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PREFACE 

The monographs contained in this volume were prepared by the forty
first Joint FAO/WHO Expert Committee on Food Additives (JECFA), which met 
in Geneva, Switzerland, from 9 to 18 February 1993. These monographs 
summarize the safety data on selected food additives and contaminants reviewed by 
the Committee. The data reviewed in these monographs form the basis for 
acceptable daily intakes (ADis) established by the Committee. 

The forty-first report of JECFA will be published by the World 
Health Organization in the WHO Technical Report Series. The participants in the 
meeting are listed in Annex 3 of the present publication and a summary of the 
conclusions of the Committee is included as Annex 4. 

Specifications established at the forty-first meeting of JECFA will be 
published in the FAO Food and Nutrition Paper series. These toxicological 
monographs should be read in conjunction with the specifications and the report. 

Reports and other documents resulting from previous meetings of the 
Joint FAO/WHO Expert Committee on Food Additives are listed in Annex 1. 

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 serve this function by preparing reports of their meetings and 
publishing specifications or residues monographs and toxicological monographs, 
such as those contained in this volume, on substances that they have considered. 

Many proprietary unpublished reports are referenced in this volume. 
These were voluntarily submitted to the Committee, generally by producers of the 
food additives under review, and in many cases these reports represent the only 
safety data available on these substances. The working papers used by the 
Committee to develop the monographs in this volume were developed by Temporary 
Advisers based on all the data that had been submitted, and all these studies were 
available to the Committee as it made its evaluations and finalized the monographs. 

From 1972 to 1975 the toxicology monographs prepared by Joint 
FAO/WHO Expert Committees on Food Additives were published in the WHO 
Food Additives Series; between 1975 and 1985 this series was available in the form 
of unpublished WHO documents provided by the Organization upon request. WHO 
Food Additives Series Volume No. 20, prepared by the twenty-ninth Committee in 
1985, through WHO Food Additives Series Volume No. 24, prepared by the thirty
third Committee in 1988, were published by the Cambridge University Press. 
Beginning with WHO Food Additives Series No. 25, prepared by the thirty-fourth 
Committee, WHO has produced these volumes as priced documents. 

The preparation and editing of the monographs included in this 
volume have been made possible through the technical and financial contributions 
of the Participating Institutions of the International Programme on Chemical Safety 
(IPCS), which support the activities of JECFA. IPCS is a joint venture of the 
United Nations Environment Programme, the International Labour Organisation, and 
the World Health Organization, which is the executing agency. One of the main 
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objectives of the IPCS is to carry out and disseminate evaluations of the effects of 
chemicals on human health and the quality of the environment. 

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, nor concerning the delimitation of its 
frontiers or boundaries. The mention of specific companies or of certain 
manufacturers' products implies neither that they are endorsed nor recommended by 
those organizations in preference to others of a similar nature that are not 
mentioned. 

Any comments or new informatiop. on the biological or toxicological 
data on the compounds reported in this document 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, A venue 
Appia, 1211 Geneva 27, Switzerland. 



MONOGRAPH FORMAT 

Note: Monographs in this document generally follow the format 
presented below. All monographs may not, however, require the use of each 
heading, and in some monographs the format has been modified to better present 
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ANTIOXIDANTS 



GALLATES (PROPYL, OCTYL AND DODECYL) 

First draft prepared by 
Dr G.J.A. Speijers and Mrs M.E. van Apeldoorn 

National Institute of Public Health and Environmental Protection 
Laboratory for Toxicology 
Bilthoven, The Netherlands 

1. EXPLANATION 

Propyl, octyl and dodecyl gallates have been evaluated for acceptable daily 
intake at the third, sixth, eighth, tenth, fifteenth, sixteenth, seventeenth, twentieth, 
twenty-fourth, and thirtieth meetings of the Committee (Annex 1, references 3, 6, 
8, 13, 26, 30, 32, 41, 53 and 73). At the twenty-fourth meeting a group ADI of 
0-0.2 mg/kg bw was established, based on the supposed similarity in the 
biotransformation of these compounds. The Committee used a higher than normal 
safety factor (250) because of concern for adverse effects shown in reproduction 
studies. The gallates were again reviewed by the Committee at its thirtieth meeting. 
Due to lack of adequate data, an ADI was not established for octyl or dodecyl 
gallate, and more information on the hydrolysis and the biotransformation (including 
lactating animals) of the different gallates was required. For propyl gallate an ADI 
of 0-2.5 mg/kg bw was established. 

Since the last evaluation, additional data have become available. These 
new data included four-week and 90-day toxicity studies in rats with propyl gallate 
and in vitro studies on the hydrolysis of the gallates in different tissues. These data 
are summarized and discussed in this monograph, which also includes all data from 
previously published monographs. Because this monograph covers the data on 
propyl, octyl and dodecyl gallates separately, a modified form of the general 
monograph format has been used. 

PROPYL GALLATE 

2. BIOLOGICAL DATA 

2 .1 Biochemical aspects 

2.1.1 Absorption, distribution and excretion. 

No information available. 
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2 .1. 2 Biotransformation 

The available evidence indicates that the gallate esters are hydrolyzed in 
the body to gallic acid. Most of the gallic acid is converted into 4-0-methyl gallic 
acid. Free gallic acid or a conjugated derivative of 4-0-methyl gallic acid is 
excreted in the urine. Conjugation of the 4-0-methyl gallic acid with glucuronic 
acid was demonstrated (Booth et al., 1959). 

Detailed metabolic pathways for propyl gallate have been described (Dacre, 
1960). 

In vitro incubations with propyl, octyl and dodecyl gallate were performed 
using homogenates of liver, mucosa of the small intestine, and contents of 
caecum/colon as a source of intestinal microflora. The various homogenates were 
incubated at 37° C with the individual gallate esters. At various time points up to 
24 hours, samples were taken and analysed by HPLC in order to determine the 
concentration of gallic acid and residual ester. From the time-course of gallic acid 
formation, as well as the disappearance of the specific esters, the rllte of hydrolysis 
of the three esters was calculated. 

All test substances were extensively metabolized by the homogenate of the 
intestinal mucosa, which was demonstrated by the appearance of peaks in the 
chromatograms. Furthermore, the caecum and colon contents also showed a high 
metabolic capacity, especially towards propyl gallate. The amount of gallic acid 
detected in the incubations was always much smaller than the total decrease of the 
amount of ester. It seems likely that apart from hydrolysis of the ester bond, other 
biotransformation routes (oxidation and/ or conjugation) are of major importance for 
all three gallate esters. 

The three homogenates show quantitatively different structure-activity 
relationships for the three esters. Homogenates of liver and of contents of caecum 
and colon metabolize propyl gallate most extensively, followed by octyl or dodecyl 
gallate. Homogenate of the mucosa of the small intestine shows the highest rates 
with octyl gallate, lower rates with dodecyl gallate and propyl gallate. For this 
homogenate, the rate of formation of gallic acid is inversely related to the chain 
length of the ester (de Bie & van Ommen, 1992). 

2.1.3 Effects on enzymes and other biochemical parameters 

Propyl gallate inhibited liver mixed function oxidase (MFO) and 
demethylase activity when added at concentrations of 50 to 500 ~-tM to liver 
microsomal preparations obtained from male Sprague-Dawley rats. Specifically, the 
compound inhibited benzpyrene hydroxylase activity and demethylase activity with 
ethyl morphine, aminopyrene or benzphetamine as substrate. No induction ofMFO 
activity was noted when propyl gallate was injected intraperitoneally at 300 mg/kg 
bw 24 hours prior to sacrifice and assay. The microsomes from the treated animals 
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had lower demethylase activity, probably as a result of inhibitory amounts of the 
compound attached to the microsomes (Yang and Strickhart, 1974). 

Weanling female Sprague-Dawley rats were fed high polyunsaturated fat, 
high saturated fat or low fat diets for one month, with or without the addition of 
0.3% propyl gallate. Propyl gallate caused no measurable difference in body 
weights, relative liver weight or liver microsomal protein values. Liver enzyme 
activity of aniline hydroxylase, aminopyrene N-demethylase and cytochrome-C
reductase were not affected by treatment, nor was the liver concentration of 
cytochrome P-450 and microsomal protein. Rats dosed with BHT at 0.3% of the 
diet exhibited liver hypertrophy and induction of cytochrome P-450 microsomal 
protein and liver enzymes (King and McCay, 1981). 

Addition of 25 or 125 f.tmol of propyl gallate to an MFO assay system 
prepared from the tissues of male Sprague-Dawley rats (liver, kidneys, stomach, 
colon and small intestine) inhibited the oxidation of benzo(a)pyrene (Rahimtula et 
al., 1979). 

Addition of 50 f.tmol of propyl gallate to a rat testis microsomal preparation 
in the presence of arachidonate stimulated the formation of prostaglandins PGF2 • 

Addition of 0.1 mmol vitamin E instead of propyl gallate did not result in increased 
production of any of the prostaglandins. Addition of propyl gallate to similar 
preparations from vitamin E-deficient rats resulted in an increase in production of 
PGF2 only. In the female rat both dietary lipid and dietary propyl gallate affect 
prostaglandin synthesis by mammary gland preparations. These effects are 
concentration-dependent effects with stimulation of synthesis of some prostaglandins 
at one level of propyl gallate and inhibition at higher levels. The effect of propyl 
gallate is also dependent upon the type of fat in the rat diet. Propyl gallate 
stimulates formation of prostglandin PGF2 in mammary gland from rats fed 
polyunsaturated fats, but inhibits PGF2 synthesis in rats fed a saturated fat diet. 
Stimulation of synthesis of different prostaglandins may occur in preparations to 
which propyl gallate was added exogenously as compared to a dietary source of the 
compound. Changes in levels of PGF2 have been correlated with the susceptibility 
of rats to mammary tumours induced by 7, 12-dimethyl-benzo(a)anthracene 
(Carpenter, 1981). 

Effects of propyl gallate on glutathione-S-transferase are described in 
discussion of the short-term toxicity study (Speijers et al., 1993). 



PROPYL, OCTYL AND DODECYL GALLATES 6 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with propyl gallate are summarized in 
Table 1. 

Table 1. Acute toxicity studies - propyl gallate 

Animal Route LD,0 (mg/kg bw) Reference 

Mouse oral 2-3000 Lehman et al., 1951 

Rat oral 3 800 Orten et al. , 1948 

Rat oral 3 600 Lehman et al. , 1951 

Rat i.p. 380 Orten et al. , 1948 

2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Levels of propyl gallate of 1.2% and 2.3% in the diet of rats caused a 
decreased weight gain, the bitter taste of the gallate apparently making the diet 
unpalatable. The high dose level caused some deaths (about 40%) during the first 
month; the survivors continued to eat the diet for 10 - 16 months and showed 
retarded growth, but no pathological lesions. The animals that died exhibited renal 
damage (Orten et al., 1948). 

Weanling rats were fed diets which contained 20% lard and 0, 0.1, 0.2, 
0.3, 0.4 and 0.5% propyl gallate for six weeks. There was no effect on body 
weight, liver weight, liver weight to body weight ratio, left adrenal weight, total 
liver lipid, composition of liver polyunsaturated fatty acids, liver cholesterol, 
adrenal cholesterol or serum sodium (Johnson and Hewgill, 1961). 

Propyl gallate was added to the dietary fat of weanling rats at levels of 
0.02% in the fat for 13 weeks. The fat content of the diet provided 30% of its 
caloric value. There was a very slight inhibition of growth. The same rats were 
then placed on a partial starvation diet and kept until they died. The survival time 
of the animals which had received the propyl gallate was considerably reduced and 
the reduction in their total body protein was greater than control rats (Bukhan, 
1962). 

Weight gain depression of more than 10% was observed in male rats 
receiving diets containing 12 500 or 25 000 and in females receiving 25 000 mg 
propyl gallate/kg feed. Dirty tails, indicating gastrointestinal disturbance, were 
noted in both sexes at 25 000 mg propyl gallate/kg feed. In the 25 000 mg/kg feed 
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groups, reddish duodenal mucosa was reported in both sexes, in addition to 
thickening of the stomach wall with necrosis and ulceration of the mucosal surface 
of the stomach, and moderate to severe granulomatous inflammatory response in the 
submucosa and muscular wall of the stomach. No stomach nor duodenal lesions 
were noted in either sex at 6 000 or 12 500 mg/kg feed (Abdo et al., 1983). 

A 4-week oral toxicity study with propyl gallate was performed in rats (6 
animals/group/sex) at dose levels of 0, 1 000, 5 000 and 25 000 mg/kg feed. 
Parameters studied comprised growth, food and water intake, biochemistry, 
haematology, organ weights and histopathology. 

In the high-dose group both females and males gained less weight than 
those in the control group. Haemoglobin concentration, packed cell volume, red 
blood cell concentration, mean corpuscular volume and mean corpuscular 
haemoglobin were lowered in the high-dose group. Consistent with the anaemia, 
an increased extramedullary haematopoiesis and slightly decreased haemosiderosis 
were noted in the spleen. In kidneys hyperplastic tubuli in the outer medulla were 
detected. In the liver of the animals of the 5 000 and 25 000 mg/kg feed groups 
increases in activity of aminopyrine-N-demethylase and glucuronyl-transferase and 
glutathione-s-transferase and an increase in cytochrome P-450 content were detected 
(Strik et al., 1986). 

A toxicity study with propyl gallate in SPF-derived Wistar RIVM:Tox rats 
(10 animals/group/sex) was performed in which they were fed a semisynthetic diet 
containing 0, 490, 1 910 or 7 455 mg propyl gallate/kg feed for 13 weeks. Body
weight gain was recorded weekly and food-intake twice weekly. Other parameters 
included haematology, biochemical analyses in urine, serum and liver and complete 
histopathological examinations. 

Adverse effects of propyl gallate observed in the high-dose group were 
effects on the haematopoietic system reflected in the haematological parameters (Hb, 
Hct and RBC) and the morphological changes (extramedullary haematopoiesis) in 
the spleen. The other effects of propyl gallate comprised a decreased incidence of 
nephrocalcinosis normally seen in female rats on semisynthetic diet, an increased 
activity of ethoxy-resorufin-o-deethylase (EROD) in the high-dose group and an 
increased activity of the conjugating enzymes glucuronyl-transferase and glutathion
s-transferase, in the mid and high-dose groups receiving propyl gallate. The effects 
on the liver enzymes suggest that other biotransformation routes additional to 
hydrolysis of the gallate seem to be involved. The effects on nephrocalcinosis and 
on the conjugating enzymes were not considered adverse. Therefore the NOAEL 
was 1 910 mg propyl gallate/kg feed, equal to 135 mg propyl gallate/kg bw day 
(Speijers et al., 1993). 

2.2.2.2 Guinea-pigs 

Propyl gallate fed to guinea-pigs in groups of 20 at a level of 0.02% in the 
diet for 14 months caused no observed ill effects (Orten et al., 1948). 
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2.2.2.3 Dogs 

A level of 0.01% propyl gallate in the diet was well tolerated by a group 
of seven dogs over a period of 14 months (Orten et a!., 1948). 

2.2.2.4 Pigs 

Diets containing 0. 2% propy I gallate were fed to pigs without observed ill 
effect; no anaemia was observed (van Esch, 1955). 

2. 2. 3 Long-term toxicity I carcinogenicity studies 

2.2.3.1 Mice 

Groups of 50 mice (University Animal Breeding Station closed strain 
colony) equally divided by sex were maintained on diets containing 0, 0.25 or 1.0% 
n-propyl gallate for a period of 21 months. Water intake, food consumption and 
growth of test animals were comparable to controls. Treated male mice showed a 
greater percentage survival than control mice at termination. Haematologic 
measurements (haemoglobin, packed cell volume, differential white cell count) were 
similar for test and control animals. At autopsy, a comparison of relative 
organ/body weight showed a reduction in the relative spleen weight of males on the 
1% diet. No compound-related histopathological changes were observed (Dacre, 
1974). 

Abdo and coworkers maintained groups of B6C3F1 mice of each sex on 
diets containing 0, 6 000 or 12 000 mg propyl gallate/kg feed for 105- 107 weeks. 
Lower body weights compared to controls were observed throughout most of the 
duration of the study in both sexes and both dose groups. At week 104, mean body 
weights of the male mice were 6% and 8% lower than controls in the high- and 
low-dose groups respectively. In the females, both dose groups had about a 12% 
lower body weight than the controls at week 104. Feed consumption in low and 
high-dose males was 91 and 100%, respectively, of that of controls while the 
corresponding figures for females were 109 and 106%, respectively. No other com
pound-related clinical signs were observed. There was no significant effect of 
treatment on survival. The survival rate averaged 80% in males and 75% in 
females. Tumour incidences of the haematopoietic system and liver in the treated 
groups showed significant increases, as shown in Table 2. Tumours at other sites 
were not significantly different from controls. 
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Table 2: Tumour incidence in treated mice, sites with significant increases 

Incidence 

Males Females 

Group - 50 animals/group c L H c L H 

Site Lesion 

Haematopoietic Malignant lymphoma: 
system 

Histiocytic 0 0 4 2 0 0 

Mixed 0 3 4 3 

Lymphocytic 2 0 2 3 

Not Otherwise Specified 0 0 0 0 

All 3 8 8 3 6 

Liver Adenoma 3 4 0 2 5 

Carcinoma 14 11 9 3 0 

Both 17 15 10 3 3 5 
C: control group, L: low dose, H: htgh dose. 

There was a significant positive trend in the incidence of histiocytic 
lymphoma in male mice (8%) relative to controls. The historical control rate for 
histiocytic lymphomas was 3.3% (21/640). There was a significant positive trend 
in the incidence of all malignant lymphomas in male mice (113/8), and significantly 
increased incidence by a direct comparison between high-dose and control (p < 
0.028). However the high dose incidence was not statistically significant when 
compared to the historical control rate at the performing laboratory for all malignant 
lymphomas of 9.4 (60/640). In females the highest incidence was noted in the con
trol group. 

The number of male rats in which hepatic adenomas or carcinomas 
occurred showed a significant negative trend. Hepatocellullar adenomas in female 
mice occurred with a positive trend (p < 0.022) and the incidence of adenoma in 
the high-dose females is significantly greater than in controls (p < 0.039). 
However the incidence in the high-dose group was not different from the historical 
incidence of this tumour (94/3127; 3%). Further, the combined incidence of 
hepatocellular adenomas or carcinomas was similar in dosed and control groups 
(Abdo et a!., 1983). 

A level of 5% propyl gallate in the diet in a two-year chronic toxicity study 
in rats and mice gave rise to patchy hyperplasia in the proventiculus. At a level of 
1%, no difference was noted between test and control animals (Lehman et a!., 
1951). 



PROPYL, OCTYL AND DODECYL GALLATES 10 

2.2.3.2 Rats 

Groups of 10 male and 10 female rats were fed for two years on diets 
containing 0, 0.001, 0.01, 0.12, 1.2 or 2.3% propyl gallate. The groups receiving 
1.17 and 2. 34% propy 1 gallate showed stunted growth and evidence of renal 
damage. In the other groups, there was no detectable effect on haemoglobin, 
erythrocyte or leucocyte levels in the blood, nor on the histopathological appearance 
of the organs examined (Orten et al. , 1948). 

Abdo and coworkers fed groups of 50 F-344 rats of each sex diets contai
ning 0, 6 000 or 12 000 mg propyl gallate for 105- 107 weeks, as shown in Table 
3. Throughout the study, there was a dose-related depression in body weights at 
both dose levels and in both sexes. Mean feed consumption was 94% and 98% of 
the controls in the low and high-dose males, while the corresponding values for 
females were 95 and 115% respectively. In males 78% of the controls, 76% of the 
low-dose and 88% of the high-dose group lived to the end of the study. In females 
the corresponding values were 78%, 76% and 84% respectively. No treatment
related clinical signs were observed. There were no significant differences in 
survival between the groups. For males the survival was 78%, 76% and 88%, for 
control, low, and high-dose groups, respectively, and the corresponding values for 
female rats were 78%, 76% and 84%. 

As shown in Table 3, in male rats the incidence of three types of 
neoplasms was increased in the low-dose treatment compared to the control group, 
namely, phaechromocytoma of the adrenal medulla, islet cell neoplasms of the 
pancreas and neoplasm of preputial gland origin. Equal or greater increases were 
not observed in the high-dose male groups. The occurrence of these tumours was 
not considered to be treatment related. The combined incidence of male rats with 
follicular cell adenomas or carcinomas of the thyroid was significant (p < 0.05) by 
the trend test, but the high-dose incidence was not statistically different in any tests 
in direct comparison with the control. In the high-dose females there were 3 
mammary adenomas while there were none in the other two groups. The trend test 
was statistically significant but the incidence in the high-dose group was not signi
ficantly higher than control. There was an increase in the incidence of females with 
endometrial stromal polyps of the uterus with a marginally significant trend. The 
high-dose incidence falls within the overall historical control range (4-36% ). 

