl-3-[(2-methyl-3-furyl)thio]-4-heptanone 2002 a 
1087 4-[(2-Methyl-3-furyl)thio]-5-nonanone 2002 a 
1089 2-Methyl-3-thioacetoxy-4,5-dihydrofuran 2002 a 
1157 4-Hydroxy-4-methyl-5-hexenoic acid y-lactone 2003 a 
1158 (±) 3-Methyl-y-decalactone 2003 a 
1159 4-Hydroxy-4-methyl-7 -cis-decenoic acid y-lactone 2003 a 
1160 Tuberose lactone 2003 a 
1161 Dihydromintlactone 2003 a 
1162 Mintlactone 2003 b 
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No. Flavouring agent Year Not, 

1163 Dehydromenthofurolactone 2003 b 
1164 (±}-(2,6,6-Trimethyl-2-hydroxycyclohexylidene)acetic acid 2003 a 

y-lactone 
1167 2-(4-Methyl-2-hydroxyphenyl}propionic acid y-lactone 2003 a 
1174 2,4-Hexadien-1-ol 2003 a 
1176 (E, E)-2,4-Hexadienoic acid 2003 a 
1180 (E, E)-2,4-0ctadien-1-ol 2003 a 
1183 2,4-Nonadien-1-ol 2003 a 
1188 (E,Z}-2,6-Nonadien-1-ol acetate 2003 a 
1189 (E, E)-2,4-Decadien-1-ol 2003 a 
1191 Methyl (E)-2-(Z)-4-decadienoate 2003 a 
1193 Ethyl 2,4,7-decatrienoate 2003 a 
1199 (±}-2-Methyl-1-butanol 2003 a 
1217 2-Methyl-2-octenal 2003 a 
1218 4-Ethyloctanoic acid 2003 a 
1226 8-0cimenyl acetate 2003 a 
1228 3, 7,11-Trimethyl-2,6, 1 0-dodecatrienal 2003 a 
1229 12-Methyltridecanal 2003 a 
1232 1-Ethoxy-3-methyl-2-butene 2003 b 
1236 2,2,6-Trimethyl-6-vinyltetrahydropyran 2003 b 
1239 Cycloionone 2003 a 
1245 2,4-Dimethylanisole 2003 a 
1248 1 ,2-Dimethoxybenzene 2003 a 
1265 4-Propenyl-2,6-dimethoxyphenol 2003 a 
1289 Erythro- and threo-3-mercapto-2-methylbutan-1-ol 2003 b 
1290 (±}-2-Mercaptomethylpentan-1-ol 2003 b 
1292 3-Mercapto-2-methylpentanal 2003 b 
1293 4-Mercapto-4-methyl-2-pentanone 2003 b 
1296 spiro[2,4-Dithia-1-methyl-8-oxabicyclo(3.3.0)octane-3,3 ·- 2003 a 

(1 • -oxa-2 · -methyl}cyclopentane] 
1299 2,3,5-Trithiahexane 2003 b 
1300 Diisopropyl trisulfide 2003 b 
1311 2-(2-Methylpropyl}pyridine 2004 a 
1319 2-Propionylpyrrole 2004 b 
1322 2-Propylpyridine 2004 a 
1334 4-Methylbiphenyl 2004 b 
1342 8-3-Carene 2004 a 
1343 a-Farnesene 2004 a 
1344 1-Methyl-1 ,3-cyclohexadiene 2004 a 
1367 trans-2-0cten-1-yl acetate 2004 b 
1368 trans-2-0cten-1-yl butanoate 2004 b 
1369 cis-2-Nonen-1-ol 2004 b 
1370 (E)-2-0cten-1-ol 2004 a 
1371 (E)-2-Butenoic acid 2004 a 
1372 (E)-2-Decenoic acid 2004 a 
1373 (E)-2-Heptenoic acid 2004 a 
1374 (Z)-2-Hexen-1-ol 2004 a 
1375 trans-2-Hexenyl butyrate 2004 a 
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1376 (E)-2-Hexenyl formate 2004 a 
1377 trans-2-Hexenyl isovalerate 2004 a 
1378 trans-2-Hexenyl propionate 2004 a 
1379 trans-2-Hexenyl pentanoate 2004 a 
1380 (E)-2-Nonenoic acid 2004 a 
1381 (E)-2-Hexenyl hexanoate 2004 a 
1382 (Z)-3- and (E)-2-Hexenyl propionate 2004 a 
1384 2-Undecen-1-ol 2004 a 
1407 Dihydronootkatone 2004 b 
1409 P-lonyl acetate 2004 a 
1410 a-lsomethylionyl acetate 2004 a 
1411 3-(1-Menthoxy)-2-methylpropane-1 ,2-diol 2004 a 
1412 Bornyl butyrate 2004 a 
1413 DL-Menthol(±)propylene glycol carbonate 2004 a 
1414 L-Monomenthyl glutarate 2004 a 
1415 L-Menthyl methyl ether 2004 a 
1416 para-Menthane-3,8-diol 2004 a 
1435 Taurine 2004 a 
1438 L-Arginine 2004 a 
1439 L-Lysine 2004 a 
1447 Tetrahydrofurfuryl cinnamate 2004 a 
1457 (±)-2-(5-Methyl-5-vinyltetrahydrofuran-2-yl)- 2004 a 