Tumours of the brain (an astrocytoma and a glioma) were found in two 
low-dose female rats. None of the high-dose female rats showed this tumour. The 
incidence of these tumours in the brain of the low-dose females was not considered 
to be related to propyl gallate, since none of the high-dose females had this tumour 
(Abdo et al., 1983). 
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Table 3: Tumour incidence at sites with significant variation in rats fed propyl gallate 

Group 

Site 

Pancreas 

Thyroid 

Adrenal Gland 

Preputial gland 

Mammary gland 

Mammary gland 

Uterus 

Brain 

Brain 

Haematopoietic 
system 

Total Animals 

Lesion 

Islet cell: 

Adenomas 

Carcinomas 

Both 

Follicular cell: 

carcinoma 

adenoma 

Phaeochromocytoma 

Adenoma or 
carcinoma 

Adenoma 

Fibroadenoma 

Endometrial stromal 
polyp 

Astrocytoma 

Glioma 

Leukaemia or 
lymphoma 

C: control, L: low dose, H: high dose 

2.2.4 Reproduction studies 

c 
50 

0 

2 

2 

0 

0 

4 

0 

2 

0 

0 

16 

L 

50 

8 

9 

0 

0 

12 

8 

0 

0 

0 

0 

8 

Incidence 

males 

H 

50 

2 

2 

4 

2 

8 

0 

0 

0 

0 

6 

c 
50 

0 

0 

0 

4 

2 

0 

11 

6 

0 

0 

8 

L 

50 

0 

0 

0 

0 

2 

8 

0 

5 

females 

H 

50 

0 

0 

0 

3 

3 

3 

5 

3 

3 

0 

6 

Propyl gallate was fed to rats at concentrations of 0.035, 0.2 or 0.5% in 
the diet for two successive generations. Neither effects on reproduction 
performance nor on indices of reproduction were reported. No abnormalities were 
observed in the organs or tissues of the rats at autopsy (van Esch, 1955). 

2.2.5 Special studies on genotoxicity 

Propyl gallate was investigated in vitro at concentrations of 0.5, 5.0 and 
50 J-tg/ml employing WI-38 human embryonic lung cells for anaphase abnormalities. 
It was also investigated in vivo by the cytogenetic analysis of metaphase cells from 
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the bone marrow of rats (Sprague-Dawley C-D strain). The dosages employed were 
5.0, 50.0 and 500 mg/kg bw. Propyl gallate was mutagenic in neither assay. 

The genotoxic effect of propyl gallate was studied using Salmonella 
typhimurium strains TA-1530 and G-46 and Saccharomyces D-3 in presence or 
absence of metabolic activation. A 0.25% concentration was tested. Propyl gallate 
was non-mutagenic in all tests. 

In a host-mediated assay, propyl gallate was tested at dose levels equivalent 
to 5, 50, 500 and 2 000 mg/kg bw in ICR Swiss mice employing, as indicator 
organisms, Salmonella G-46 and TA-1530 and Saccharomyces D-3. Propyl gallate 
was non-mutagenic under the conditions of the test. 

In a dominant lethal test, Sprague-Dawley CD strain male rats were dosed 
at 5, 50 and 500 mg/kg bw. In an acute study, a single dose was administered with 
subsequent mating for each of eight weeks. Propyl gallate did not produce any 
significant dominant lethality. In a subacute study, five daily doses were 
administered (5 x 5, 5 x 50, 5 x 500 and 5 x 5 000 mg/kg bw). Males were 
subsequently mated for each of seven weeks. No dominant lethal effects were noted 
(Weir and Brusick, 1974). 

2.2.6 Special studies of the effect of propyl gallate on the forestomach 

Propyl gallate incorporated into the diet (0.52 and 2%) and fed to male F-344 
rats, for 9 days neither affected the morphological appearance of the forestomach 
squamous epithelium nor induced changes in the (methyl-3H) thymidine labelling 
index in the fundic region of the forestomach (Nera eta!., 1984). 

2.2.7 Special studies on the effect of propyl gallate on toxicity of chemical 
agents 

2. 2. 7 .1 Teratogenesis 

Pregnant New Zealand white rabbits (on gestation day 12) were injected 
s.c. with propyl gallate (362- 900 mg/kg bw) and hydroxyurea (600- 750 mg/kg 
bw). The materials were injected either simultaneously or mixed over periods of 
45 minutes. The extent of amelioration of the teratogenic effects of hydroxyurea 
was dependent on the dose of propyl gallate. There was a significant linear 
decrease in both resorptions and specific malformations with increasing doses of 
propyl gallate (de Sesso, 1981). 

2.2.7.2 Genotoxicity 

Propyl gallate inhibited the genotoxicity of benzo(a)pyrene for Salmonella 
typhimurium (Strain TA 98), and moderately increased the mutagenicity of aflatoxin 
B1 for Salmonella typhimurium TA 100 and TA 98 (Calle and Sullivan, 1982). 

Four-week old random-bred ICR Swiss male mice were fed diets 
containing 0, 10, 100, 1 000 or 5 000 mg propyl gallate/kg feed for 3 months. 
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They were exposed to 50 or 125 rad of whole gamma radiation from a 137Cs source. 
Thirty hours after irradiation, animals were scored for micronuclei in polychromatic 
bone marrow erythrocytes. As compared to controls not given propyl gallate, the 
propyl gallate-treated animals had an increased incidence of micronuclei of about 
1.6- 2-fold. However, there was no dose dependence, 10 mg/kg of propyl gallate 
was as effective in producing radio-sensitization as 5 000 mg/kg feed (Kamra and 
Bhaskar, 1978). 

Propyl gallate itself was not mutagenic towards Salmonella typhimurium 
strains TA 98 and TA 100 in the presence or absence of arochlor-induced rat liver 
homogenates. Treatment of bacteria (evidently without activation) with propyl 
gallate and N-acetoxy-AAF or N-methyl-N-nitrosoguanidine (MNNG) resulted in 
a reduction of mutation rate compared to that observed in the presence of N
acetoxy-AAF or MNNG alone. By contrast, mixtures of propyl gallates and 4-
nitroquinoline oxide (4NQO) or N-hydroxy-AAF showed increased mutagenicity as 
compared to that observed with the compounds in the absence of the propyl gallate. 
The proceeding studies were all done using Salmonella strain TA 100, except that 
the propyl gallate-4NQO mixture was tested with both Salmonella strains TA 100 
and TA 98. Propyl gallate was more efficient at enhancing mutagenesis for 
Salmonella TA 100 than TA 98. A propyl gallate-aflatoxin B1 mixture was also 
tested using liver activation from arochlor-treated rats; the addition of propyl gallate 
substantially reduced the mutagenic activity of aflatoxin B1 (Rosin and Stich, 1980). 

Propyl gallate was not mutagenic to Salmonella strains TA-98 or TA-100 
with or without activation by liver extracts from arochlor-induced rats. In contrast 
to the results reported above these workers observed a small increase in aflatoxin 
B1 mutagenesis in TA 100 in the presence of propyl gallate (Shelef and Chin, 1980). 

2.2.8 Special studies on the effects of propyl gallate on the carcinogenic 
activity of carcinogens 

Lung adenomas were induced in strain A mice by chronic treatment with 
nitrite in drinking water and morpholine in food. Addition of gallic acid to the diet 
resulted in an 86% inhibition of adenoma induction. Dietary gallic acid reduced or 
did not affect the induction of adenomas by mononitrosopiperazine or 
nitrosomorpholine given in drinking water, and failed to induce lung adenomas 
when given alone (Mirvish et a!., 1975). 

Weanling (21 day old) female Sprague-Dawley rats were fed with one of 
three basal diets: polyunsaturated fat (20% corn oil, HPF); saturated fat (18% 
coconut oil and 2% linoleic acid, HSF); or low fat (2% linoleic acid, LF), with and 
without 0.3% propyl gallate (PG). At 50 days of age, one half of each group (30 
rats/group) received 10 mg of DMBA in 1 ml corn oil p.o. as a tumour inducer. 
Both the amount of fat and the degree of unsaturation were found to affect the 
extent of protection against tumorigenesis afforded by PG, with some protection 
seen in all three dietary groups. Tumour incidences at 32 weeks of age were: HPF, 
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100%; HSF, 63%; LF, 29%; HPF+PG, 77%; HSF+PG, 11%. Tumours grew 
most rapidly in the HPF group. Propyl gallate did not alter the function of the 
hepatic mixed oxidase system by induction or inhibition under the dietary conditions 
used (King and McCay, 1980). 

The induction of epidermal ornithine decarboxylase by 12-0-
tetradecanoylphorbyl-13 acetate in mouse epidemis was inhibited by the topical 
application of propyl gallate. Its potency was approximately 10% of that of BHA 
(Kozumbo, Seed and Kensler, 1983). 

Propyl gallate did not modify tumour development of 1,2-
dimethylhydrazine-initiated colon carcinogenesis in F344 rats (Shirai et al., 1985). 

The promoting activity of3 antioxidants, a-tocopherol, propyl gallate and 
tertiary butylhydroquinone (TBHQ) in urinary bladder carcinogenesis initiated by 
N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN) in male Fischer 344 rats was 
examined. Rats, 6 weeks old, were treated with 0.05% BBN in the drinking water 
for 4 weeks and then administered 1.50, 0.75 or 0.38% a-tocopherol, 1.0% propyl 
gallate or 2.0% TBHQ in the diet for 32 weeks. The urinary bladder of each 
animal was examined histologically after the 36-week experimental period. The 
incidence of papillary or nodular hyperplasia (PN hyperplasia) of the urinary bladder 
was significantly higher in the rats treated with BBN followed by 2.0% TBHQ than 
in controls initiated with 0.05% BBN followed by control diet. This result indicates 
that TBHQ has weak promoting activity in urinary bladder carcinogenesis. a
tocopherol and propyl gallate did not demonstrate a promoting effect for urinary 
bladder lesions (Tamano et al., 1987). 

2.2.9 Special studies on the interactions of propyl gallate 

Propyl gallate, gallic acid and nordihydroguaiaretic acid were all potent 
inhibitors of the in vitro mouse spleen cell antibody response as assayed by anti
sheep erythrocyte plaque-forming cell response. These compounds also suppressed 
clone formation in vitro by human WISH or mouse L-cells (Blalock et al. , 1981). 

Gallic acid was reported to suppress the in vitro thymus-dependent plaque 
forming response of mouse C57Bl/6 spleen cells to sheep red blood cells. The 
compound also suppressed mitogen-induced DNA synthesis of 6 lymphocytes but 
had no effect on B-lymphocyte function (Archer et al., 1977). 

2.2.10 Special studies on sensitization 

Gallates have been shown to cause contact dermatitis in bakers and other 
workers handling gallates. Patch tests with lauryl gallate at 0.2% showed a weak 
positive response in one sensitized individual. Other individuals have suffered 
recurring episods of dermatitis, presumably caused by gallates in food products 
(Brun, 1970). 
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2.2.11 Other special studies 

Partial protection against liver damage by single oral doses of 2.5 or 0.25 
ml/kg of chloroform was provided by i.p. injection of 150 mg/kg bw of propyl 
gallate (Torrielli and Ugazio, 1975). 

2.3 Observations in humans 

No information available. 

OCTYL GALLATE 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

See propyl gallate. 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with octyl gallate are summarized in 
Table 4. 

Table 4. Acute toxicity studies - octyl gallate 

Animal Sex Route LD50 mg/kg bw Reference 

Rat oral 4 700 van Sluis, 1951 

Rat i.p. 60-80 van Esch, 1955 

Rat M oral 2 710 Brun, 1970 

Rat F oral 1 960 Brun, 1970 

Rat M oral 2 710 Brun, 1970 

Rat F oral 2 330 Brun, 1970 

2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Groups each of 20 rats (equally divided by sex) were maintained on diets 
containing 0, 1 000, 2 500 or 5 000 ppm (0%, 0.1 %, 0.25% and 0.5%) octyl 
gallate for 13 weeks. All groups showed normal weight gains and food 
consumption. Haematology and blood chemistry and urinalyses revealed normal 
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values. A complete gross and histopathologic examination showed no compound
related effects (Blackmore and Voelker, 1969a). 

2.2.2.2 Dogs 

Groups of eight dogs, each equally divided by sex, were fed diets 
containing 0, 0.1, or 0.3% n-octyl gallate for 90 days, or 1.0% n-octyl gallate for 
four weeks; the 1.0% level was then reduced to 0.65% for the rest of the study. 
All groups showed normal weight gain and food consumption, except the 1. 0% 
group. Haematology and blood chemistry and urinalyses were normal. A complete 
gross and histopathologic examination showed no compound-related effects 
(Lindberg et al., 1970). 

In another study groups of eight dogs, each equally divided by sex, were 
maintained on diets containing 0, 0.1 , 0. 25 or 0. 5 % octy I gallate for 13 weeks. All 
animals showed normal food consumption and weight gain. Haematology and 
urinanalyses were similar for test and control animals. ASAT activity was slightly 
elevated in the 0. 5% group. Gross and histopathologic examination of tissues and 
organs showed no compound-related effects (Blackmore and Voelker, 1969b). 

2.2.2.3 Pigs 

Diets containing 0.2% octyl gallate were fed to pigs without demonstrable 
ill effect; no anaemia was observed (van Esch and van Genderen, 1955). 

2. 2. 3 Long-term toxicity I carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

Young rats in groups of 12 males and 12 females were fed diets containing 
7% fat and 0. 2% octy I gallate. There was no significant difference between test and 
control animals over three generations (van Sluis, 1951). 

Octyl gallate was fed to rats at concentrations of 0.035, 0.2 and 0.5% in 
the diet for two successive generations. No effects on reproductive performance or 
other indices of reproduction were reported. A slight hypochromic anaemia was 
noticed in the 0.2% group. No abnormalities were observed in organs or tissues of 
the rats at autopsy (van Esch, 1955). 

Groups, each of 10 male and 20 female rats, were maintained on diets 
containing 0, 1 000 or 5 000 mg/kg feed octyl gallate. The animals were bred 
twice for the first generation, and three times for the second generation. At the 
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time of weaning of the FIB litters in the 5 000 mg/kg feed group, the level was 
reduced to 2 500 mg/kg feed for the second generation. In the second generation, 
approximately 24 hours after birth, selected litters were redistributed to female 
parents so that control females nursed pups from test animals, and test animals 
nursed pups from control and other test groups. Half of the P2 females bred for the 
third time (F2c) were examined by Caesarean section at time of delivery and the 
number of implantation sites, corpora lutea and fetuses determined. One half of the 
pups from each litter were examined for skeletal abnormalities, and the other half 
for visceral abnormalities. The other parameters measured in this study were 
appearance, behaviour, growth of pups during the nursing and weaning process, 
fertility index, gestation index, live birth index, and weaning survival index. 
Autopsies were carried out on F2b weanling pups, (control pups suckled by control 
dams, experimental group pups suckled by respective group dams), as well as 
microscopic examination of pituitary, thyroid, liver, spleen, kidneys, adrenals, 
stomach, pancreas, small intestine, large intestine and any unusual lesions of five 
males and five females from high-dose and control group. Weanling survival index 
and body weight at weaning were considerably reduced in the 5 000 mg/kg feed 
group of the F1• and F1b generation. Reduction of these indices was still apparent 
in the F2• and F2b generations, when the dietary level was reduced to 2 500 mg/kg 
feed. At 1 000 mg/kg feed, the indices were similar to control. 

Redistribution of F2b pups to females of control groups resulted in similar 
growth of all pups to weaning. Allowing pups from high level group to be nursed 
by control dams resulted in a marked increase in survival indices, whereas when 
control pups were nursed by high level dams, there was a marked decrease in 
survival indices. Examination of P2 parents following the third breeding indicated 
a dose-dependent reduction in implantation sites, as well as a reduction in number 
of corpora lutea. The fertility index of high level P2 females was depressed at the 
F2c stage. Skeletal evaluation of F2c litters showed incomplete skull ossification in 
some pups in the test groups, but this was not considered remarkable for the size 
of the fetuses. Necropsy of the pups indicated a higher incidence of gross kidney 
alterations than that observed in controls. No compound-related histopathological 
effects were reported. The NOEL was 1 000 mg/kg feed/day, equal to 17.5 mg/kg 
bw/day (Olson and Voelker, 1970). 

n-Octyl gallate was fed in the diet to groups of eight male and 16 female 
rats for two successive generations at levels of 0, 0.1 or 0.3% (and 0.6% for one 
generation). Rats were mated to produce two litters per generation with the next 
generation selected from weanlings of the second litter. A dietary level of 0.1 % 
had no effect on reproduction performance or the offspring. At 0.3 and 0.6% 
dietary octyl gallate, there was no significant effect on the rat fetuses during 
pregnancy, but a marked effect was observed on survival through weaning. In the 
case of the 0.6% group, return to normal diet for six weeks, prior to a third bree
ding, did not result in increased survival of offspring through weaning (Plank et at., 
1971). 
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2.2.5 Special studies on sensitization 

Repeated insult patch tests with 0.1% n-octyl gallate solution showed 
reaction in 13/445, or 2.9%, of tested individuals. Oral mucosa irritation/ 
sensitization tests conducted with beer containing 20 mg/kg n-octyl gallate showed 
that the incidence and severity of erythema were greater with beer containing n-octyl 
gallate than with untreated beer. Oedema was also greater with treated beer 
(Palazzolo & Fancher, 1971a,b,c). 

DODECYL GALLATE 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

See propyl gallate 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with dodecyl gallate are summarized 
in Table 5. 

Table 5. Acute toxicity studies - dodecyl gallate 

Animal Sex 

Rat 

Rat 

Route 

oral 

i.p. 

LD50 mg/kg bw 

6 500 

100-120 

2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Reference 

van Sluis, 1951 

van Esch, 1955 

Weanling rats were given diets containing 2.5 or 5% dodecyl gallate. All 
animals fed the smaller quantity were dead within 10 days, and all animals fed the 
larger quantity died within seven days (Allen & DeEds, 1951). 

Male Wistar rats were administered dodecyl gallate daily by gavage, at 
doses equivalent to 10, 50 or 250 mg/kg bw/dy for 150 days. In the 250 mg/kg 
bw/dy group, numerous deaths occurred. Both the 250 and 50 mg/kg bw/dy dose 
caused changes in serum lipids and enzymes, reduction in weight of the spleen and 
pathological changes in the liver, kidney, and spleen. The 10 mg/kg bw/dy level 
was considered to be the NOEL (Mikhailova et al., 1985). 
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Rats fed for 70 days on a diet containing 7% fat and 0.2% dodecyl gallate 
showed no effect on body weight (Tollenaar, 1957). 

2.2.2.2 Pigs 

Diets containing 0.2% of dodecyl gallate were fed to pigs without 
demonstrable ill effect; no anaemia was observed (van Esch and van Genderen, 
1954). 

2.2.3 Long-term toxicity/carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

Young rats in groups of 12 males and 12 females were fed diets containing 
7% fat and 0.2% dodecyl gallate. There was no significant difference between test 
and control animals over three generations (van Sluis, 1951). 

Dodecyl gallate was fed to rats at concentrations of 0.035, 0.2 or 0.5% in 
the diet, for two successive generations. There was significant retardation of 
growth in the 0. 5 % group. Some litters in this group were lost in the second 
generation because they were not fed sufficiently by the mothers. A slight 
hypochromic anaemia was observed in the 0.2% group. No abnormalities were 
observed in the organs or tissues at autopsy (van Esch, 1955). 

2.2.5 Special studies on sensitization 

See propyl gallate. 

3. COMMENTS 

Although there are similarities in the metabolism of the different gallates 
as evidenced by earlier limited data and a newly available in vitro metabolism study, 
the Committee concluded that there was not enough evidence to allocate a group 
ADI for the gallates when in vivo pharmacokinetic and metabolic studies were not 
available. In addition, a 150-day gavage study with dodecyl gallate revealed a 
NOEL that was 10-fold lower than the dietary NOEL for propyl gallate. 

4. EVALUATION 

In the 90-day toxicity study in rats at a high-dose level (7 450 mg/kg feed), 
changes in haematological parameters (decreased haemoglobin, haematocrit and red 
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blood cell count), morphological changes (increased extra medullary haematopoeisis) 
in the spleen, and increased activity of hepatic ethoxy-resorufin-0-deethylase were 
observed. The Committee allocated an ADI of 0-1.4 mg propyl gallate/kg bw, 
which was based on the NOEL in this study of 1 910 mg propyl gallate/kg feed, 
equal to 135 mg propyl gallate/kg bw/day to which a 100-fold safety factor was 
applied. 

The Committee concluded that it was unlikely that either octyl or dodecyl 
gallate is carcinogenic or genotoxic. Therefore, the Committee allocated temporary 
AD Is to both gallates based on the NOELs observed in limited toxicological studies. 

With octyl gallate, a slight hypochromic anaemia was observed at 100 
mg/kg bw/day in a study in rats in which the substance was administered for two 
generations. A temporary ADI of 0-0.1 mg octyl gallate/kg bw was allocated based 
on a NOEL of 17.5 mg/kg bw/day in a reproduction study with rats, to which a 
safety factor of 200 was applied. 

With dodecyl gallate, a reduction of spleen weight and pathological 
changes in the liver, kidney and spleen were observed in a 150-day gavage study 
with rats, with a NOEL of 10 mg/kg bw/day. A temporary ADI of 0-0.05 mg/kg 
bw was allocated based on this study, using a 200-fold safety factor. 

The Committee concluded that additional information on the 
pharmacokinetic and metabolic behaviour of the different gallates may help to 
explain the differences in toxicological potency of the different gallates and required 
data from such studies by 1996. If these studies do not satisfactorily resolve the 
issue with respect to similarity of octyl and dodecyl gallate to propyl gallate, further 
toxicological studies (including long-term toxicity/carcinogenicity studies and 
genotoxicity studies) on octyl and dodecyl gallate might be required. 
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1. EXPLANATION 

This compound was previously evaluated at the eleventh, twenty-seventh, 
twenty-ninth, thirty-first, and thirty-fifth meetings (Annex 1, references 14, 62, 70, 
77, and 88). During some of these meetings the Committee also considered related 
substances, including benzyl alcohol, benzaldehyde, benzoic acid, and the benzoate 
salts. 