propionaldehyde 
1475 Ethyl 2-ethyl-3-phenylpropanoate 2004 a 
1478 2-0xo-3-phenylpropionic acid 2004 a 

• Flavourings for which only anticipated poundage data were available 
b Flavourings for which the MSDI derived from anticipated poundage data from 

the USA was greater than the M SDI derived from recorded poundage data 
from the European Union 
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DIVERGENT OPINION ON SAFETY ASSESSMENT OF FLAVOURING 
SUBSTANCES 

Gerard Pascal and Philippe Verger 

lnstitut National de la Recherche Agronomique, Paris, France 

JECFA has adopted part of the concept of 'threshold of toxicological 
concern' for evaluating flavouring agents. The concept is based on the 
assumption that, if the level of exposure is low, risk assessment can be based 
on data for structurally related compounds. The data include those on 
absorption, distribution, metabolism, excretion and toxicity for compounds of 
the same structural class. The threshold of toxicological concern is defined as 
the level of human exposure below which it can be anticipated there are no 
significant risk for health even in the absence of data on the compound itself. 

The quality of the estimate of dietary exposure is therefore crucial for 
reaching a conclusion about the safety of flavouring agents evaluated by this 
Procedure. 

The estimated dietary intake used by the Committee is based on the 
amount of the flavouring agent produced per year by industry (also called 
poundage data) divided by the number of consumers, assumed to be 1 0% of 
the population. 

During the sixty-fifth meeting, 135 flavouring substances were submitted 
for safety assessment. Production figures were not available for 60 of them, 
and industry provided the Committee with 'anticipated production data', 
corresponding to volumes that might be produced in the future. The Committee 
agreed that these data were not adequate for use in its procedure for evaluating 
the safety of flavouring substances. Nevertheless, the Committee came to 
conclusions about the safety of these substances by applying the normal 
procedure, although making the conclusions conditional. 

The minority opinion is that the safety of the 60 flavouring substances 
without reported poundage data should not be evaluated by the normal 
procedure, even on a conditional basis. 
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This volume contains monograph's prepared at the sixty-fifth meeting of the
joint FAO/WHO Expert Committee on Food Additives (JECFA), which met in Geneva,
Switzerland, from 7 to 16 June 2005.

The toxicological monograph's in this volume summarise the safety data on
a number of food additives: Beeswax, Candelilla wax Quillaia extract Type 1 and 2,
Phospholipase from fusarium venenatum expressed in Aspergillus oryzae, Calcium L-
5 methyltetrahydrofolate (L-5_MTHF), and Pulllulan (Pullulan P1-20).

Monograph's on seven groups of related flavouring agents evaluated by the
Procedure for the Safety Evaluation of Flavouring Agents are also included.

This volume and others in the WHO Food Additives series contain 
information that is useful to those who produce and use food additives and veterinary
drugs and those involved with controlling contaminats in food, government and food
regulatory officers, industrial testing laboratories, toxicological laboratories, and
universities.
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