Benzyl acetate was first evaluated by the Committee at its eleventh meeting 
(Annex 1, reference 14), when an ADI of 0-5 mg per kg of body weight was 
allocated in terms of benzoic acid, representing total benzoate from all food additive 
sources. At the twenty-seventh meeting (Annex 1, reference 62) the ADI for benzyl 
acetate was retained but made temporary because of concern raised by preliminary 
findings from screening tests for carcinogenicity. At its twenty-ninth meeting 
(Annex 1, reference 70) the Committee considered new data on the metabolism of 
benzyl acetate and on the occurrence of tumours in rats and mice given benzyl 
acetate by gavage. The Committee extended the temporary ADI of 0-5 mg per kg 
of body weight pending results from carcinogenicity studies with benzyl alcohol. 
The temporary ADI was again extended at the thirty-first meeting of the Committee 
(Annex 1, reference 77), as the expected data were not available. At its thirty-fifth 
meeting (Annex 1, reference 89) the Committee reviewed a lifetime gavage studies 
with benzyl alcohol and found no evidence of a tumorigenic effect. The Committee 
extended the temporary ADI of 0-5 mg per kg of body weight for benzyl acetate 
until 1993, pending the evaluation of results from ongoing long-term studies with 
benzyl acetate incorporated into the diet of mice and rats and requested data from 
and in vivo test for chromosomal damage to bone marrow. 

Since the previous evaluation, additional toxicological data have become 
available and are summarized and discussed in the following monograph addendum. 
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2. BIOLOGICAL DATA 

2.1 Toxicological studies 

2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

Groups of 10 male and 10 female mice (B6C3F1, average age at exposure 
42 days; 13 days quarantine prior to test) received 0, 3 130, 6 250, 12 500, 25 000, 
or 50 000 mg/kg feed (equivalent to 0, 450, 900, 1 800, 3 600, or 7 200 mg/kg 
bw/day) of benzyl acetate (benzyl acetate, properties consistent with structure and 
literature references, purity: 99%; stability monitored periodically; no degradation 
of bulk chemical observed) in their diet for a period of 13 weeks. Feed [feed 
prepared weekly and stored in dark; dose formulation analyzed 4 times during study 
for benzyl acetate concentrations, stability, and homogeneity; contained low and 
biologically insignificant levels of aflatoxins, pesticides and heavy metals] and water 
were provided ad libitum. The feed consumption was recorded daily and the 
animals were weighed weekly. Haematology, clinical chemistry (cholesterol and 
triglycerides), and pancreatic enzymes (amylase, lipase, carboxypetidase, 
chymotrypsin, ribonuclease), were performed at termination of the study. 
Histopathology examinations were performed on all control, on 25 000 mg/kg feed 
female, and all 50 000 mg/kg feed animals. 

Statistically significant (p < 0.01) dose-related decreases in final body 
weights were observed in all treated animals compared to controls. The mean feed 
consumption of all exposed mice was lower, but not statistically significantly lower, 
than that of the control groups. Tremor was observed in female mice at a dose 
level of 12 500 mg/kg feed and above. At the dose level of 50 000 mg/kg feed one 
male died and one female mice was killed in extremis. The absolute and relative 
organ weights in treated animals were influenced by the lowered terminal body 
weight and all significant differences between treated and control groups were 
attributed to treatment. No dose-related effects in haematology, clinical chemistry, 
or pancreatic enzyme parameters were observed in treated animals. 

Histopathological examination revealed hippocampal necrosis, cerebellar 
haemorrhage of the brain and hepatocellular necrosis in 1 male mouse receiving 50 
000 mg/kg feed after 11 weeks of treatment. At termination three female mice 
receiving 50 000 mg/kg feed showed hippocampal necrosis and depletion of the 
pyramidal layer cells in the brain (NTP, 1992). 

2.2.2.2 Rats 

Groups of 10 male and 10 female rats (F344, average age at exposure 43 
days; 13 days quarantine prior to test) received 0, 3 130, 6 250, 12 500, 25 000, 
or 50 000 mg/kg feed (equivalent to 0, 210, 420, 840, 1 680, or 3 360 mg/kg 
bw/day) of benzyl acetate (benzyl acetate, properties consistent with structure and 
literature references, purity: 99%; stability monitored periodically, and no 
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degradation of bulk chemical observed) in their diet for a period of 13 weeks. 
Feed: [feed prepared weekly and stored in dark; analyzed during study for benzyl 
acetate concentrations, stability, and homogeneity; contained low and biologically 
insignificant levels of aflatoxins, pesticides and heavy metals] and water provided 
ad libitum. The feed consumption was recorded daily and the animals were 
weighed weekly. After 11 weeks of treatment haematological and clinical chemical 
(cholesterol and triglycerides) parameters were determined. Pancreatic enzymes 
(amylase, lipase, carboxypetidase, chymotrypsin, and ribonuclease) were determined 
in all treated male and female rats except the 50 000 mg/kg feed group. At 
termination liver peroxisomes morphometry were performed on female rats given 
0, 25 000, or 50 000 mg/kg feed benzyl acetate. Histopathology examinations were 
performed on all control, 25 000 mg/kg feed and 50 000 mg/kg feed rats. 

Nine male and female rats died or were killed moribund in the 50 000 
mg/kg feed group between weeks 2 and 8 of the study. Final mean body weights 
of treated male and female rats were similar to or slightly lower than those of the 
controls. Male rats given 25 000 mg/kg feed showed 10% decreased (p<0.01) 
terminal mean body weight. At the 50 000 mg/kg feed level the body weight of the 
one surviving male and female rats was less than half of the controls. The average 
feed consumption was reduced in 25 000 mg/kg feed male rats and 50 000 mg/kg 
feed male and female rats. Tremor, ataxia, and urine stains were observed in the 
50 000 mg/kg feed group. Serum cholesterol was significantly decreased in females 
in the 12 500 mg/kg feed (p < 0.01), 25 000 mg/kg feed (p < 0.001), and 50 000 
mg/kg feed (only one female rat alive after 11 weeks) groups. No other dose
related effects were seen of the haematological, clinical chemical, or pancreatic 
enzyme parameters in treated rats. The volume, surface, and numerical density of 
hepatic peroxisomes in female rats (25 000 mg/kg feed) were significantly 
(p < 0.001) increased. No differences in organ weights attributive to treatment were 
observed. Histopathological examination of male and female rats receiving 50 000 
mg/kg feed benzyl acetate revealed degeneration and necrosis of neurons and glia 
cells in cerebellum and hippocampus of the brain, renal tubular degeneration, and 
degeneration and sarcolemma nuclear hyperplasia in skeletal thigh muscles. 
Testicular tubular atrophy was seen in a few male rats receiving 12 500 mg/kg feed 
benzyl acetate or more (NTP, 1992). 

2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Mice 

Groups of 60 male and 60 female mice (B6C3F1, average age at initial 
exposure 40 days; 11 days quarantine prior to test) received 0, 330, 1 000, or 3 000 
mg/kg feed (equal to 0, 37, 112, or 346 mg/kg bw/day for males, equal to 0, 42, 
132, or 382 mg/kg bw/day for females) of benzyl acetate (benzyl acetate, properties 
consistent with structure and literature references, purity: 98-9% ; stability monitored 
periodically, and no degradation of bulk chemical observed) in their diet for a 
period of 103 weeks. Interim sacrifice was carried out on 10 mice of each sex from 
all groups after 15 months of exposure. Feed [feed prepared weekly and stored in 
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dark; analyzed during study for benzyl acetate concentrations, stability, and 
homogeneity; contained low and biologically insignificant levels of aflatoxins, 
pesticides and heavy metals] and water provided ad libitum. Feed consumption was 
measured daily per cage for 5 days once every 4 weeks. The animals were weighed 
weekly during the first 13 weeks of the study and every 4 weeks thereafter. 
Haematology and clinical chemistry (cholesterol triglycerides, alkaline phosphatase, 
creatinine kinase, and sorbitol dehydrogenase) were carried out on interim sacrifice 
mice after 15 months. Necropsy and a thorough histopathological examination were 
performed on all animals. Organ weights included brain, right kidney, and liver. 

The survival rate of treated male mice was similar to that of the control 
group, while survival of treated female mice increased with dose, statistically 
significantly (p<0.01) in the 3 000 mg/kg feed group. Almost all deaths occurred 
during the last 9 months of the study. The average feed consumption of treated 
mice was similar to that of the control groups. All treated mice, except 330 mg/kg 
feed females, showed decreased mean body weights compared to those of controls, 
weights were 13% and 9% lower at termination in males and females, respectively 
(statistics not reported). A slight decrease (inconsistent dose-related significance at 
the p < 0.05 level) in cholesterol, triglyceride and (females only) alkaline 
phosphatase levels was observed for treated mice compared to the control groups. 
No dose-related effects were seen in haematology. Statistically significant (p < 0.05 
or lower) dose-related increased incidences and severities of non-neoplastic lesions 
of the nasal mucosa and glands occurred in all treated male and female mice 
compared to the control groups. The nasal lesions consisted of atrophy and 
degeneration, primarily of the olfactory epithelium, cystic hyperplasia of the nasal 
submucosal glands, and exudate and pigmentation of the nasal mucosal epithelium. 
The lesions were most pronounced in male mice and were already present in male 
and female mice at interim sacrifice after 15 months of exposure. No neoplasms 
nor pre-neoplastic dose-related lesions occurred in the nose. A dose-related negative 
trend in the incidence of hepatocellular carcinoma and hepatocellular adenoma, 
statistically significant (p < 0.01) for hepatocellular adenoma in the 3 000 mg/kg 
feed group, occurred in male mice. This effect was not seen in female mice (NTP, 
1992). 

2.2.3.2 Rats 

Groups of 60 male and 60 female rats (F344; average age at initial 
exposure 41 days; 12 days quarantine prior to test) received 0, 3 000, 6 000, or 12 
000 mg/kg feed (equal to 0, 113, 225, and 550 mg/kg bw/day) of benzyl acetate 
(benzyl acetate, properties consistent with structure and literature references, purity: 
98-9%; stability monitored periodically, no degradation of bulk chemical was 
observed) in their diet for a period of 103 weeks. Interim sacrifice was carried out 
on 10 rats of each sex from all groups after 15 months of exposure. Feed [feed 
prepared weekly and stored in dark; analyzed during study for benzyl acetate 
concentrations, stability, and homogeneity; contained low and biologically 
insignificant levels of aflatoxins, pesticides and heavy metals] and water provided 
ad libitum. The feed consumption was measured daily per cage for 5 days once 
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every 4 weeks. The animals were weighed weekly during the first 13 weeks of the 
study and every 4 weeks thereafter. Haematology, clinical chemistry (cholesterol 
triglycerides, alkaline phosphatase, creatinine kinase, and sorbitol dehydrogenase) 
and (in males only) analysis of pancreatic enzymes (amylase, lipase, 
carboxypetidase) were carried out on interim-sacrificed rats after 15 months. 
Necropsy and a thorough histopathological examination were performed on all 
animals. Organ weights included brain, right kidney, and liver. 

No significant differences in the survival rate, average feed consumption, 
clinical findings, clinical chemistry, haematology, pancreatic enzyme assays, or 
incidences of neoplasms and non-neoplastic lesions were observed in treated male 
and female rats compared to those of the controls. The mean body weights of the 
12 000 mg/kg feed males and treated females were approximately 5% lower than 
those of the control groups throughout most of the study (NTP, 1992). 

2.2.8 Special studies on genotoxicity 

Genotoxicity studies with benzyl acetate are summarized in Table 1. 

3. COMMENTS 

At its present meeting, the Committee reviewed data from short-term and 
long-term studies in rats and mice in which benzyl acetate had been incorporated 
into the diet. These studies did not show any increase in the incidence of either 
hepatocellular or forestomach tumours in mice or of pancreatic tumours in rats, 
which had been observed previously in studies with benzyl acetate administered by 
gavage in corn oil. 

The Committee noted a documented association between the use of corn 
oil as a vehicle control and an increased incidence of pancreatic acinar cell 
hyperplasia and adenomas in male rats. In addition, altered incidence of other site
specific neoplasms has been observed after administration of corn oil by gavage (see 
section 2.2.2). 

Considering the use of both modes of administration in long-term studies, 
the Committee concluded that the administration of benzyl acetate in the diet was 
more relevant to its safety assessment as a food additive than administration by 
gavage in corn oil. 

The Committee also reviewed data from new genotoxicity studies. These 
studies showed no evidence of in vivo genotoxicity of benzyl acetate when tested for 
induction of sister chromatid exchange, chromosomal aberrations or micronuclei in 
mouse bone marrow cells. The Committee noted the induction of necrosis of the 
brain involving the cerebellum and/or hippocampus in rats and mice treated with 
very high doses of benzyl acetate (50 000 mg/kg feed) for 13 weeks. No such 
effect was observed in the long-term toxicity/carcinogenicity studies in mice or rats 
at lower doses (3 130-25 000 mg/kg feed). In the long-term toxicity/carcinogenicity 
study mentioned above, of rats administered dietary benzyl acetate at levels up to 
550 mg per kg of body weight per day, no adverse effects were observed. 
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Table I. Results of genotoxicity tests on benzyl acetate 

Test system Test object Concentration of Result Reference 
benzyl acetate 

In vitro Bacterial S. typhimurium 33-10 000 Negative NTP, 1992 
mutagenicity TA1535, l'g/plate 
assay (1) TA1537, TAlOO, 

TA98 

Mammalian cell Mouse 0.25-1.75 1'1/ml Positive (2) NTP, 1992 
mutation assay lymphoma cells (3), 700-1 700 
(1) (TK locus) l'g/ml 

Sister chromatid Chinese hamster 50-5 000 l'g/ml Negative NTP, 1992 
exchange assay ovary(CHO) 
(1) cells 

Chromosomal Chinese hamster 160-1 600 l'g/ml Negative (4) NTP, 1992 
aberration assay ovary(CHO) 
(1) cells 

In vivo Sex- Drosophilia 300 ppm & 20 Negative NTP, 1992 
linked recessive melanogaster 000 ppm (5) 
lethal mutation 
test 

Sister chromatid Mouse bone 312-1 250 Negative NTP, 1992 
exchange test marrow cells mg/kg bw 

Chromosomal Mouse bone 325-1 700 mg/kg Negative NTP, 1992 
aberration test marrow cells bw 

Micronucleus Mouse bone 312-1 250 Negative NTP, 1992 
test marrow cells mg/kg bw 

Micronucleus Mouse peripheral 3130-50 000 Negative NTP, 1992 
test blood ppm 

(1) In presence and absence of metabolic activation 
(2) Laboratory 1: positive only in presence of metabolic activation 

Laboratory 2: positive in presence of metabolic activation, test in absence of metabolic 
activation not conducted 

(3) Concentration unit equivocal, (laboratory 1) 
(4) Negative in presence of metabolic activation. Two out of three trials in a test showed 

P values of Jess than 0.05 in absence of metabolic activation 
(5) Feeding: 300 mg/kg feed, injection: 20 000 ppm 

In the long-term toxicity/carcinogenicity study in mice given 330, 1 000, 
or 3 000 mg benzyl acetate per kg diet (equal to 37, 112, and 345 mg per kg body 
weight per day in males and 42, 132, and 382 mg per kg body weight per day in 
females), dose-related degeneration and atrophy of the olfactory epithelium, cystic 
hyperplasia of the nasal submucosal glands, and pigmentation of the nasalmucosal 
epithelium were observed. The Committee considered the changes of the nasal 
cavity to be a result of local irritant effects of the test compound and not 
toxicologically relevant to the assessment of food safety. 
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At the end of the study, treated male and female mice showed lower mean 
body weights than controls. 

4. EVALUATION 

In the absence of associated pathological lesions in the long-term 
toxicity/carcinogenicity study in mice and on the basis of the NOEL of 550 mg per 
kg of body weight per day in the long-term study in rats, the Committee included 
benzyl acetate in the group ADI of 0-5 mg per kg of body weight with benzyl 
alcohol, benzaldehyde and benzoic acid, and the benzoate salts. 

The Committee noted the absence of reproduction/teratogenicity studies for 
substances in this group, and recommended that a full review of benzoic acid and 
benzoates, benzaldehyde, benzyl alcohol, and benzyl acetate be performed in 1995 
to determine whether these or other studies are required. 

5. REFERENCE 

NTP (1992). NTP (National Toxicology Program) technical report on the toxicology and carcinogenesis 
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431. Board Draft. NIH Publication 92-3162. U.S. Department of Health and Human Services, Public 
Health Service, National Institute of Health. Research Triangle Park, NC, USA. 
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1. EXPLANATION 

2-Ethyl-1-hexanol (EH; also known as 2-ethylhexyl alcohol and 2-
ethylhexanol) has not been reviewed previously by JECFA. 

EH is a colorless liquid with a mild floral odor (Furia and Bellanca, 1975) 
that occurs naturally in food. EH is prepared by petrochemical synthesis and is 
used as a flavoring ingredient in food. Total annual consumption of EH in the 
United States from its natural occurrence in food is reported to be 120 kg (Stofberg 
and Grundschober, 1987); total annual production for use as a flavor additive is 
estimated to be 209 kg (NRC, 1989). Estimated intake in the United States from 
the use of EH as a flavoring ingredient is approximately 0.65 p,g/kg bw/day 
(FEMA, 1993). 

2. BIOLOGICAL DATA 

2 .1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

Two adult male CD-strain rats (300 g) were gavaged with radiolabeled 2-
ethyl-1-14C-hexanol e4C-EH; 1 p,Ci; 8.8 p,g) in cottonseed oil. Two others were 
given the same amount of 14C-EH and cottonseed oil, but also were given 0.1 ml 
(0.64 mmol) of unlabeled EH. Following administration of the test substance, rats 
were housed in metabolism cages with ad libitum access to feed and water; expired 
C02, urine, and faeces were collected every hour for 28 hrs. Most (99.8%) of the 
orally administered radioactivity was accounted for by radioactivity in expired C02, 

urine, faeces, an ethanol wash of the metabolism cage at the end of the experiment, 
heart, brain, liver, kidneys, and "residual carcass." EH was efficiently absorbed 
following oral administration and rapidly excreted in respired C02 (6-7%), urine 
(80-82%), and faeces (8-9%); elimination was essentially complete by 28 hrs. The 
major urinary metabolite of EH in the rat was shown to be 2-ethylhexanoic acid 
through acid extraction of urine. This metabolite can undergo partial B-oxidation 
and decarboxylation to produce 14C02 and 2- and 4-heptanone (in the urine). Other 



2-ETHYL-1-HEXANOL 36 

urinary metabolites of EH were identified as 2-ethyl-5-hydroxyhexanoic acid, 2-
ethyl-5-ketohexanoic acid, and 2-ethyl-1 ,6-hexanedioic acid. Approximately 3% of 
the parent compound was excreted unchanged. 

Rats and other mammals hydrolyze orally ingested DEHP (di-[2-
ethylhexyl]phthalate, a plasticizer in food-contact materials) to EH and MEHP 
(mono-[2-ethylhexyl]phthalate) prior to absorption ofMEHP by the intestine (Albro, 
1975). 

An in vitro dermal absorption study of EH and seven other compounds was 
conducted with full thickness rat skin and human stratum corneum. The ratio of the 
rate of absorption of EH through rat and human skin (rat/human) was reported to 
be 5.8, indicating that rat skin is more permeable to EH than is human skin. 
Damage to skin by dermal application of EH was defined as the ratio of the 
permeability constant for 3H20 after contact with EH to the permeability constant 
for 3H20 before application. Ratios for human skin (1.5 ±0.4 and 3. 7 ±2.1) and rat 
skin (31.9±5.1) indicated that dermal application ofEH damages rat skin more than 
human skin (Barber et al., 1992). 

Excretion balance studies were conducted on female Fischer 344 rats (4 
animals/group) following acute oral doses of 50 or 500 mg/kg bw 14C-EH and 
repeated oral doses of 50 mg/kg bw/day 14C-EH for 14 days; results of acute gavage 
doses of 500 mg/kg bw 14C-EH administered neat and as aqueous suspensions 
containing 5 mg Polyoxyl 35 castor oil/100 ml were compared. Dermal exposures 
to 14C-EH (1 g/kg bw applied dose) for 6 hours and i.v. exposures to 1 mg/kg bw 
14C-EH were also studied. Acute oral doses of 50 or 500 mg/kg bw and repeated 
oral doses of 50 mg/kg bw/day showed similar excretion balance profiles of 14C, 
with some evidence of metabolic saturation at the high dose. No evidence of 
metabolic induction was reported following repeated dosing. All oral doses were 
rapidly eliminated during the first 24 hours after dosing, predominantly in the urine. 
Approximately 5% of the dermal dose was absorbed. A majority of the oral and 
dermal doses were eliminated as glucuronides of oxidized metabolites of EH, 
principally glucuronides of 2-ethyladipic acid, 2-ethylhexanoic acid, 5-hydroxy-2-
ethylhexanoic acid, and 6-hydroxy-2-ethylhexanoic acid. Only trace amounts of 
unchanged EH were eliminated in the urine. Bioavailability of EH orally 
administered with the gavage vehicle was slightly greater than bioavailability of EH 
administered alone (Deisinger et al., 1992). 

2 .1. 2 Biotransformation 

Knaak and coworkers (1966) studied the metabolism of 8 mg 14C-EH in 
rats and 200 mg 14C-EH in rabbits following i.p. injection. The major urinary 
metabolite in rats was 2-ethylhexanoyl glucuronide; EH and 2-ethyl hexanoic acid 
were also identified in rat urine. In rabbits, the major urinary metabolite also was 
2-ethylhexanoyl glucuronide; 2-ethyl-2,3-dihydroxyhexanoic acid and EH were also 
identified in rabbit urine (Knaak et al., 1966). 
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The metabolism, distribution and elimination of 14C-DEHP following oral 
administration to male and female B6C3F1 mice, Fischer 344 rats, and Cynomolgus 
monkeys was investigated. Orally administered DEHP is rapidly hydrolyzed to the 
monoester (MEHP), then the alcohol and acid. The GI tract had appreciable 
amounts of EH, and absorbed 14 C appeared to be primarily EH. The alcohol was 
oxidized by 8-oxidation, w-, and w-1-oxidation generating several major and minor 
products including acids, ketones, ketoacids, hydroxy acids, and diacids (such as 
ethylhexanoic acid [EHA], ethylhexanedioic acid [DiEHA], and 5-
hydroxyethylhexanoic acid [5-0H EHA]). The three species were able to form 
glucuronic acid conjugates of the alcohol oxidation products, but no sulfites were 
detected. However, differences between species were noted: metabolism appeared 
to be less extensive in the monkey (which excreted largely MEHP and EH as their 
glucuronides) than in rodents (which excreted largely products of faster oxidation, 
primarily EHA, 5-0H EHA, and diEHA) (Midwest Research Institute, 1984). 

2.1.3 Effects on enzymes and other biochemical parameters 

Gavage administration of 1 mmol/kg bw/day EH (approximately 130 
mg/kg bw/day) to five male Wistar rats for 14 days was not associated with liver 
peroxisome proliferation (Rhodes et al., 1984). 

However, in another study, administration of 2% EH in the diet 
(approximately 1 000 mg/kg bw/day) to five male Fischer 344 rats for three weeks 
was reported to cause peroxisome proliferation and significant increases in the 
activities of liver catalase and carnitine acetyltransferase (Moody and Reddy, 1978). 

When gavage doses of 0, 100, 320, or 950 mg/kg bw/day EH were 
administered to male and female Fischer 344 rats (5/sex/group) for 21 days, 
significant hepatomegaly at 950 mg/kg bw/day, significant increases in cyanide
insensitive palmitoyl CoA oxidation (a marker for peroxisome proliferation) in 
males (dose-related, 320 and 950 mg/kg bw/day) and females (950 mg/kg bw/day), 
and significant increases in lauric acid hydroxylase activity in males and females at 
950 mg/kg bw/day were shown. As well, electron microscopy showed only a slight 
increase in the number of peroxisomes in hepatocytes of high-dose rats (Hodgson, 
1987). 

Groups of five male and five female Alderley Park rats and mice were 
gavaged with 0, 140, 350, 700, 1050, or 1750 mg/kg bw/day EH for 14 days. Rats 
in the high-dose group exhibited toxic effects (not specified) and died or were killed 
during the course of the study. Dose-related increases in relative liver weights of 
rats and mice were observed; the increases were statistically significant in rats at 
700 and 1050 mg/kg bw/day, in male mice at 700, 1050, and 1750 mg/kg bw/day, 
and in female mice at 1750 mg/kg bw/day. EH administration resulted in a nearly 
linear dose-related induction of peroxisomal 8-oxidation (measured as palmitoyl CoA 
oxidation activities) in both rats and mice, although the dose(s) at which this effect 
was statistically significant were not stated (Keith et al., 1992). 
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Activity of succinic dehydrogenase was increased and activity of lactic 
dehydrogenase was decreased after 12 daily dermal applications of 2 mllkg bw 
undiluted EH to the shaved skin of the rat. In addition, EH-treated rats had 
significantly lower body weights than control rats 17 days after dermal application 
of EH was terminated (Schmidt et al. 1973). 

Microsomal P-450 content increased and glucose-6-phosphatase activity 
decreased in rat liver microsomal pellets following oral administration of EH to the 
intact animal. Administration of EH increased alcohol dehydrogenase activity 
demonstrated histochemically in the centrilobular area of the liver, the number of 
microbodies, the dilatation of the smooth endoplasmic reticulum, and the number 
of microperoxisomes in the hepatocytes of rats (Lake et al., 1975). 

Concentrations of EH ranging from 2.5-15 mM significantly inhibited the 
activities of rat liver aminopyrine N-demethylase (approximately 60% inhibition at 
15 mM EH) and aniline hydroxylase (approximately 50% inhibition at 15 mM EH) 
in vitro (Seth, 1982). 

Rhodes and coworkers (1984) reported that 0.1 or 0.5 mM EH did not 
induce palmitoyl CoA oxidase activity (a marker for peroxisome proliferation) in 
rat hepatocytes in vitro (Rhodes et al., 1984). 

The activity of carnitine acetyltransferase (a peroxisomal enzyme) in rat 
liver cells in vitro was significantly induced (approximately 9X level in untreated 
cultures) by 1mM EH but not by 0.2 mM EH (Gray et al., (1982). 

In an in vitro test system using viable plugs from periportal or pericentral 
regions of rat liver, Liang and coworkers (1991) demonstrated that incubation of 
these plugs with EH (0.1 to 3 mM) decreased urea synthesis in a dose-related 
manner (up to 80% inhibition at 800 11M 02) and caused extensive cell damage 
(assessed by lactate dehydrogenase leakage) Liang et al., 1991). 

2. 2 Toxicological Studies 

2.2.1 Acute toxicity studies 

Results of acute toxicity studies with EH are summarized in Table 1. 

Rabbits given 0, 0.2, 0.4, 0.6, 0.8, 1.6 or 3.2 x 10-5 mol/kg EH (0.26 to 
4.16 mg/kg bw i. v .) had dose-related increases in heart rate and frequency of 
respiration. However, when EH was administered to dogs (doses reported as 4.05 
and 8.10 mol/kg i. v.), no compound-related hypotensive effects were seen. Finally, 
when rabbits and rats were given acute iv doses of EH (doses not provided), direct 
toxic damage to the heart and smooth muscle elements of the blood vessels was 
observed (Hollenbach et al., 1972). 
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Table 1: Summary of Acute Toxicity Studies with EH 

Species Route LD50 (mg/kg bw) Reference 

Rat Oral 2053 (2.46 mL!kg) Smyth et al. , 1969 

Rat Oral 37301 Scala and Burtis, 1973 

Rat Oral 3 250 Albro, 1975 

Rat Oral 3200- 6400 Treon, 1963 

Rat Oral 3200 NIOSH, 1976 

Rat LP. 650 Treon, 1963 

Mice LP. 780 Treon, 1963 

Rat LV. 1670 Mashkina, 1966 

Mice LV. 1670 Mashkina, 1966 

Rabbit Dermal 1986 (2.38 mL!kg)2 Smyth et al., 1969 

Rabbit Dermal >26003 Scala and Burtis, 1973 

Guinea pig Dermal > 8300 ( > 10 mL/kg) Treon, 1963 

LC50 

Mice Inhal. > 227 ppm (6 hr)4 Scala and Burtis, 1973 

Rat Inhal. >227 ppm (6 hr)4 Scala and Burtis, 1973 

Guinea pig Inhal. >227 ppm (6 hr)4 Scala and Burtis, 1973 

Rat Inhal. saturated vapors (8 hr) Smyth et al., 1969 

Rat Inhal. >235 ppm Treon, 1963 

(1) Gastrointestinal irritation was reported in rats after oral administration of EH undiluted or in 
corn oil. 

(2) Mild dermal irritation (3 on a scale of 0 [no irritation] to 10) was reported when EH was 
applied to the uncovered rabbit belly and moderate corneal injury in rabbits when undiluted 
EH was instilled in the eye (5 on a scale of 0 [no injury] to 10). 

(3) Moderate skin irritation was reported in rabbits following dermal application of EH and 
severe eye irritation with persistent, wide-spread corneal opacity when 0.1 ml undiluted EH 
was applied to the conjunctival sac. 

(4) Mice, rats and guinea pigs (10 each) were exposed for 6 hours to 227 ppm EH, then observed 
for 24 hours before necropsy. No deaths occurred during exposure or observation. All 
animals exposed to EH exhibited central nervous system depression and labored breathing and 
one guinea pig had a clonic convulsion. During exposure, mucous membranes of the eyes, 
nose, throat, and respiratory passages of animals exposed to EH were irritated, but animals 
recovered within one hour after exposure was terminated. Gross necropsy revealed areas of 
slight haemorrhage in animals exposed to EH. 
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2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

Doses of 0, 100, 330, 1 000, or 1 500 mg 2-ethyl-1-hexanol/kg bw/day 
were administered by gavage for 11 days (9 administrations) to groups of 10 male 
and 10 female C3B6F1 mice. Effects clearly related to administration of the test 
substance occurred in male and female mice receiving 330, 1 000, or 1 500 mg/kg 
bw/day. One male mouse receiving 330 mg/kg bw/day for 11 days showed ataxic 
gait and piloerection following the administration of the 8th dose, but these 
symptoms were reported to have disappeared by the next day. Two male and two 
female mice receiving 330 mg/kg bw/day were reported to have acanthosis in the 
mucous membrane of the forestomach that was usually associated with 
hyperkeratosis and was once associated with focal inflammatory oedema in the 
submucosa. 

One female mouse receiving 1 000 mg 2-ethyl-1-hexanol/kg bw/day 
showed abdominal position and loss of consciousness; the mouse died later the same 
day; microscopic examination revealed tubular dilatation in the renal cortex and 
centrilobular fatty infiltration in the liver of this mouse. Also the following 
significant effects were reported to be associated with administration of 1 000 mg/kg 
bw/day for 11 days: 1) increased absolute stomach weights in males and females; 
2) increased liver-to-bw ratio for males; 3) increased stomach-to-bw ratio for 
females; 4) foci in the forestomach of 3 males and 2 females; 5) hyperkeratosis and 
focal or multifocal acanthosis and inflammatory oedema in the submucosa of the 
forestomach of males and females, including focal or multifocal ulceration of the 
mucous membrane of a few males and females; and 6) hypertrophy of hepatocytes 
in one male and one female. 

Males (9/10) and females (6/10) receiving 1 500 mg 2-ethyl-1-hexanol/kg 
bw/day for 11 days had clinical signs such as ataxia and lethargy, some animals also 
had piloerection, and a few animals showed abdominal or lateral position and loss 
of consciousness; one male and four females died during the study. Microscopic 
evaluation showed tubular dilatation and nephrosis in the renal cortices of males and 
females that died intercurrently, and centrilobular fatty infiltration in the liver of 
females that died intercurrently. The following statistically significant effects were 
reported, associated with administration of 1 500 mg 2-ethyl-1-hexanol/kg bw/day: 
1) increased absolute liver and stomach weights in males and females; 2) increased 
organ-to-bw ratios for stomach and liver in males and females; 3) increased organ
to-brain weight ratios for stomach and liver in males and females; 4) foci in the 
forestomach of 7/10 males and 5/10 females; 5) hyperkeratosis and focal or 
multi focal acanthosis and inflammatory oedema in the submucosa of the forestomach 
of most males and females, including focal or multifocal ulceration of the mucous 
membrane in a few males and females; 6) hypertrophy of hepatocytes in the liver 
of males and females, including focal necrosis of liver cells in one male and one 
female; and 7) bilateral tubular giant cells in the testicular tubules of two males 
(BASF, 1992b). 
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Doses of 0, 25, 125, 250, or 500 mg 2-ethyl-1-hexanol/kg bw/day were 
administered by gavage to groups of 10 male and 10 female B6C3F1 mice for 3 
months. Animals in the 250 and 500 mg/kg bw/day groups showed toxic effects 
related to administration of the test compound. For male mice receiving 250 mg/kg 
bw/day, statistically significant increased stomach-to-bw ratio was observed. 
Statistically significant effects observed in animals receiving 500 mg 2-ethyl-1-
hexanol/kg bw/day included: a) increased stomach-to-bw ratio in males and 2) slight 
focal or multifocal acanthosis in the mucosa of the forestomach of 2/10 males and 
1/10 female (BASF, 1992b). 

2.2.2.2 Rats 

Doses of 0, 100, 330, 1 000, or 1 500 mg 2-ethyl-1-hexanol/kg bw/day 
were administered by gavage for 11 days (9 applications) to groups of 10 male and 
10 female Fischer 344 rats. Clear toxic effects occurred in the male and female rats 
receiving 330, 1 000, or 1 500 mg/kg bw/day. 

Female rats receiving 330 mg/kg bw/day for 11 days had increased kidney
to-bw ratios, but not increased absolute kidney weights or kidney-to-brain weight 
ratios. Microscopic findings included inflammatory oedema in the forestomach of 
one female rat and decreased thymus size (microscopic examination) in 1 female and 
2 male rats. 

Male and female rats receiving 1 000 mg 2-ethyl-1-hexanol/kg bw/day had 
reduced feed consumption, body weight, and body weight gain compared to control 
rats. Some rats in this dose group showed ataxia and apathy; a single rat showed 
piloerection and the genital region of one rat was smeared with urine. The 
following statistically significant effects were also reported to be associated with 
administration of 1 000 mg/kg bw/day for 11 days: a) serum cholesterol and 
reticulocytes in rats of both sexes were reduced; b) absolute spleen weights of rats 
of both sexes were reduced; c) absolute liver weights of male and female rats were 
increased; d) organ-to-bw ratios for stomach, liver and kidneys were increased for 
male and female rats; e) brain-to-bw ratio was increased in female rats; f) spleen-to
bw ratios were reduced in male and female rats; g) liver-to-brain weight ratios were 
increased in male and female rats; h) spleen-to-brain weight ratios were decreased 
in male and female rats; i) foci were reported in the forestomachs of 2 males; j) 
hyperkeratosis and focal or multifocal acanthosis in the mucous membrane of the 
forestomach of most male and female rats, as well as epithelial degeneration, 
ulceration and subcutaneous inflammatory oedema; k) parenchymal involution of 
lymphoreticular tissue in the spleens of 5 female rats; 1) decreased thymus size in 
2 males and 5 females (microscopic evaluation); 1) lymphocyte depletion in the 
thymus of 5 females and lymphocyte necrosis in the thymus of 4 females. 

Male and female rats receiving 1 500 mg 2-ethyl-1-hexanol/kg bw/day 
showed reduced feed consumption, body weight, and body weight gain compared 
to control rats. All animals in the dose group demonstrated ataxia and lethargy, 
some animals showed abdominal or lateral position and appeared to be unconscious, 
almost all animals had piloerection, and a few rats had genital regions smeared with 
urine. The following statistically significant effects were also reported to be 
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associated with administration of 1500 mg 2-ethyl-1-hexanol/kg bw/day: a) reduced 
serum cholesterol, glucose, and reticulocytes in male and female rats; b) increased 
serum alanine aminotransferase in male rats; c) decreased absolute spleen, brain, 
and adrenal weights and increased absolute liver and stomach weights in male and 
female rats; d) increased organ-to-body weight ratios for stomach, liver, kidney, and 
brain in male and female rats, decreased spleen-to-bw ratios for male and female 
rats, increased adrenal-to-bw ratio for male rats, and increased lung-to-bw ratio for 
female rats; e) increased organ-to-brain weight ratios for liver and stomach in rats 
of both sexes, decreased spleen-to-brain weight ratio for male and female rats, and 
decreased adrenal-to-brain weight ratio in female rats. 

Foci were reported in the forestomach of 4 male and 7 female rats dosed 
with 1 500 mg 2-ethyl-1-hexanol/kg bw/day. Microscopic findings at this dose level 
were reported to include: a) hyperkeratosis and focal or multifocal acanthosis in the 
mucous membrane of the forestomach of all male and female rats, as well as 
epithelial degeneration, ulceration, and subcutaneous inflammatory oedema in some 
animals; b) slight hypertrophy of hepatocytes in the liver of 8 males and 8 females; 
c) focal hepatocellular necrosis in 1 female and 2 male rats; d) parenchymal 
involution of lymphoreticular tissue in the spleen of 9 male and 9 female rats; e) 
decreased thymus size in 10 male and 9 female rats; and f) lymphocyte depletion 
in the thymus of 9 male and 8 female rats and lymphocyte necrosis in the thymus 
of 1 male and 6 female rats (BASF, 1992a). 

Doses of 0, 25, 125, 250, or 500 mg 2-ethyl-1-hexanol/kg bw/day were 
administered by gavage to groups of 10 male and 10 female Fischer 344 rats for 3 
months. Animals in the 250 and 500 mg/kg bw/day groups showed toxic effects. 
For animals receiving 250 mg/kg bw/day, statistically significant effects were 
reported to include: a) decreased serum alkaline phosphatase and glucose in male 
rats and decreased serum alanine aminotransferase in female rats; b) increased liver
to-bw ratios in male and female rats and increased stomach-to-bw ratio in female 
rats; and c) decreased fat deposition of the liver cells of male rats. 

Statistically significant effects observed in animals receiving 500 mg 2-
ethyl-1-hexanol/kg bw/day included: a) decreased body weight and body weight gain 
in male and female rats; b) decreased serum alanine aminotransferase, glucose, and 
cholesterol in male and female rats, increased reticulocytes in male and female rats, 
decreased serum alkaline phosphatase in male rats, and increased serum protein and 
albumin in male rats; c) increased absolute liver weights in male and female rats and 
increased absolute stomach weights in female rats; d) increased organ-to-body 
weight ratios for liver and stomach in male and female rats; and e) increased organ
to-brain weight ratios for liver and stomach in male and female rats. 

Slightly elevated single or multiple foci were observed in the mucosa of 
the forestomach of male and female rats receiving 500 mg/kg bw/day. Macroscopic 
findings at this dose level were reported to include: a) focal or multifocal 
achanthosis in the mucosa of the forestomach of 1 male and 5 female rats; b) 
acanthosis of the whole mucosa, ballooning degeneration of the epithelia, and 
inflammatory oedema in the submucosa of 1 male rat; and c) decreased fat 
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deposition in the liver and fewer animals with fatty infiltration of the lobular 
periphery of the liver compared to vehicle-control rats (BASF, 1992a). 

Five male Wistar-derived rats were administered 1 mmol/kg/day 
(approximately 130 mg/kg bw/day) EH dissolved in polyethylene glycol 300 (10 
mllkg/day) by gavage for 14 days; 10 control rats were administered the gavage 
vehicle alone. At the end of the treatment period, rats were killed and blood was 
withdrawn for analysis of plasma cholesterol and triglyceride levels; livers and testis 
were weighed, liver samples were taken for light and electron microscopy, and the 
remaining liver was homogenized for determination of total catalase and eN
insensitive palmitoyl CoA oxidation. No major pathological signs of hepatotoxicity 
were observed, although slight centrilobular hypertrophy (controls: 4/10 rats; EH
treated: 2/5), slight/moderate glycogen vacuolization (controls: 9/10; EH-treated: 
5/5), and slight/moderate centrilobular "fat" vacuolation (controls: 9/10; EH-treated: 
1/5) were reported in control and EH-treated rats. Administration of EH had no 
significant effect on body weight gain, liver-to-body-weight ratio, testis-to-body
weight ratio, number of peroxisomes/504 11m2 liver, serum catalase activity, serum 
cholesterol, or serum triglycerides. In addition, 0.1 mM EH had no effect on acyl 
CoA oxidase activity after 72 hrs in in vitro culture with rat hepatocytes (Rhodes 
et al., 1984). 

Gavage administration of 1335 mg/kg bw/day EH in com oil to 6 male 
Wistar albino rats for 7 days resulted in significantly increased liver-to-body-weight 
ratio (control: 3.5±0.1 g/100 g bw; EH-treated: 4.9±0.1 [p<0.001]), decreased 
glucose-6-phosphatase activity (control: 24±2 Jlglminlmg microsomal protein; EH
treated: 15 ± 1 [p < 0.01]), increased biphenyl 4-hydroxylase activity (control: 
1.6±0.1 11mol/hr/g liver; EH-treated: 2.1±0.1 [p<0.01]), and increased 
microsomal cytochrome P-450 content (control: 0.07 ±0.003 delta-E 450-500 
nm/mg microsomal protein; EH-treated: 0.1 ±0.004 [p < 0.001]) (Lake et al. 1975). 

2. 2. 3 Long-term toxicity I carcinogenicity studies 

2.2.3.1 Mice 

2-ethyl-1-hexanol (0, 50, 200, or 750 mg/kg bw/day) was administered by 
gavage to groups of 50 male and 50 female B6C3F1 mice five days per week for a 
period of 18 months. The purity of the test substance was reported to be greater 
than 99.87%. The gavage vehicle was doubly distilled water containing 5 mg 
Polyoxyl 35 castor oil per 100 ml. An additional control group of 50 male and 50 
female rats was gavaged with double distilled water only. All rats received 10 
mllkg bw test substance emulsion, vehicle or double distilled water per dose. 

The method of preparing test substance emulsions was changed after 6 
months of dosing because homogeneity analyses of emulsions showed considerable 
variation, ranging from approximately 70% to 140% of target concentrations. 
However, variability in dosing during the early part of the study did not 
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significantly affect the outcome of the study because of the "clear biological 
distinction between dose levels during treatment. " 

Mice were housed singly and feed and water were available ad libitum 
throughout the study. At the initiation of dosing, mice were 49 days old; mean 
body weight of males was 23 g (range 21-26 g) and mean body weight of females 
was 19 g (range 17-23 g). At the end of the study, non-fasted mice were 
decapitated under C02 anaesthesia. 

The general health of the test animals was checked daily, and test animals 
were examined and palpated once a week. Mice were weighed weekly during the 
first 13 weeks, then every four weeks for the duration of the study. Feed 
consumption was determined for a period of one week every four weeks during the 
study. Blood samples were drawn from the tail vein of all surviving animals for 
haematological examination at 12 months and at the end of the study. Animals that 
survived to the end of the study were necropsied; tissues and organs were subjected 
to gross and microscopic pathology examination. 

No EH-related changes were observed in mice administered 50 or 200 
mg/kg bw/day EH for 18 months. In mice administered 750 mg/kg bw/day, the 
following effects were observed: 1) decreased body weight gain in males 
(approximately 26%) and females (24%) that was associated with a substantial 
reduction in feed consumption (males: decreased from about 9% to 20%; females: 
decreased from about 9% to 30%); 2) increased mortality in males (vehicle controls: 
4%; EH-treated: 30%) and females (vehicle controls: 8%; EH-treated: 30%); 3) 
treatment-related haematological changes, including slightly increased 
polymorphonuclear neutrophils in males and females (males: controls--19.8±5.9% 
[12 rna] and 20.5±7.6% [18 rna]; 750 mg/kg bw/day--26.4±9.1% [12 rna] and 
26.9±13.5% [18mo])(females: controls--20.6±5.6% [12mo] and22.6±10.7% [18 
rna]; 750 mg/kg bw/day--24.2±5.4 [12 rna] and 25.1±9% [18 rna]) and slightly 
decreased lymphocytes in males and females (males: controls--77 ±6. 9% [12 rna] 
and 76.6±7.6% [18 rna]; 750 mg/kg bw/day--69.1 ±9% [12 rna] and 70.6± 13.2% 
[18 rna]); and 4) treatment-related, but not statistically significant, increased focal 
hyperplasia of the epithelium of the forestomach in males (controls--1150; 50 mg/kg 
bw/day--1150; 200 mg/kg bw/day--1150; 750 mg/kg bw/day--5/50) and females 
(controls--1150; 50 mg/kg bw/day--1/50; 200 mg/kg bw/day--0/50; 750 mg/kg 
bw/day--4/50). Also, a slight increase in the incidence of hepatocellular carcinomas 
in high-dose females was statistically significant when compared to the incidence in 
vehicle control females but not when compared to the incidence in water-gavaged 
control females (vehicle control--0/50; 50 mg/kg bw/day--1/50; 200 mg/kg bw/day--
3/50; 750 mg/kg bw/day--5/50). No statistically significant increase in tumour 
incidence occurred in male mice. EH is not oncogenic in the mouse under the 
conditions of this study (BASF, 1992b). 

In a satellite study to the carcinogenicity study in mice cited above as 
BASF, 1992b, EH was administered by gavage (vehicle: distilled water containing 
5 mg Polyoxyl 35 castor oil per 100 ml) to two groups of male and female B6C3F1 

mice at 750 mg/kg bw/day. A control group of 10 males and 10 females was 
gavaged with the vehicle only for 13 months; a second (non-recovery) group of 10 
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males and 10 females was gavaged with EH for 13 months, 5 days/week; a third 
(recovery) group of 50 males and 50 females was gavaged with EH for 13 months, 
5 days/week, then gavaged with the vehicle only for 5 months, 5 days/week. Mice 
were killed at the end of the treatment periods--13 months for groups one and two; 
18 months for group three--and subjected to gross pathological assessment. The 
general health of the test animals was checked daily, and animals were examined 
and palpated once a week. Body weights were determined once a week during the 
first 13 weeks of the study, then once every four weeks. Feed consumption was 
determined one week in every four weeks throughout the study. Microscopic 
examination of tissues and organs was performed only on mice that died during the 
study. 

Administration of 750 mg/kg bw/day EH to male and female mice for 13 
months caused increased mortality in males and females (males: control--0%, non
recovery--30%, recovery--22% during the first 13 months; females: control--0%, 
non-recovery--20%, recovery--16% during the first 13 months). For the non
recovery mice and recovery mice during treatment with EH, feed consumption was 
significantly decreased compared to control mice (at 13 months, males: control--
4.7±0.4 g/day, non-recovery--3.7±0.5 g/day, recovery--4.4±0.6 g/day; females: 
control--6.0±1.3 g/day, non-recovery--5.6±1.5 g/day, recovery--5.8±1.0 g/day); 
following the 5 month recovery period, feed consumption for mice in the recovery 
group was in the same range as feed consumption for control mice (males: control--
4.8±0.9 g/day, recovery--4.9±0.8 g/day; females: control--6.3±1.3 g/day, 
recovery--5.9±1.1 g/day). For the non-recovery mice and recovery mice during 
treatment with EH, body weight gain was significantly decreased (at 13 months, 
males: control--40.9±2.7 g, non-recovery--36.7±2.8 g, recovery--38.7±3.2 g; 
females: control--38.7±5.4 g, non-recovery--33.8±4.4 g, recovery--34.9±4.8 g); 
following the 5 month recovery period, body weight gain of female mice that had 
been gavaged with EH for 13 weeks was still significantly decreased compared to 
control mice (males: control--42. 7 ±3.5 g, recovery--42.4±3.6 g; females: control--
41.1 ±5.6 g, recovery--36.9±5.1 g). Some statistically significant changes in organ 
weights and masses or foci in liver and stomach were observed to be associated with 
EH administration; these were similar to changes noted in the results of the 
carcinogenicity study (BASF, 1992d). 

2.2.3.2 Rats 

2-ethyl-1-hexanol (0, 50, 100, or 150 mg/kg bw/day) was administered by 
gavage to groups of 50 male and 50 female Fischer 344 rats five days/week for a 
period of 24 months. The purity of the test substance was reported to be greater 
than 99.3%. The gavage vehicle was doubly distilled water containing 5 mg 
Polyoxyl 35 castor oil per 100 mi. An additional control group of 50 male and 50 
female rats was gavaged with double distilled water only. All rats received 10 
ml!kg bw/day test substance emulsion, vehicle or double distilled water per dose. 

The method of preparing test substance emulsions was changed after 6 
months of dosing because homogeneity analyses of emulsions showed considerable 
variation, ranging from approximately 70% to 140% of target concentrations. 
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However, the report concluded that variability in dosing during the early part of the 
study did not significantly affect the outcome of the study because of the "clear 
biological distinction between dose levels during treatment." 

Rats were housed singly and food and water were available ad libitum 
throughout the study. At the initiation of dosing, rats were 42 days old; mean body 
weight of males was 103 g (range 86-128 g) and mean body weight of females was 
81 g (range 64-95 g). At the end of the study, non-fasted rats were decapitated 
under C02 anaesthesia. 

The general health of the test animals was checked daily, and test animals 
were examined and palpated once a week. Rats were weighed weekly during the 
first 13 weeks, then every four weeks for the duration of the study. Feed 
consumption was determined for a period of one week every four weeks during the 
study. Blood samples were drawn from a tail vein of all surviving animals for 
haematological examination at 12 and 18 months and at the end of the study. At the 
end of the study, surviving animals were necropsied; tissues and organs were 
subjected to gross and microscopic pathology examination. 

No compound-related changes were associated with administration of 50 
mg/kg bw/day for 24 months; however, body weights and body-weight gains ofrats 
receiving 50, 150, or 500 mg 2-ethyl-1-hexanollkg bw/day were decreased in a 
statistically significant dose-dependent manner compared to vehicle control rats. At 
the end of the study, body weights were about 5%, 11%, and 23% below control 
values and body weight gains were about 8%, 16%, and 33% below control values, 
respectively. Feed consumption of male and female rats receiving 500 mg/kg 
bw/day showed occasional statistically significant decreases compared to both 
control groups of rats, but no dose-response relationship was observed. 

An EH-associated increase in mortality was observed for female mice of 
the high-dose group only (males: vehicle controls--34%, 50 mg/kg bw/day--46%, 
150mg/kgbw/day--32%, 500mg/kgbw/day--38%; females: vehiclecontrols--28%, 
50 mg/kg bw/day--28%, 150 mg/kg bw/day--26%, 500 mg/kg bw/day--52%). 

For rats receiving 100 mg/kg bw/day, the study reported a) statistically 
significant reductions in body weight (males: 11 %; females: 9%) and body weight 
gain (males: 16%; females: 12%) compared to vehicle control rats and b) slightly 
increased numbers of animals with clinical symptoms and incidences of symptoms 
(frequency/animals) such as poor general condition (100 mg/kg bw/day: males--
69/15; vehicle control: males--62/12), labored breathing (100 mg/kg bw/day: males
-4/1, females--30/5; vehicle control: males--2/1, females--9/3), piloerection (100 
mg/kg bw/day: males--17/1; vehicle control: males--0/0), and genital regions 
smeared with urine (100 mg/kg bw/day: females--31/4; vehicle controls: females--
0/0). Feed consumption of male and female rats receiving 150 mg/kg bw/day 
showed occasional statistically significant decreases compared to both control groups 
of rats, but no dose-response relationship was observed. 

The following treatment-related changes were observed in rats dosed with 
500 mg/kg bw/day 2-ethyl-1-hexanol for 24 months: a) statistically significant 
reductions in body weight gain for males (3 3 %) and females (31 %) ; b) increased 
incidences of male and female rats with clinical symptoms (frequency/animals) such 
as poor general condition (500 mg/kg bw/day: males--200/14, females--248/21; 
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vehicle control: males--62112, females--34/8), labored breathing (500 mg/kg 
bw/day: males--41/4, females--75/12; vehicle control: males--2/1, females--9/3), 
piloerection ( 500 mg/kg bw I day: males--67/2, females--2115; vehicle control: males
-0/0, females--2/1), and/or genital region smeared with urine (500 mg/kg bw/day: 
males--13/1, females--502/21; vehicle control: males--0/0, females--44/6); and c) 
statistically significant increased mortality in dosed females as reflected in the 
number of animals that died or were sacrificed in a moribund condition during the 
study (52%) compared with vehicle control females (28%). 

Male rats dosed with 500 mg/kg bw/day had slightly increased 
anisocytosis, predominantly microcytosis at 12 months, but not at 18 nor 24 months, 
compared to vehicle control males. No malignant tumours were detected in high
dose animals that died before scheduled termination and the sum of primary 
tumours, benign tumours and malignant tumours was remarkably lower in the high
dose group compared to both control groups of rats. Thus, 2-ethyl-1-hexanol was 
not oncogenic in the rat under conditions of this assay (BASF, 1992a). 

In a satellite study to the BASF carcinogenicity study in rats cited above 
as BASF 1992a, EH was administered by gavage (vehicle: distilled water containing 
5 mg Polyoxyl 35 castor oil per 100 ml) to two groups of male and female Fischer 
344 rats at 500 mg/kg bw/day. A control group of 10 males and 10 females was 
gavaged with the vehicle only for 18 months; a second (non-recovery) group of 10 
males and 10 females was gavaged with EH for 18 months, 5 days/week; a third 
(recovery) group of 50 males and 50 females was gavaged with EH for 18 months, 
5 days/week, then gavaged with the vehicle only for 6 months, 5 days/week. Rats 
were killed at the end of the treatment periods--18 months for groups one and two; 
24 months for group three--and subjected to gross pathological assessment. The 
general health of the test animals was checked daily, and animals were examined 
and palpated once a week. Body weights were determined once a week during the 
first 13 weeks of the study, then once every four weeks. Feed consumption was 
determined one week in every four weeks throughout the study. Microscopic 
examination of tissues and organs was performed only on rats that died during the 
study. 

Administration of 500 mg/kg bw/day EH to male and female rats for 18 
months caused slightly increased mortality in females (control--20%, non-recovery--
40%, recovery--34% during the first 18 months) and decreased feed consumption 
in males (maximum decrease of approximately 12 %). For the non-recovery rats and 
recovery rats during treatment with EH, body weight gain was significantly 
decreased (at 18 months, males: control--298. 7 ± 19.6 g, non-recovery--215.4±21.3 
g, recovery--211.2±22.4 g; females: control--149.9±19.8 g, non-recovery--
128.7±21.7 g, recovery--128.5±18.3 g); following the 6 month recovery period, 
body weight gains of males and females that had been gavaged with EH for 18 
weeks had partially recovered but were still significantly decreased compared to 
controls (males: control--266.5 ±30. 7 g, recovery--216.1 ±23 .0 g; females: control--
177.5±27.0 g, recovery--150.6±21.5 g). 

The following changes were observed in rats that had been gavaged with 
500 mg/kg bw/day EH for 18 months compared to control rats: 1) a greater number 
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of animals and/or a higher incidence of clinical symptoms such as poor general 
condition, labored breathing, and genital region smeared with urine in males and 
females; 2) statistically significant decreases in the absolute weights of brain (males 
and females) and stomach (males); 3) statistically significant decreases in organ-to
body weight ratios of brain (males and females), liver (males and females), kidneys 
(males and females), stomach (males and females), and testes (BASF, 1992c). 

2.2.4 Reproduction studies 

The response of mixed cultures of Sertoli and germ cells prepared from 
Sprague-Dawley rat testes to model testicular toxicants was studied. After 
incubation of the cultures with 2 x 104 M EH for 24 hrs, no increase was observed 
in the normal rate of germ cell detachment from Sertoli cells into the culture 
medium (Gray and Beamand 1984). 

Effects of EH on rat testes were examined in vivo and in vitro. No 
testicular damage was observed in male Sprague-Dawley rats given oral doses of 2. 7 
mmol EH/kg bw/day for 5 days and incubation with EH (0-1 000 ttM for 24 or 48 
hours) did not enhance detachment of germ cells from primary mixed cultures of rat 
Sertoli and germ cells (Sjoberg et al., 1986). 

EH did not increase lactate and pyruvate concentrations in the medium of 
in vitro cultures of rat Sertoli cells. Such increases are considered to be sensitive 
indicators of altered Sertoli cells function associated with Sertoli-cell toxicants 
(Williams & Foster 1988). 

2.2.5 Special studies on developmental toxicity and teratogenicity 

2.2.5.1 Mice 

Pregnant CD-1 mice were gavaged on gestation days 6-13 with 1525 mg/kg 
bw/day EH in corn oil; control mice were gavaged with corn oil; dams were 
allowed to litter. Administration of EH caused statistically significant (p < 0. 05) 
decreased maternal body weight gain (control: 7.0±2.5 g; EH: 3.9±3.2 g), 
decreased number of viable litters (control: 33/34; EH: 11/20), decreased liveborn 
per litter (control: 9.9±2.4; EH: 6.8±3.4), decreased percentage survival of pups 
(control: 98.2±8.8; EH: 73.4±32.2), and decreased birth weight (control: 1.6±0.1 
g/pup; EH: 1.4±0.2 g/pup) and weight gain for pups (control: 0.6±0.1 g/pup; EH: 
0.3 ±0.2 g/pup) (Hardin et al., 1987). 

2.2.5.2 Rats 

Pregnant Wistar rats were administered undiluted di(2-ethylhexyl) phthalate 
(DEHP; 12.5 or 25 mmol/kg bw), EH (6.25 or 12.5 mmol!kg bw, approximately 
equivalent to 800 and 1600 mg/kg bw), or 2-ethylhexanoic acid (EA; 6.25 or 12.5 
mmol/kg bw) by gavage on day 12 of gestation. Control rats were not gavaged 
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(untreated controls). Caffeine (150 mg/kg) was dissolved in water and injected i.p. 
in some pregnant rats of each group. Rats were killed on day 20 of gestation; 
following Caesarean section, implantation sites were determined in situ and the 
number of dead or resorbed fetuses was determined. Live fetuses were removed 
and examined; internal and external soft tissue and skeletal malformations were 
recorded. At least seven litters for each experimental condition were analyzed. 

Administration of each test compound resulted in statistically significant, 
dose-related increases in malformed live fetuses (DEHP: 12.5 mmollkg bw [7 
litters]--4.5±4.5%, 25 mmollkg bw [7litters]--20.8±7.3%; EH: 6.25 mmol/kg bw 
[7 litters]--2.0±1.3%, 12.5 mmol/kg bw [7 litters]--22.2±14.7%; EA: 6.25 
mmol!kg bw [7 litters]--0.8±0.8%; 12.5 mmollkg bw [10 litters]--67.8±10.9%) 
compared to controls (no malformed live fetuses in 7 litters). Defects in fetuses 
following treatment with EH included hydronephrosis (7.8% of live fetuses), tail 
defects (4.9% of live fetuses), limb defects (9. 7% of live fetuses), and other defects 
(1.0% of live fetuses). For each test compound, caffeine was reported to potentiate 
(increase) the percent of malformed live fetuses. However, administration of test 
compounds did not significantly affect the percentage of dead and resorbed fetuses 
compared to controls. No maternal effects associated with the test compounds were 
reported. These results are consistent with the hypothesis that the proximal 
teratogen for DEHP is EA, the metabolic product of EH (Ritter et al., 1986 and 
1987). 

The developmental toxicity of dermally applied EH was studied in Fischer 
344 rats; results of a dose range-finding study for the developmental toxicity study 
were also included. In the dose range-finding study 0, 420, 840, 1680, or 2520 
mg/kg bw/day EH (undiluted) was applied to the clipped dorsal skin of pregnant 
F344 rats (8 rats/group); a positive dermal control group (2-methoxyethanol) and 
a sham-treated (deionized water) dermal control group were included in the study. 
In the developmental toxicity study, 0, 252, 840, or 2520 mg/kg bw/day EH 
(undiluted) was applied to the clipped dorsal skin of pregnant F344 rats (25/group); 
a positive dermal control group (2-methoxyethanol) and a sham-treated (deionized 
water) dermal control group also were included in this study. 

Body weights were recorded on gestation days 0, 6, 9, 12, 15, and 21; 
feed consumption was estimated for 3-day intervals from gestation days 0-21. Skin 
irritation was measured before and after each 6-hr application period. Surviving 
females were killed on gestation day 21; uterine and liver weights (both studies) and 
weights of spleen, adrenals, kidneys, and thymus (developmental toxicity study) 
were recorded. Corpora lutea and uterine implantation sites were counted; ovaries, 
cervices, vaginas, and abdominal and thoracic cavities were examined grossly. All 
live and dead fetuses and resorption sites were noted. Live fetuses were sexed, 
weighed, and examined for external, visceral, and skeletal malformations and 
variations. 

All pregnant females treated with EH survived. Clinical findings for EH
treated pregnant rats were limited to body weight changes, skin irritation, and nasal 
and ocular effects. Decreased body weight gain was observed in the dose range
finding study for gestation days 6-15 at doses of 1 680 (10.1 ± 7.1 g) and 2 520 
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mg/kg bw/day EH (10.7±4.8 g) compared to sham-treated control rats (18.9±6.4 
g). In the main study, weight gain was statistically significantly decreased for 
gestation days 6-9 at 2 520 mg/kg bw/day EH (0.1 ±2.4 g) compared to sham
treated controls (3.3 ± 1.2 g), and was somewhat, but not statistically significantly, 
decreased at 840 mg/kg bw/day EH. No significant changes in feed consumption 
were reported at any treatment level of EH in either study throughout gestation (data 
not given). EH-related irritation effects at the treatment site were identified as mild, 
and included exfoliation, encrustation and erythema for all treatment groups in both 
studies; oedema was not observed. 

Gestational effects were observed for neither study at any dose of EH 
applied dermally. Also, dermal administration of EH was not associated with 
external, visceral, or skeletal malformations. Dermally applied EH does not 
produce developmental or teratogenic effects when administered at doses associated 
with demonstrable maternal toxicity (Tyl et at., 1992). 

Groups of approximately 15 pregnant Sprague-Dawley rats were exposed 
for 7 hrs/day to air saturated with EH vapor (approximately 850 mg/m3 EH) 
throughout gestation (Nelson et at., 1988). Dams were weighed daily during the 
first week of exposure, then weekly. Dams were killed on gestation day 20; fetuses 
were removed, sexed, weighted and examined for external, visceral and skeletal 
defects. EH reduced maternal feed intake but did not produce significant maternal 
toxicity (data not provided). Inhalation of EH under conditions of this experiment 
was not associated with increased malformations (Nelson et at., 1988). 

2.2.6 Special studies on genotoxicity 

The results of genotoxicity assays on EH are summarized in Table 2. All 
reports except Seed (1982) were of negative results for in vitro assays; results were 
negative for several in vivo assays, including a dominant lethal assay, a 
chromosomal aberration assay, and a mutagenicity assay on rat urinary metabolites 
ofEH. 

Table 2: Results of genotoxicity assays on EH 

Test Test Subject EH Cone. Result Reference 

Ames test1 S. typhimurium T A98 0-1.0 neg. Kirby et al., 
TA100 TA1535 ,.Lip late 1983 
TA1537 TA1538 

Ames test1 S. typhimurium T A98 0-220 neg. Zeiger et al., 
TA100 TA1535 ,.gtplate 1985 
TA1537 

Ames test1 S. typhimurium T A98 0-2 000 neg. 3 Agarwal et al., 
TA100 TA1535 ,.glplate 1985 
T A1537 T A1538 
TA2637 
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Test Test Subject EH Cone. 

Ames test1 S. typhimurium T A98 0-1.8 J<llplate 
TAtOO TAt537 
TAt535 TAt538 

Ames test1 S. typhimurium T A98 urine from 
TAtoO TAt535 rats gavaged 
TAt537 TAt538 with t g/kg 

bw/day EH 
for t5 day 

In vitro cell BALB/3T3 cells O-O.t62 
transformation assay 1 l'g/ml 

8-Azaguanine S. typhimurium 0-1.5 mM 
resistance assay2 TAtOO 

Mouse micronucleus B6C3F1 mouse bone 456 mg/kg 
test marrow cells bw/day i.p. 

for t or 2 day 

mouse lymphoma L5t78Y/TK+'· mouse O.Ot-0.24 
assay1 lymphoma cells J<LimL 

Rec-assay Bacillus subtilis 500 l'g/disk 

CHO mutation assay Chinese hamster 1.5-2.8 mM 
ovary (CHO) cells 

Unscheduled DNA Primary rat Not given 
synthesis assay hepatocytes 

In vivo dominant lethal ICRISIM mice 250, 500, t 
assay 000 mg/kg 

bw/day for 5 
day 

In vivo chromosomal F344 rat bone .02, .07, .2t 
aberration assay marrow cells g/kg bw/day 

for 5 day 

Both with and without metabolic activation 
Without metabolic activation 
Moderate cytotoxicity reported in most cultures 

51 

Result Reference 

neg. Litton Bionetics 
Inc., t982a 

neg. DiVincenzo et 
at., t983 

neg.' Litton Bionetics 
Inc., t982b 

pos.' Seed, t982 

neg. 6 Litton Bionetics 
Inc., t982c 

neg. Kirby et at., 
t983 

neg. Tomita et at., 
t982 

neg. Phillips et at., 
t982 

neg. Hodgson et at. , 
t982 

neg. Rush brook et at., 
t982 

neg. Putnam et at. , 
t983 

(t) 
(2) 
(3) 
(4) Negative from 0-225 1'1/ml without metabolic activation; negative from O-O.t62 1'1/ml with 

rat hepatocytes for metabolic activation 
(5) 

(6) 

2.2.7 

Small dose-related increase (maximum increase was approximately 3.5 times background) in 
mutation frequency accompanied by decreased survival (cytotoxicity) 
Negative with and without activation with S9 and with and without B
glucuronidase/arylsulfatase 

Observations in humans 

Hollenbach and coworkers (1972) reported that laboratory workers exposed 
to EH (among other substances) reported headaches, dizziness, fatigue and 
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gastrointestinal disorders; also that exposed workers had slightly decreased blood 
pressure during the day. 

3. COMMENTS 

In rats, orally administered 2-ethyl-1-hexanol is absorbed and rapidly 
eliminated within 28 hours, mainly in urine and faeces. The major urinary 
metabolite is 2-ethylhexanoic acid. In mice, rats and monkeys, the compound is 
oxidized by B-, w-, and w-1-oxidation to various metabolites, including 
2-ethylhexanoic acid, ethylhexanedioic acid, and 5-hydroxyethylhexanoic acid. 
Glucuronic acid conjugates are formed in all three species. 

The Committee concluded that the available data do not indicate that 2-
ethyl-1-hexanol is genotoxic. With a single exception, in which a positive result 
occurred in the presence of significantly decreased cell survival (cytotoxicity), the 
results of both in vivo and in vitro genotoxicity tests were negative. 

Although teratogenic effects were reported in the offspring of mice 
administered 1 500 mg 2-ethyl-1-hexanollkg bw/day by gavage on days 6-13 of 
gestation, these effects occurred in the presence of severe maternal toxicity. The 
body weight gain of treated females was approximately 40% less than that of 
untreated controls. In rats, administration of 1600 mg/kg bw 2-ethyl-1-hexanol by 
gavage (but not 800 mg/kg bw) on day 12 of gestation was associated with a 
statistically significant increase in the number of malformed live fetuses 
(malformations included hydronephrosis, tail defects and limb defects). Maternal 
toxicity was not reported in this study. 

The results of several short-term toxicity studies suggested that 2-ethyl-1-
hexanol administered orally to rats and mice at doses greater than approximately 350 
mg/kg bw/day induces liver peroxisome proliferation and/or marker enzymes for 
peroxisome proliferation. However, the results of carcinogenicity studies did not 
indicate that long-term oral administration of 2-ethyl-1-hexanolleads to induction 
of liver tumours in mice or rats. 

The results oflong-term oral carcinogenicity studies indicated that 2-ethyl-
1-hexanol is not carcinogenic in rats (24 months) or mice (18 months). The 
incidence of hepatocellular carcinomas at 750 mg/kg bw/day in female mice was 
slightly higher than in historical controls, however this effect was considered to be 
incidental and unrelated to the administration of 2-ethyl-1-hexanol. The increase 
was statistically significant when compared with the incidence in vehicle control 
females but not when compared with the incidence in control females given distilled 
water by gavage. In these studies, the 750 mg/kg bw/day dose of the compound 
produced a number of statistically significant, non-carcinogenic adverse effects, but 
these effects were not observed at 50 or 200 mg/kg bw/day in mice or at 50 mg/kg 
bw/day in rats. 
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4. EVALUATION 

On the basis of a NOEL of 50 mg/kg bw/day from the long-term study in 
rats and using a safety factor of 100, the Committee established an ADI of 0-0.5 
mg/kg bw for 2-ethyl-1-hexanol. 
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1 EXPLANATION 

cx-Methylbenzyl alcohol has not previously been evaluated by the 
Committee. This substance is used as a flavouring agent in foods and beverages; 
it also occurs naturally in a variety of foods at levels of up to 1. 3 ppm (Maarse and 
Visscher 1991). 

2 BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

Following a single oral dose of 460 mg/kg bw in rabbits, cx-methylbenzyl 
alcohol was rapidly excreted in the urine. Within 24 hours, 82% of the dose was 
retrieved as urinary metabolites (Smith et al. 1954). 

2.1.2 Biotransformation 

Metabolites in the urine of rabbits following a single oral dose of 460 
mg/kg bw cx-methylbenzyl alcohol were cx-methylbenzyl alcohol glucuronide (50%), 
hippuric acid (30%) and mandelic acid (1-2%) (Smith et al. 1954). These results 
in the rabbit were cited in a 1959 review, with the observation that both optical 
forms of the alcohol behaved similarly with respect to biotransformation (Williams, 
1959). 

Hopkins et al. (1972) reported that a small proportion of a dose of cx
methylbenzyl alcohol in rats was excreted in the urine as acetophenone. 

Rats displayed substrate stereoselectivity in the metabolism of racemic 
mixtures of cx-methylbenzyl alcohol. The R( +) isomer was largely excreted as the 
glucuronide while the S(-) isomer underwent further oxidative metabolism (Testa 
and Jenner 1976). 
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2.2 Toxicological studies 

2.2.1 Acute studies 

The results of acute toxicity studies with a-methylbenzyl alcohol are 
summarized in Table 1. 

Table 1. Acute toxicity studies with a-methylbenzyl alcohol 

Animal Route LD50 

(mg/kg bw) 

Mouse Oral 1 2501 

Rat Oral 400 

Rat Oral 1 2501 

1Value is a LD1ow 

2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

Reference 

Dieter 1990 

Smyth & Carpenter 1944 

Dieter 1990 

Groups of male and female B6C3F1 mice (4 or 5/sex/group), 6-8 weeks 
old, received 0, 125, 250, 500, 1 000, or 2 000 mg/kg bw/dy a-methylbenzyl 
alcohol in com oil by gavage, 5 days a week over 16 days (12 doses). The animals 
were observed twice daily and weighed on day 1, after one week and at the end of 
the study. All animals were necropsied. Histological examinations were performed 
on two males and two females in the 500 mg/kg bw/dy dose group and on one male 
and one female in the control group. In the 1 000 and 2 000 mg/kg bw/dy groups, 
16/18 mice died within 3 days. No treatment-related histopathological lesions were 
observed in the 500 mg/kg bw/dy group (Dieter 1990). 

In a 13-week study, a-methylbenzyl alcohol was administered by gavage 
in com oil to six groups of B6C3 F 1 mice ( 10/ sex/ group) at dose levels of 0, 4 7, 94, 
188, 375 or 750 mg/kg bw/dy for 5 days/week. Animals were observed twice daily 
and body weights recorded once weekly. A necropsy was performed on each 
animal and the liver weights were recorded. Histopathological examinations were 
performed on all animals in the vehicle control groups, all animals dying on test and 
on all male and female mice in the 750 mg/kg bw/dy group. No deaths occurred 
which were related to the effects of the test material. At the two top dose levels, 
mice exhibited laboured breathing, ataxia and lethargy for up to 30 minutes after 
dosing. Body weights were not affected by administration of the test material. 
Absolute and relative liver weights were significantly elevated from controls in both 
male and female groups receiving 187.5 mg/kg bw, but no dose-response 
relationship was evident. No treatment-related histopathological lesions were 
observed in the 750 mg/kg bw/dy dose group (Dieter 1990). 
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2.2.2.2 Rats 

Groups of male and female F344/N rats (5/sex/group), 6-7 weeks old, 
received 0, 125, 250, 500, 1 000, or 2 000 mg/kg bw/dy a-methylbenzyl alcohol 
in com oil by gavage, 5 days a week over 16 days (12 doses). The animals were 
observed twice daily and weighed on day 1, after one week and at the end of the 
study. All animals were necropsied. Histological examinations were performed on 
two males and two females in the 1 000 mg/kg bw/dy dose group and on one male 
and one female in the control group. In the 2 000 mg/kg bw/dy group, 2/5 male 
and 4/5 female rats died before the end of the study. Laboured breathing and 
lethargy were noted in one rat of each sex immediately after dosing in this group. 
The body weights of male and female rats in the top three dose groups were lower 
than those of the respective vehicle controls. In the highest dose group, body 
weight decrements from controls were 21% and 15%, respectively, for males and 
females. Haemorrhage in the gastrointestinal tract was observed in one female and 
two male rats in this group. No treatment-related histopathological lesions were 
observed in the two male and two female rats in the 1 000 mg/kg bw/dy group 
(Dieter 1990). 

a-Methylbenzyl alcohol in com oil was administered by gavage to six 
groups of F344/N rats (10/sex/group) at dose levels of 0, 93, 187, 375, 750, or 1 
500 mg/kg bw, 5 days/week for 13 weeks. Animals were observed twice daily and 
body weights recorded once weekly. A necropsy was performed on each animal. 
The livers were weighed at this time. Histopathological examinations were 
performed on all animals in the vehicle control groups, all animals dying on test and 
on all male and female rats in the 1 500 mg/kg bw/dy group. Histopathological 
examination of the spleen was carried out in male rats in the 375 mg/kg bw/dy 
group and in male and female rats in the 750 mg/kg bw/dy group. In the 1 500 
mg/kg bw/dy dose group, 1/10 male and 3/10 females died as a result of treatment 
with the test material. Body weights of male rats in the 1 500 mg/kg bw/dy groups 
were significantly decreased at the end of the study compared with vehicle controls. 
Throughout the study, rats receiving 750 or 1 500 mg/kg bw/dy exhibited ataxia, 
rapid breathing and lethargy for up to 30 minutes after dosing. Relative liver 
weights were significantly elevated in all the treated female groups and in the 3 top 
male dose groups. The absolute liver weights were also elevated in comparison 
with the controls in these groups, with statistical significance in all but one of the 
treated female groups (187 mg/kg bw) and none of the male groups. No 
pathological changes of the liver were noted during histopathological examination 
of the high-dose group. A minimal-to-mild increase in brown pigment, 
characteristic of haemosiderin, was noted in the macrophages of the spleen in 10/10 
of the male rats receiving 750 mg/kg bw, 9/10 receiving 1 500 mg/kg bw. and in 
none receiving 375 mg/kg bw. In the female rats, a similar pigment was seen in 
6/10 receiving 1 500 mg/kg bw. and none receiving 750 mg/kg bw/dy (Dieter 
1990). 
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2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Mice 

A carcinogenicity study was conducted with B6C3F1 mice in which groups 
of 49 or 50 mice of each sex were administered 0, 375 or 750 mg/kg bw/dy of a
methylbenzyl alcohol in com oil by gavage, 5 days/week, for 103 weeks. Mice 
were observed twice daily. Body weights were recorded weekly for the first 12 
weeks and once a month for the rest of the study. Necropsy was performed on all 
animals at termination and those dying on test. Histopathological examination of 
33 tissues and organs was conducted in all mice from all groups. 

There was a greater than 10% reduction in body weight gain in the high
dose males and females, but administration of a-methylbenzyl alcohol had no effect 
on survival. There were no increases which were attributable to administration of 
the test material in neoplastic or nonneoplastic lesions of the kidney or any of the 
other tissues. The NOEL for this study was 375 mg/kg bw/day based on the 
reduction in body weight gain at the next higher dose (Dieter 1990). 

2.2.3.2 Rats 

Male and female F344/N rats, 50/sex/group, received 0, 375 or 750 mg/kg 
bw/dy a-methylbenzyl alcohol in com oil by gavage 5 days/week for 103 weeks. 
Rats were observed twice daily. Body weights were recorded weekly for the first 
12 weeks and once a month for the rest of the study. Necropsy was performed on 
all animals at termination and those dying on test. Histopathological examination 
of 36 tissues and organs was conducted in all rats from all groups. 

There was a greater than 10% reduction in body weight gains in both 
treated male groups and the high-dose females. Survival of rats in these groups was 
also significantly reduced. At study termination, male rat survival was 35/50, 8/50 
and 1150 for the control low-dose and high-dose groups, respectively; for the 
female rats, survival was 34/50, 26/50 and 11/50, respectively. A cluster of 
accidental deaths in both groups of treated males and in the high-dose females 
during weeks 48 to 53 were considered to have been gavage-related even though the 
animals had not been handled differently from the other groups and no other 
predisposing factors could be found. 

Chronic progressive nephropathy was a common age-related finding in both 
male and female rats. Treatment with either dose of a-methylbenzyl alcohol 
resulted in an increased severity of this lesion in the male, but not the female rats 
and also contributed to lowered survival in these groups. A statistically significant 
increase was noted in the combined incidence of adenomas and adenocarcinomas of 
the kidney in male rats at both doses (control, 1149; low-dose, 13/41; high-dose, 
14/28 [the denominator represents the number of animals alive at week 81 when the 
first kidney tumour was observed]). In fact, of these neoplasms, only one 
adenocarcinoma was detected and it was found in a low-dose animal. Because renal 
tubular cell neoplasms are often late-appearing, and were not visible 
macroscopically at necropsy, multiple sections of the kidney were used to evaluate 
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the incidence of these lesions. The incidence of tubular cell hyperplasia in the male 
rats was 1149, 7/41 and 6/28 for the control, low-dose and high-dose animals, 
respectively. There was no indication that the renal toxicity was mediated through 
a 2u-globulin, since no compound-related increases in hyaline droplet formation were 
observed in the short-term studies described above (data not presented). [However, 
immunohistochemical analysis for detection of a 2u-globulin is a more sensitive 
technique to preclude this as a mechanism for the genesis of these neoplasms.] 
Parathyroid hyperplasia, calcification of the heart and glandular stomach, and 
fibrous osteodystrophy of the bone were observed at markedly increased incidences 
in the low-dose male rats. These changes were believed to be secondary to a 
mineral imbalance caused by renal toxicity. The incidence of hyperplasia of the 
transitional epithelium overlying the renal pelvis also was significantly increased in 
the low-dose male rats (control - 3/50; low dose - 20/50; high dose - 4/50; 
females: 1150, 0/49, 0/50). Transitional cell papillomas of the urinary bladder were 
observed in 1147 high-dose male rats and 2/48 high-dose female rats and in none of 
the other groups. The historical incidence for this lesion in both sexes of F344/N 
rats is 0.2%. The incidences of epithelial hyperplasia of the urinary bladder did not 
show an increase in the treated rats (male: control - 3/48; low dose - 4/46; high 
dose - 1/47; female: 0/49; 1147; 0/48). 

The incidence of several other lesions was increased in treated groups 
compared with controls: in males (centrilobular necrosis of the liver, inflammation 
of the forestomach, suppurative inflammation of the nasal cavity, acute inflammation 
of the salivary glands); or in both sexes (congestion of the lung, haemorrhage and 
foreign material in the lung). A no-effect level was not observed in this study since 
reduced survival and body weight gain and an increased incidence of kidney 
adenomas were noted in the male rats at both doses administered in this study 
(Dieter 1990). 

2.2.4 Reproduction Studies 

No information available 

2.2.5 Special studies on teratogenicity 

a-Methylbenzyl alcohol was applied dermally to the skin of pregnant 
Sprague-Dawley rats at doses of 0, 0.14, 0.43 and 1.40 ml/kg bw/dy on days 6-15 
of gestation. With a specific gravity of 1.01, these doses were equivalent within 
1% to the same doses in g/kg bw. At the high dose, the test material exhibited an 
increased incidence of embryo lethality, growth retardation and malformations 
(anophthalmia, microphthalmia, ventricular septal defects, defects and irregularities 
affecting the thorax, kinky tail, defects of the thoracic ribs and occurrence of 
cervical ribs) as well as maternal toxicity. The NOEL in this study was 0.43 g/kg 
bw/dy. Since only summary data from this study were available in preparation of 
this monograph, it was not possible to determine the independence of the teratogenic 
and embryotoxic effects from maternal toxicity (USEPA 1976, cited Dieter, 1990). 
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2.2.6 Special studies on genotoxicity 

The results of genotoxicity studies with a-methylbenzyl alcohol are 
summarized in Table 2. 

Table 2. Results of genotoxicity assays on a-methylbenzyl alcohol 

Test System Test Object Concentration of Results Reference 
a-methylbenzyl 

alcohol 

Ames test' S. typhimurium 33-6 666 l'g/ml Negative Dieter 1990 
TA98, TA100, 
TA1535, 
TA1537 

DNA E. coli 50 1'1/plate Negative Fluck et al. 1976 
damage/growth 
inhibition 

Yeast mutation S. sake 0.20% Positive Kojima et al. 
1976 

Mammalian cell Mouse L5178Y/- 62.5-1 200 Positive Dieter 1990 
mutation TK+'· lymphoma l'g/ml 
( trifluoro- cells 
thymidine 
resistance) 

Chromosomal Chinese hamster 1 000-3 000 Positive ( + S9) Dieter 1990 
aberration' ovary cells l'g/ml 

Sister chromatid Chinese hamster 33.3-1 000 Negative Dieter 1990 
exchange' ovary cells l'g/ml 

1Both m the presence and absence of metaboltc actrvatron. 

2.3 Observations in humans 

Contact sensitization tests using 8% a-methylbenzyl alcohol in petrolatum 
produced no sensitization reactions in 25 volunteers (Kligman 1966, 1973). 

No information was available concerning the effects of ingestion of this 
flavouring in humans. 

3 COMMENTS 

Following oral administration this compound is rapidly excreted in the 
urine. The principal metabolites have been identified as hippuric acid and the 
glucuronide conjugate. 

The Committee reviewed a series of acute, short-term, and long-term 
toxicity studies in which a-methylbenzyl alcohol was administered in com oil by 
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gavage in rats and mice. In addition, the Committee evaluated a dermal 
teratogenicity study in rats and a battery of in vitro genotoxicity tests, which 
included bacterial and mammalian point mutation and mammalian chromosomal 
aberration studies. 

In the short-term toxicity studies, high rates of mortality were associated 
with dose levels of 1 000 mg/kg bw/day and above in the mouse and 2 000 mg/kg 
bw/day in the rat. 

An increase in haemosiderin deposits in macrophages of the spleen was 
noted at 750 mg/kg bw/day in male rats during a 13-week study. This effect was 
not, however, noted during a 2-year study. A dose-related increase in liver weight 
that was noted in both male and female rats in the 13-week study could not be 
assessed in the 2-year study since liver weights were not recorded. However, an 
increase in the incidence of centrilobular necrosis was observed in male rats at both 
dose levels (375 and 750 mg/kg bw/day) in the latter study. 

In the long-term toxicity studies, the body weight gains were at least 10% 
higher in untreated controls in male and female mice and in female rats at doses of 
750 mg/kg bw/day and in male rats at 375 and 750 mg/kg bw/day. Long-term 
survival of the rats, but not the mice, was significantly reduced by oral 
administration of a-methylbenzyl alcohol at 375 or 750 mg/kg bw/day. 
Exacerbation of age-related nephropathy was noted at both dose levels in male rats. 
The incidence of renal tubular cell hyperplasia and adenomas was also statistically
significantly increased in these rats than in untreated controls. A NOEL was not 
observed in this study. 

A teratogenicity study in rats in which cx-methylbenzyl alcohol was 
administered dermally showed a range of teratogenic and embryotoxic effects at the 
highest dose of 1400 mg/kg bw/day. Maternal toxicity was also demonstrated at 
this dose. Because cx-methylbenzyl alcohol was administered dermally, the extent 
of absorption and metabolism were likely to differ from absorption and metabolism 
by the oral route, hence comparability of dose levels was uncertain. The NOEL in 
this study was 430 mg/kg bw/day. 

cx-Methylbenzyl alcohol was mutagenic in eukaryotic cells (mammalian and 
yeast), but not in prokaryotic cells (bacteria) and induced chromosomal aberrations 
in mammalian cells in vitro. 

The Committee noted that cx-methylbenzyl alcohol administered by gavage 
in com oil was associated with a higher incidence of renal tubular cell adenomas in 
male rats than in untreated contols, but not in female rats or in mice, at dose levels 
at or exceeding the MTD and in the presence of factors that exacerbated a high 
incidence of age-related chronic progressive nephropathy. 

4 EVALUATION 

The intake of this compound is extremely low. On the basis of the 
available evidence, the Committee concluded that the higher incidence of benign 
neoplasms in the kidney of male rats is not relevant to humans. In view of the 
limited database, the Committee concluded that the available data could be used to 
set an ADI by application of a 1 000-fold safety factor to the minimal-effect level 
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of 93 mg/kg bw/day with respect to liver weight increase in the absence of 
associated pathology in the 13-week study in rats. On this basis, an ADI of 0-0.1 
mg/kg bw/day was allocated for a-methylbenzyl alcohol. 
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1. EXPLANATION 

The disodium salts of 5' -guanylic acid and 5 '-inosinic acid were previously 
evaluated at the eighteenth meeting of the Committee, when an AD I "not specified" 
was allocated (Annex 1, reference 35). At that time, metabolism, teratogenicity, 
and acute, short-term and long-term toxicity of the two substances, as well as data 
on the reproductive toxicity of inosinic acid and its calcium and sodium salts, were 
reviewed. The present Committee reviewed these compounds together, as many of 
the new toxicological studies had been performed on mixtures of the two salts. 
Data from the earlier reviews have been incorporated into this consolidated 
monograph. 

2. BIOLOGICAL DATA 

2 .1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

Disodium 5' -guanylate 

Male and pregnant female (day 10 or 18 of gestation) rats were given 25 
mg/kg bw of 8-[14C] disodium 5' -guanylate by gavage. Plasma radioactivity reached 
a maximum 30 minutes after ingestion and decreased abruptly to near zero within 
24 hours; tVz was about one hour. Twenty-four hours after exposure, about 84% 
of total activity appeared in urine, 0.2% in faeces, none in expired air, between 0-
0.6% remained in organs; about 12% of total activity remained in organ-free carcass 
of males and pregnant females (18th day of gestation) 24 hours after treatment. 
Fetuses contained about 0.01% of activity 24 hours after treatment (Ohara et al., 
1973). 
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Disodium 5'-inosinate 

Male and pregnant female (day 10 or 18 of gestation) rats were given by 
gavage 25 mg/kg bw of 8-14C labelled disodium 5'-inosinate. Radioactivity in 
plasma reached maximum levels 1h to 2 hours after treatment and slowly decreased 
to practically zero after 24 hours; t1h was about 5 hours. About 70% of total 
activity appeared in the urine, 6-7% in faeces, none in expired air, 0-2% in organs, 
and 8-17% in the organ-free carcass of males and pregnant females (18th day of 
gestation) 24 hours after treatment. Fetuses contained about 0. 77% of total activity 
24 hours after treatment (Ohara et al., 1973). 

2.1.2 Biotransformation 

Disodium 5' -guanylate 

The greater portion of disodium 5'-guanylate in the body is derived from 
de novo purine bio-synthesis and the rest is derived from pre-formed dietary 
purines. Biosynthesized disodium 5' -inosinate is the precursor of disodium 5'
guanylate, to which it is converted by oxidation to xanthosine-5-mono-phosphate and 
amination. Dietary or endogenous purine bases and ribonucleosides are converted 
to the 5' -ribonucleotides by phosphorylation. 

Disodium 5'-guanylate is dephosphorylated to guanosine, hydrolyzed to 
guanine, deaminated to xanthine and oxidized to uric acid. In most mammals, uric 
acid is further oxidized by the liver enzyme urate oxidase to allantoin. Primates, 
including humans, lack the enzyme, however; for them, uric acid is the main end 
product of purine metabolism. In humans, %of uric acid is excreted in the urine; 
the rest is further broken down in the gut. Digestion of disodium 5' -guanylate 
appears to take place mainly in the duodenum: the nucleosides are probably 
absorbed actively, the purines probably diffuse passively across the intestinal wall 
(Kojima, 1974). 

Disodium 5'-inosinate 

Disodium 5' -inosinate derives from dephosphorylation of ATP (adenosine-
5-triphosphate) to AMP and deamination. Further conversion to hypoxanthine is 
slow compared to the conversion of ATP to disodium 5'-inosinate. The greater 
portion of disodium 5' -inosinate in living tissue is derived from de novo purine 
biosynthesis, and less is derived from ingested dietary purines or nucleotides. 
Disodium 5' -inosinate is the first purine formed in the complex biosynthesis of 
purine nucleotides (Kojima, 1974). 

2 .1. 3 Effects on enzymes and other biochemical parameters 

Groups of five male rats (control group size was 1 0) were given 0%, 1%, 
or 4% disodium 5'-guanylate or disodium 5'-inosinate for five or 10 days in a 
purine-free basal diet. Levels of uric acid in serum and urine were not significantly 
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affected, and most of the ingested disodium 5' -guanylate and disodium 5' -inosinate 
was rapidly excreted in urine as allantoin. However, liver hypoxanthine-guanine 
phosphoribosyl transferase and adenine phosphoribosyl transferase activities were 
increased and the ratio of liver uricase/xanthine oxidase activity was increased, 
suggesting metabolism of ingested disodium 5' -guanylate and disodium 5' -inosinate 
by shunt pathways (Hashimoto et al., 1973). 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

Disodium 5' -guanylate 

Results of acute toxicity studies with disodium 5'-guanylate are 
summarized in Table 1. 

Table 1: Acute toxicity studies with disodium 5 '-guanylate 

Species Sex Route LD,0 Reference 
(mg/kg bw) 

Mouse M&F oral > 10 000 Usui et al., 1971 

Mouse M oral 15 000 Ichimura & Muroi, 1973 

Mouse F oral 16 300 Ichimura & Muroi, 1973 

Mouse M S.C. 5 050 Ichimura & Muroi, 1973 

Mouse F S.C. 5 050 Ichimura & Muroi, 1973 

Mouse M i.p. 6 800 Ichimura & Muroi, 1973 

Mouse F i.p. 5 010 Ichimura & Muroi, 1973 

Mouse M i.v. 3 580 Ichimura & Muroi, 1973 

Mouse F i.v. 3 950 Ichimura & Muroi, 1973 

Mouse M i.v. 3800 Shimamoto et al., 1974 

Rat M&F oral >10 000 Usui et al., 1971 

Rat M oral 17 300 Ichimura & Muroi, 1973 

Rat F oral 17 300 Ichimura & Muroi, 1973 

Rat M S.C. 3 550 Ichimura & Muroi, 1973 

Rat F S.C. 3 400 Ichimura & Muroi, 1973 

Rat M i.p. 4 750 Ichimura & Muroi, 1973 

Rat F i.p. 3 880 Ichimura & Muroi, 1973 

Rat M i.v. 2 720 Ichimura & Muroi, 1973 

Rat F i.v. 2 850 Ichimura & Muroi, 1973 
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A series of experiments was performed to assess a variety of acute effects 
of disodium 5'-guanylate. In mice, an i.v. dose of 500 mg/kg bw disodium 5'
guanylate produced abdominal postures, slight respiratory depression and slight 
depression of avoidance response to mechanical stimuli at 15 min (response had 
returned to normal at 30 min). There was no muscular relaxation (defined as failure 
to remain on a 2 mm diameter metal bar for 30 sec, measured at 10 and 30 minutes 
after dosing) but spontaneous revolutions (during placement in a rotating cage) were 
decreased (p < .05 vs. control) at one hour and decreased (not statistically 
significant) at 2 hr. There was no modification of electroshock convulsion after an 
i. v. dose of 500 mg/kg bw, but there was a dose-dependent decrease of the dose of 
metrazol required to produce convulsions when infusion of metrazol was started 
immediately after i. v. injection of 200 or 500 mg/kg bw disodium 5 '-guanylate (this 
decrease was significant only at 500 mg/kg bw). Doses of 125 mg/kg bw and 500 
mg/kg bw disodium 5'-guanylate, i.v., also caused prolongation of the time during 
which there was loss of righting reflex following methylhexabital anaesthesia 
(methylhexabital was injected i.p. 10 min after dosing; the time of measurement was 
not stated), but there was no effect on this response at 50 mg/kg bw disodium 5'
guany late. Oral administration of 500 mg/kg bw disodium 5 '-guanylate to mice did 
not affect their analgesic response to thermal stimuli (measured as pain threshold in 
seconds [the method was not described but was presumably the latency of paw 
removal from a hot plate]). Compared to controls, 100 mg/kg bw s.c. disodium 5'
guanylate in mice depressed salivary secretion following stimulation by pilocarpine. 
Pilocarpine was administered 35 min after disodium 5' -guanylate; secretion was 
measured for 20 minutes starting immediately after pilocarpine injection. There was 
no effect of an oral dose of 500 mg/kg bw disodium 5'-guanylate on carrageenin
induced oedema in rats. Administration of 100 mg/kg bw disodium 5'-guanylate 
s.c. to rats did not affect the secretion of gastric juices but slightly increased their 
pH and depressed their total acidity. Intragastric administration of 25 mg/kg bw 
disodium 5 '-guanylate had no diuretic effect in rats. Concentrations of disodium 5 '
guanylate below 10-4g/ml had no effect on the contractile response of isolated 
guinea-pig ilium to acetylcholine, histamine, or barium chloride (Shimamoto et al, 
1974). 

Topical disodium 5' -guanylate (applied to the tongue acutely at a 
concentration of 0.01% disodium 5'-guanylate with 0.3% MSG) enhanced the 
electrical response of the chorda tympani to topical MSG in the rat (Sato et al. , 
1971). 

Disodium 5'-guanylate administered i.p. had no marked effect on the 
conditioned avoidance response of the rat. Parenteral disodium 5' -guanylate 
produced transient changes in the electroencephalogram (EEG) of rabbits 
(Hirayama, 1968). 

Intravenous disodium 5 '-guanylate had no significant effect on the blood 
pressure, heart -rate, or electrocardiogram (ECG) of the anaesthetized rabbit (Yabo, 
1964). 
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Rapid intracarotid injection of disodium 5 '-guanylate increased the cerebral 
blood flow but did not affect oxygen consumption or glucose uptake in the perfused 
cat brain (Otsuki et al., 1968). 

Anresthetized cats were exposed to disodium 5' -guanylate via a tube 
inserted into the femoral vein or a tube inserted into the medial sacral artery. Acute 
infusions of 10, 25, or 50 mg/kg bw disodium 5'-guanylate caused transient, slight, 
dose-dependent hypotension that was associated with tachycardia, and increased 
blood flow to the hind limbs. Intra-arterial infusion of disodium 5' -guanylate at 
doses greater than 10 mg/kg caused transient increases in blood flow to the hind 
limbs. There was no change in ECG pattern with either method of dosing. 

In isolated guinea-pig atria, doses of disodium 5 '-guanylate up to 10-5 g/ml 
did not affect contractile height or atrial rhythm; disodium 5' -guanylate at 104 g/ml 
increased the rate and strength of contractions; 10-3 g/ml further increased the rate 
and slightly decreased the strength of contractions (Shimamoto et al., 1974). 

Disodium 5' -inosinate 

Results of acute toxicity studies with disodium 5' -inosinate are summarized 
in Table 2. 

A series of experiments was performed by Shimamoto and coworkers to 
assess a variety of acute effects of disodium 5'-inosinate. In mice, i.v. 
administration of 500 mg/kg bw disodium 5'-inosinate caused behavioural 
excitement, increased reflex response, no muscular relaxation (measured by the 
ability to remain on a horizontal metal bar for 30 sec or by the ability to remain on 
a screen inclined at 60°) and depressed rotating activity (measured as the number 
of spontaneous rotations during placement in a rotating cage) during the first hour 
following administration of disodium 5' -inosinate. Administration of 500 mg/kg bw 
i.v. did not modify electroshock convulsions in mice; however, disodium 5'
inosinate doses of 100 and 500 mg/kg bw decreased the dose of metrazol that 
produced continuous convulsions. Administration of 50-500 mg disodium 5 '
inosinate/kg bw i. v. to mice prolonged loss of the righting reflex after anaesthesia 
with methy lhexabital. Administration of 10-50 mg disodium 5 '-inosinate/kg bw i. v. 
to cats had no effect on blood pressure, heart rate, ECG, or blood flow to the hind 
limbs. Incubation with medium containing 10-5 g/ml disodium 5'-inosinate did not 
affect the height and rhythm of spontaneous movements of isolated guinea-pig atria; 
incubation with w-3 g/ml disodium 5' -inosinate, however, depressed contractile 
height by 16.5% and slightly increased the rate of contractions (Shimamoto et al., 
1974). 

A 1 :4 000 dilution of disodium 5 '-inosinate first increased motility and 
then decreased tone of an immersed, isolated guinea pig uterus (Floessner, 1934). 

Topical disodium 5' -inosinate enhanced the electrical response of the 
chordotympani to topical MSG in rats and cats (Adachi, 1964; Sato et al., 1965). 
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Species 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Mouse 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Table 2: Acute toxicity studies with disodium 5' -inosinate 

Sex Route 

M&F oral 

M 

F 

F 

? 

M 

F 

oral 

oral 

oral 

oral 

S.C. 

S.C. 

S.C. 

i.p. 

M i.p. 

F i.p. 

? i.v. 

M i.v. 

F i.v. 

M i.v. 

M&F oral 

M oral 

F oral 

M S.C. 

F S.C. 

M i.p. 

F i.p. 

M i.v. 

F i.v. 

LD50 (mg/kg bw) 

>10 000 

12 000-14 000 

17 600 

19 800 

>20 000 

6 200-7 000 

5 480 

5 630 

5 400-5 600 

6 300 

6 200 

3 300-3 900 

3 950 

4 600 

4 400 

> 10 000 

17 100 

15 900 

3 900 

4 340 

5 400 

4 850 

2 730 

2 870 

Reference 

Usui et al., 1971 

Hara et al., 1966 

lchimura & Muroi, 1973 

Ichimura & Muroi, 1973 

Merck petition 

Hara et al., 1966 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

Hara et al., 1966 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

Hara et al., 1966 

lchimura & Muroi, 1973 

lchimura & Muroi, 1974 

Shimamoto et al., 1974 

Usui et al., 1971 

lchimura & Muroi, 1973 

Ichimura & Muroi, 1973 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

lchimura & Muroi, 1973 

72 

A 1% solution of disodium 5' -inosinate decreased the mobility of isolated 
guinea-pig intestine (Hara et al., 1966). 

In a series of studies, Shimamoto and coworkers reported that: 1) 
administration of 50 and 100 mg/kg bw disodium 5 '-inosinate s. c. to mice decreased 
the pilocarpine-induced increase in salivary secretion; 2) administration of 100 
mg/kg bw disodium 5'-inosinate s.c. to mice had no effect on charcoal transport in 
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the small intestine; 3) incubation with medium containing 10-3 g/ml disodium 5'
inosinate did not affect the contractile response of isolated guinea-pig ileum to 
acetylcholine, histamine, or barium chloride; 4) oral administration of 500 mg/kg 
bw dis odium 5 '-inosinate had no effect on analgesic response to thermal stimuli in 
mice or carrageenin-induced oedema in rats; 5) administration of 100 mg/kg bw 
disodium 5' -inosinate s.c. had no effect on gastric juice volume in the rat but 
slightly increased gastric pH; and 6) rats given 100 mg/kg bw intragastric disodium 
5' -inosinate showed no diuresis (Shimamoto et al., 1974). 

Disodium 5 '-inosinate caused no changes in renal function or renal venous 
renin after arterial infusion at 50-500 ug/min in anaesthetized, sodium-depleted dogs 
(Tagawa and Vander, 1970). 

Disodium 5 '-inosinate injected i. v. in anaesthetized rabbit had no effect on 
blood pressure or respiration at 5-10 mg/kg bw, but 50 mg/kg bw and above caused 
a transient decrease in blood pressure and potentiation of respiration (Hara, 1966). 

Disodium 5'-inosinate injected i.v. caused hypotension in the rabbit at 0.2 
mg/kg bw and in the dog at 0.35 mg/kg bw (Floessner, 1934). 

Pharmacological studies on disodium 5'-inosinate showed no effect on the 
S-A or A-V nodes in the Langendorff preparation of rat heart (Versprille, 1966). 

2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Disodium 5' -guanylate 

Groups of 10 male rats were given 0%, 0.1 %, or 1% disodium 5'
guanylate in their diet daily for three and six months. The authors stated that no 
significant abnormalities were noted as regards spontaneous behaviour, body weight 
gain, food intake, haematology, urinalysis, and macroscopic and histological 
examination. However, data in tables included only a few subjects in each group 
so the authors' conclusions could not be confirmed (Usui et al., 1971). 

Disodium 5' -inosinate 

Groups of 10 male rats were fed diets containing either 0, 10, 100 or 1 
000 mg/kg bw/dy naturally derived or synthetically prepared disodium 5 '-inosinate 
for 90 days. No adverse effects were noted on weight gain, organ weights, 
haematological parameters or histopathology (Hara et al., 1966). 

Eight male and 8 female Sprague-Dawley rats were fed diets containing 
0%, 0.5%, 1.0%, 2.0% or 4.0% disodium 5'-inosinate for 12 weeks followed by 
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levels ofO%, 0.75%, 1.5%, 3.0%, or 6.0% disodium 5'-inosinate during weeks 13-
25. No significant abnormalities in any treatment group with regard to behaviour, 
body weight gain, food intake, haematology or urinalysis were reported. Some 
animals in higher dosage groups showed renal medullary calcification; relative mean 
weights of kidney and spleen in the 6% disodium 5'-inosinate groups were 
significantly increased. 

In a second experiment, 6 male and 6 female Sprague-Dawley rats were 
given 0%, 1%, 4%, or 8% disodium 5'-inosinate in the diet for 52 weeks. The 
only adverse effects noted were slight depression of body weight gain in the groups 
fed 8% disodium 5 '-inosinate. Increased renal calcifications was seen in the 4% 
and 8% females; this was probably related to urine osmolarity. The 8% males and 
2% and 8% females showed more severe nephrosis than rats in other groups 
(Yonetani et al., 1973). 

Groups of 10 male rats were given 0%, 0.1 %, or 1% of disodium 5'
inosinate in their diet daily for three and six months. Average daily intake of 
disodium 5' -inosinate was reported to be 45.8 mg/kg bw/dy for the 0.1% group and 
496.5 mg/kg bw/dy for the 1% group. Tables in the report included data on only 
a few animals in each group and did not always indicate the number of animals for 
which mean values were calculated. The authors stated that no significant 
abnormalities were noted in spontaneous behaviour, body weight gain, food intake, 
haematology, urinalysis, or macroscopic and histological examination. However, 
absolute lung weight was decreased in both disodium 5'-inosinate-fed groups when 
compared to the control group (mean lung weight at six months: 1239 for controls; 
869 for 0.1% disodium 5' -inosinate group; 879 for 1% disodium 5' -inosinate group 
[units not reported]). Although the authors attributed this change to the presence 
of pneumonitis leading to increased lung weight, which was most pronounced in 
control rats, this reviewer was unable to discern any relationship between degree of 
pneumonitis and lung weight (Usui et al., 1971). The authors stated that some 
animals were excluded from the final tabulation of results due to pulmonary 
infection, but the numbers excluded from each group were not provided. 

Disodium 5'-guanylate + disodium 5'-inosinate 

Male rats (group size unspecified, but apparently 10 at the beginning of the 
study) were given 0.2, 0.4, 0.8, or 2% of a 50:50 mixture of disodium 5'-guanylate 
and disodium 5'-inosinate (50:50 mix) in the diet for 6 months. Three rats in each 
group died during the course of the study due to pulmonary infection. Mean 
ribotide intake was 30.8 mg/day for the 0.2% group, 63 mg/day for the 0.4% 
group, 123.5 mg/day for the 0.8% group, and 308.6 mg/day for the 2% group. 
There were no changes in body weight, haemoglobin, erythrocyte, leucocyte, or 
haematocrit (blood parameters measured for 5 rats/group only) for rats in any dose 
group compared to control rats. There were some scattered statistically significant 
changes in organ weights, which did not appear dose-related; there was a trend 
toward an increase in kidney weight with dose, but this was not statistically 
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significant. The Committee did not consider the statistics to be reliable, since some 
statistical findings reported were anomalous. 

An additional study reported by the same group included administration of 
0.8% and 4% 50:50 mix for 3 months; although some results from the 3-month 
study were discussed in the report on the 6-month study, data from the 3-month 
study were not reported separately (Usui et al., 1971). 

2.2.2.2 Dogs 

Disodium 5' -inosinate 

One male and one female beagle were fed diets containing 0%, 3.6-3.9% 
or 8% disodium 5'-inosinate for four to six weeks without any adverse effect (Noel 
et al., 1971). 

Four male and four female beagles were fed diets containing 0, 0.5, 1 or 
2 g/kg disodium 5'-inosinate for two years. No significant changes were reported 
in body weight gain, feed consumption or ophthalmoscopy. Haematology, 
biochemistry and urinalysis were normal. Dogs fed 2 g/kg bw/day disodium 5'
inosinate had significantly increased allantoin levels in the serum but these were not 
dose-related. Histopathological examination showed no significant abnormalities 
(Rivett et al., 1973). 

Disodium 5'-guanylate + disodium 5'-inosinate 

Preliminary studies were conducted using groups of 1 male and 1 female 
beagle dog/dose, with feeding of 50:50 mix in the diet at levels of 0, 2, 5, or 10% 
for four weeks (6 weeks at the 10% level). Weight gain was slightly decreased in 
the 10% group during the 3-6 week period. All post mortem findings, including 
organ weights and histological examinations, were normal for all groups (no data 
were presented for the preliminary study). 

Beagle dogs, 4 animals/sex/group (4 months of age at the start of the 
study) were fed diets containing 0, 0.1 (mean daily intake 30-40 mg/kg bw), 1.0 
(mean daily intake 26-48 mg/kg bw), or 2.0% (mean daily intake 51-93 mg/kg bw) 
50:50 mix for 2 years. Clinical signs and feed intake were recorded daily; water 
consumption was checked at monthly intervals. Ophthalmoscopic examinations, 
urinalyses, haematological examinations, and blood biochemistry studies, including 
the determination of serum electrolytes, allantoin and uric acid, were conducted 
before dosing and at 1 , 2, 4, 6, 9, 12, 15, 18, 21, and 24 months after initiation of 
treatment. Serum allantoin and uric acid levels were raised, sometimes in a dose
related manner, at several time points during the study: serum allantoin (mg/100 ml) 
was raised at 8 weeks in all dosed groups (control=2.11; 0.1% =2.42; 1% =2.58; 
2% =2.67), at 16 weeks in the .1% and 1% groups (control=2.03; 0.1% =2.67; 
1% =3.23), and at 92 weeks in all groups (control= 1.82; 0.1% =2.43; 1% =3.04; 
2% =2.90); serum uric acid (mg/100 ml) was raised at 26 weeks in the 1% and 2% 
groups (control=0.70; 1 %=0.96; 2%=1.19), and at week 103 in the 1% group 
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(control=0.51; 1%=1.00). No other findings related to intake oftest substance 
were noted (Worden et al., 1975). 

2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Rats 

Disodium 5' -inosinate 

Fourteen male and 14 female Sprague-Dawley rats were fed diets 
containing 0%, 1%, 2%, 4%, or 8% disodium 5'-inosinate for 95 weeks. No 
significant changes were seen in behaviour, body weight gain, feed intake, 
haematology, blood chemistry, urinalysis, histopathology or mortality (Yonetani et 
al., 1973). 

Disodium 5'-guanylate + disodium 5'-inosinate 

Male and female rats (group size unspecified, but it may have been 10 
animals/sex/group) were fed 50:50 mix at 0%, 1% or 2% of the diet for 24 months. 
Average daily intakes were 427 and 864 mg/kg bw/day for males and 528 and 1026 
mg/kg bw/day for females on the 1% and 2% diets, respectively. The authors 
noted no differences in body weight, food utilization, food intake, mortality, or 
general health among the treatment groups. Due to the small number of 
animals/sex/group (10), the pathology findings are difficult to interpret. No 
increase in tumours associated with consumption of diets containing a 50:50 mixture 
of disodium 5' -guanylate and disodium 5' -inosinate was reported. There may have 
been a small increase in testicular atrophy in male rats (3/9 in both 50:50 mix-fed 
groups, 119 in control) and an increase in adrenal enlargement in high-dose female 
rats (6/10 in females fed 2% a 50:50 mixture of disodium 5'-guanylate and 
disodium 5'-inosinate, 2/10 in females fed 1% a 50:50 mixture of disodium 5'
guanylate and disodium 5' -inosinate, 2/10 in control females). No effect of 50:50 
mix ingestion on tumour incidence, tumour type, or pathological lesions of various 
organs in rats was seen under conditions of this study (Usui et al., 1971). 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

Disodium 5' -inosinate 

In a three-generation reproduction study, groups of ten male and 20 female 
rats were fed diets containing 0% , 0. 5 % , 1 % , or 2% disodium 5 '-inosinate. 
Animals were fed experimental or control diets for 60 days before mating. No 
effects on mating performance, pregnancy rate, or duration of gestation were noted. 
Body weight gain in disodium 5' -inosinate-fed rats was larger than in controls in all 
generations. Litter size, pup weight, pup mortality and incidence of abnormalities 
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were unaffected by treatment. The authors reported that organ weight analysis, 
histopathology and skeletal staining of F38 litters revealed no consistent pattern of 
adverse effects related to disodium 5' -inosinate consumption (Palmer et al., 1973). 

Disodium 5'-guanylate + disodium 5'-inosinate 

Rats were fed diets containing 0, 0.1 , 1. 0, or 2. 0% 50: 50 mix for 3 
generations (20 female and 10 male rats per generation). Two litters were produced 
per generation and the parent group for the next generation was selected from the 
second litter. The parent group was apparently not randomly chosen, but pups were 
chosen from as many litters as possible and selected so that pup weights were as 
close as possible to the mean pup weight at weaning. In parent animals, mortality, 
bodyweight change, feed consumption, mating performance, pregnancy rate, and 
gestation period were assessed. All offspring were examined for external 
abnormalities within 12 hours of birth. At 21 days of age, all pups from the first 
litter of each generation and surplus pups from the second litter were killed and 
examined internally and externally for evidence of abnormality. Ten males and 10 
females from the third generation (control and 2% 50:50 mix groups only) were 
subjected to detailed histological examination of the pancreas, urinary bladder, a 
long bone, stomach, small and large intestines, and bone marrow smears. Brain, 
liver, heart, pituitary, spleen, thyroid, kidneys, thymus, adrenals, lungs, and gonads 
were weighed. An additional 10 males and 10 females from the third generation of 
each exposure group underwent skeletal examination. 

The author concluded that there was no evidence of any treatment-related 
effect at any dose level (few data were included in the article). However, there was 
a tendency for the litter size to be larger for 50:50 mix-fed rats than for control rats 
for the first litters and smaller than controls for the second litters. Similarly, pup 
mortality tended to be lower than controls in the first litters of 50:50 mix-fed rats 
and higher than controls in the second litters. These tendencies reached statistical 
significance for the 1.0% treatment group in the second and third generations, but 
were not dose-related. 

The author reported a trend toward increased skeletal variants with 
increasing dose of 50:50 mix (variants included bipartite thoracic centrum, seven 
sternebra, and extra ribs); however, only 10 animals of each sex were examined, 
so the relevance of these findings is unclear (controls: 20% of males and 20% of 
females exhibited some skeletal variations; 0.1% 50:50 mix group: 10% of males 
and 30% of females exhibited skeletal variations; 1% 50:50 mix group: 50% of 
males and 30% of females exhibited skeletal variations; 2% 50:50 mix group: 80% 
of males and 40% of females exhibited skeletal variations). The author concluded 
that the findings in this study had no toxicological significance (Palmer, 1975). 
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2.2.5 Special studies on embryotoxicity/teratogenicity 

2.2.5.1 Mice 

Disodium 5'-guanylate 

Pregnant female mice were treated with 0, 750 or 1 000 mg/kg bw 
guanosine, injected i.p. on day 10 or day 13 of gestation. Mice were sacrificed on 
day 19 of gestation, and examined for number of implantation sites and signs of 
fetal death in situ. Live fetuses were removed, weighed, and examined for external 
deformities and skeletal malformations. Control values were: body weight - 1.40 
g, dead offspring - 6.5%; skeletal malformations - 0%; external malformations -
0.5%; subcutaneous haematoma- 0%. Fetuses from mothers injected on day 10 
showed a decrease in mean body weight (mean= 1. 32 g) and an increase in percent 
live offspring with skeletal malformation (7.7%) at 750 mg/kg bw; there was an 
increase in percent of dead offspring (26.2%), decrease in mean body weight 
(mean= 1. 34 g), and an increase in percent live offspring with skeletal malformation 
(14.2%) at 1 000 mg/kg bw. Injection on day 13 caused an increase in percent 
dead offspring (21.3%) and decrease in mean body weight (mean=l.33 g) at 750 
mg/kg bw; there was an increase in percent dead offspring (23 .1 %) , decrease in 
mean body weight (mean= 1.35 g), and increase in percent live offspring with 
external malformation (7.8%) and subcutaneous haematoma (5.3%) after injection 
of 1 000 mg/kg bw (Fujii et al., 1972). 

Disodium 5' -inosinate 

Pregnant female mice were treated with 0, 250, 500 or 1 000 mg/kg bw 
inosine, injected i.p. on day 10 or 500 or 1 000 mg/kg bw injected i.p. on day 13 
of gestation. Mice were sacrificed on day 19 of gestation, and examined for 
number of implantation sites and signs of fetal death in situ. Live fetuses were 
removed, weighed, and examined for external deformities and skeletal 
malformations. Control values were: body weight - 1.40, percent dead offspring -
6.5; percent skeletal malformations - 0; percent external malformations - 0.5; 

percent subcutaneous haematoma - 0. Fetuses from mothers injected on day 10 
showed an increase in percent of dead offspring (16.5%), decrease in mean body 
weight (mean= 1.35), and an increase in percent live offspring with skeletal 
malformation (14.0%) at doses of 1 000 mg/kg bw; decrease in mean body weight 
(mean= 1. 33) and an increase in percent live offspring with skeletal malformation 
(15.3%) at 500 mg/kg bw; decrease in mean body weight (mean=l.35) and an 
increase in percent live offspring with skeletal malformation (12.4%) at 250 mg/kg 
bw. Injection on day 13 caused an increase in dead offspring (24. 6%) and decrease 
in mean body weight (mean= 1. 31) at 1 000 mg/kg bw; increase in dead offspring 
(12.4%) and decrease in mean body weight (mean=l.37) at 500 mg/kg bw, with 
no increase in skeletal malformations at either dose (Fujii et al., 1972). 
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Disodium 5'-guanylate + disodium 5'-inosinate 

Groups of 14 pregnant mice were given 0 or 2 000 mg/kg bw/dy 50:50 
mix orally via gastric tube from days 8-13 of pregnancy. Fetuses were removed by 
Caesarean section on day 19. Parameters measured were: number of embryonal 
implantations and fetal deaths, weight, sex differentiation, gross external and 
visceral malformations, and skeletal malformations; the authors reported no effects 
of treatment on any measured parameters (Kaziwara et al., 1971). 

2.2.5.2 Rats 

Disodium 5' -guanylate 

Groups of 9 pregnant rats were given 0 or 100 mg/kg bw/dy disodium 5'
guanylate orally via gastric tube on days 9-15 of pregnancy. Fetuses were removed 
by Caesarean section on day 21. Parameters measured were: number of embryo 
implantations and fetal deaths, weight, sex differentiation, gross external and 
visceral malformations, and skeletal malformations; the authors reported no effects 
of treatment on any measured parameters. The authors reported no effects of 
treatment on any measured parameters (Kaziwara et al., 1971). 

Disodium 5'-guanylate + disodium 5'-inosinate 

A group of 9 pregnant rats were given 2 000 mg/kg bw/dy 50:50 mix 
orally via gastric tube from days 9-15 of pregnancy. Fetuses were removed by 
Caesarean section on day 21. Parameters were measured as above. There was a 
change in the sex ratio of the fetuses (M:F ratio was 1.11 in control litters, 0.64 in 
treated litters); the significance of this change was not commented on by the 
authors. No other changes were found in any measured parameters (Kaziwara et 
al., 1971). 

2.2.5.3 Rabbits 

Disodium 5' -guanylate 

Pregnant rabbits were fed either a normal diet (12 animals) or diets 
containing 0.2 g disodium 5' -guanylate/kg bw/dy or 2.0 g disodium 5' -guanylate/kg 
bw/dy from days 6-18 of gestation (9-10 animals/group). All except four dams in 
each group were sacrificed on day 29; remaining dams were allowed to litter 
spontaneously and their pups were observed until 30 days of age. No adverse 
effects on body weight were noted; rabbits fed diets containing 2 g/kg bw/dy had 
reduced feed consumption. Implantation numbers did not differ from controls but 
mortality of fetuses in the 2 g/kg bw/dy group was lower than in controls. All 
disodium 5 '-guanylate-treated groups showed some delay in ossification, but no 
treatment-specific skeletal abnormalities. There were no effects on number of 
delivered fetuses, and survival rate of the 0.2 g/kg group was greater than controls 
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at weaning. Mean pup body weights were reported to be normal and no significant 
malformations were observed in pups of either dose group (Jojima et al., 1973). 

Disodium 5'-inosinate 

Groups of 13-18 pregnant female Japanese white rabbits received 0, 200 
or 2 000 mg/kg bw/dy disodium 5'-inosinate in their diet during days 6-18 of 
gestation. Four to five females of each group were allowed to deliver spontaneously 
and pups were observed to day 30. All other dams were killed on day 29 of 
gestation. The authors reported that no significant effects were observed on 
implantation sites, number of live or dead fetuses, body weights of live fetuses nor 
external abnormalities. The mortality of fetuses in the 0.2 g/kg bw/dy group was 
lower than that of other groups. All disodium 5'-inosinate-treated groups showed 
some delay in ossification but no specific skeletal abnormalities were found that 
appeared to be due to disodium 5 '-inosinate. The authors concluded that daily 
administration of 2 000 mg/kg bw disodium 5'-inosinate had no adverse effect on 
pup development (Jojima et al., 1973). 

2.2.5.4 Chickens 

Disodium 5' -guanylate 

Chick embryos were injected with guanosine into the yolk sac at 4 days, 
with doses ranging from 2-12 mg/egg. Of 65 embryos injected, 49 remained alive 
at 10 days and 45 remained alive at 18 days. 6 embryos showed abnormalities at 
11-18 days (12%). The approximate LD50 for guanosine in this system was 
estimated to be 8 mg/egg. Guanosine was neither highly toxic nor teratogenic in 
this system (Kamofsky et al., 1961). 

2.2.5.5 Monkeys 

Disodium 5' -guanylate + disodium 5' -inosinate 

Pregnant Cynomolgus monkeys were given 0 (2 monkeys), 500 mg/kg 
bw/dy 50:50 mix (2 monkeys) or 1 000 mg/kg bw/dy 50:50 mix (3 monkeys) orally 
via gastric tube from day 21 to day 30 of pregnancy. Fetuses were removed by 
Caesarean section on day 100. Measured parameters were weight, sex 
differentiation, gross external and visceral malformations and skeletal 
malformations. All treated females were reported to show some effects of 
treatment: monkeys receiving 500 mg/kg bw/dy 50:50 mix evacuated soft faeces for 
4 or 9 days during treatment; all monkeys receiving 1 000 mg/kg bw/dy 50:50 mix 
exhibited diarrhoea, one of the three exhibited profuse diarrhoea and vaginal 
bleeding so that administration was stopped after the 6th day of treatment. Body 
weight gain of treated animals was similar to that of control animals, except for one 
animal receiving 500 mg/kg bw/dy who showed no weight gain during the study. 
The authors reported that one fetus from a treated monkey (500 mg/kg bw) had a 
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hypertrophic spleen which manifested blood stagnation upon histological 
examination. No gross visceral nor skeletal malformations were observed in treated 
or control fetuses. A cervical rib was present in 1 control fetus, 2 fetuses from 
females treated with 500 mg/kg bw/dy and 1 fetus from a female treated with 1 000 
mg/kg bw/dy (Kaziwara et al., 1971). 

2.2.6 Special studies on genotoxicity 

Sodium 5' guanylate, sodium 5' inosinate, and a 50:50 mix were tested for 
genotoxicity in the Salmonella/microsome test (with and without metabolic 
activation) and chromosomal aberration test in vitro using a Chinese hamster 
fibroblast cell line (without metabolic activation). All substances were negative in 
the Salmonella/microsome test. Results of the chromosomal aberration test were 
positive for all substances. For disodium 5' -guanylate, the D20 (dose at which 
structural aberrations were detected in 20% of the metaphases observed) was .024 
mg/ml and the TR (frequency of cells with exchange type aberrations per unit dose 
(mg/ml)) was 576. For disodium 5' -inosinate, the D20 (dose at which structural 
aberrations were detected in 20% of the metaphases observed) was 15.2 mg/ml, the 
TR (frequency of cells with exchange type aberrations per unit dose (mg/ml)) was 
0.8. For 50:50 mix, the D20 was 1.99 mg/ml and the TR was 4.75 (Ishidate et al., 
1984). 

2. 3 Observations in humans 

Disodium 5' -inosinate 

Three healthy volunteers were given 0, 1, 1.5, 2, and 2.5 g disodium 5'
inosinate for seven consecutive days (diets had equal amounts of purines). Serum 
uric acid and urinary uric acid excretion doubled without signs of ill effects. The 
author reported that uric acid is the major endpoint of disodium 5' -inosinate 
metabolism in humans; % of uric acid appears in the urine, with the remainder 
excreted via the gut, where it was further degraded. (Kojima, 1974). 

Disodium 5'-guanylate + disodium 5'-inosinate 

Three healthy men were fed 0, 250, 500, 1 000, 2 000, or 4 000 mg/day 
of a mixture of 50% disodium 5' -inosinate and 50% disodium 5' -guanylate. Equal 
divided doses were given with three daily meals. Doses were given in an escalating 
pattern, from 250 to 4 000 mg/day, with 5 days at each dose; uric acid levels in 
serum and urine were measured before dosing and on the final two days at each 
dose. Uric acid levels in serum and urine were not significantly increased at doses 
up to 1 000 mg/day, but doses of 2 000 and 4 000 mg/day caused significant 
increases in both measures (p < . 005). The authors stated that the measured values 
at 2 000 mg/day (serum uric acid: 6.9 mg/100 ml; urinary uric acid: 0.82 g/day) 
were increased above baseline (serum uric acid: 6.3 mg/100 ml; urinary uric acid: 
0.6 g/day) but were within the normal range of these values; however values at 4 
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000 mg/day (serum uric acid: 8.6 mg/100 ml; urinary acid 1.1 g/day) were elevated 
above the normal range (Mitoma et al., 1972). (The normal ranges were not given 
in this article, but Kojima [1974] reported that normal serum urate levels were 5 ± 1 
mg/100 ml in 969 normal men and mean urinary uric acid was 8.1 mg/kg bw/24 
h in normal men.). 

3. COMMENTS 

Disodium 5 '-guanylate and disodium 5 '-inosinate are widely distributed in 
all animal and plant tissues. Their role in purine metabolism as well as their 
breakdown to uric acid and to allantoin (in most mammals, but not humans) is well 
documented. Data presented at the 18th meeting as well as new data on the 
metabolism, reproductive effects, genotoxicity, and short-term and long-term 
toxicity of guanylate and inosinate were evaluated at the present meeting. No 
evidence of carcinogenicity, teratogenicity, or adverse effects on reproduction has 
been observed. 

Changes in dietary purine intake over the past decade resulting from the 
use of guanylate and inosinate as flavour enhancers are no greater than those due 
to variability in the consumption of the major dietary contributors of purines. 
Naturally occurring nucleotides in the diet (calculated to be up to 2 g/personlday) 
greatly exceeds their intake resulting from use as flavour enhancers (approximately 
4 mg/personlday). 

4. EVALUATION 

The Committee concluded that, on the basis of the available data, the 
combined total daily intake of disodium 5' -guanylate and disodium 5' -inosinate is 
not of toxicological significance, and re-confirmed the ADI "not specified" that was 
previously established. Because exposure to these substances from their use as 
flavour enhancers is low compared with daily intake of naturally occurring 
nucleotides in the diet, the Committee found no reason to recommend that foods to 
which these substances have been added should be labelled on the basis of safety, 
and withdrew its previous recommendation for labelling. 
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1. EXPLANATION 

Carotenes from natural sources were reviewed at the eighteenth, thirty-first 
and thirty-fifth meetings of the Committee (Annex 1, references 35, 77 and 88). 
At its thirty-first meeting, the Committee noted that, while there was a substantial 
toxicological database relating to carotenes and an ADI had been established for 
synthetic 13-carotene, the same ADI was not applicable to natural carotenes as they 
did not comply with the specifications for 13-carotene. 

At the thirty-fifth meeting, the Committee concluded that there was 
insufficient evidence to indicate that data relating to one species of Dunaliella algae 
could be applied to others and that the specifications of the test materials were so 
different from one another that the results of the toxicity tests could not be 
generalized. There were insufficient data to evaluate any of these materials for the 
purpose of establishing an ADI. The Committee concluded that carotene isolated 
from algal sources would be acceptable for food additive use if it was of sufficient 
purity to meet the specifications for synthetic 13-carotene. Acceptance of algal 
biomass or crude extracts of carotene from algal sources for use as food additives 
would be contingent on the provision of evidence of the safety of such materials. 

At its thirty-fifth meeting, the Committee considered limited short-term 
toxicological studies on material stated to have been prepared from three different 
algal species designated Dunaliella bardawil, D. salina and D. kona (Annex 1, 
reference 88). At its present meeting, the Committee was informed that Dunaliella 
bardawil, D. kona and D. salina were identical, and that, according to current 
nomenclature, the species used commercially was Dunaliella salina. Some of the 
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preparations produced from this species were dehydrated powders prepared by 
lyophilization or spray-drying and others were vegetable oil extracts.' 

With respect to the carotene preparations derived from extraction of 
vegetables, mainly carrots, alfalfa or vegetable oil, the Committee at the thirty-first 
meeting (Annex 1, reference 77) felt that the need for toxicity tests may be obviated 
if detailed analytical data were supplied to confirm that natural toxicants occurring 
at low levels in food/feed stuffsare not concentrated in the extract and that levels of 
use would not materially exceed the levels of exposure that would result from 
normal use. 

As no toxicological monograph has been prepared previously by the 
Committee on carotenes from natural sources, data that have been reviewed at 
previous meetings are incorporated in the present monograph along with the new 
data that have become available. Because this monograph covers the data on both 
algal and vegetable carotene preparations, a modified form of the general 
monograph format has been used, summarizing in order biological data on spray 
dried concentrated, lyophilized or dehydrated preparations of Dunaliella, then data 
on vegetable oil extracts of Dunaliella, then data on carotene extracts from carrots, 
grass alfalfa and vegetable oil. 

ALGAL CAROTENE PREPARATIONS 
SPRAY DRIED CONCENTRATED, LYOPHILIZED OR DEHYDRATED 

PREPARATIONS OF DUNALIELLA SALINA 
(syn DUNALIELLA BARD A WIL and DUNALIELLA KONA) 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution and excretion. 

Male weanling CD rats were fed ad libitum a retinol-deficient diet. After 
60 days, the retinol content of the livers was 4-5 p.g. Depleted rats were allocated 
to 9 groups of 6 animals, housed individually, and fed a retinol-deficient diet 
supplemented as follows: Group 1, retinol at 7.5 mg/kg diet; Groups 2-4, all-trans 
{J-carotene at 12, 29 or 48 mg/kg diet respectively; Groups 5-7, lyophilized 
Dunaliella contributing 29, 58 or 112 mg {J-carotene/kg diet respectively; Group 8, 
maize oil extract of Dunaliella providing 16 mg {J-carotene/kg diet; and Group 9, 
no supplementation. After seven days repletion, livers were taken for analysis for 
retinol, retinol isomers and {J-carotene. The liver analyses revealed a comparable 
content of retinol related to dose of carotene, irrespective of source whether 
synthetic, algal biomass or algal oil extract. Rats fed the algae or the algal extract
supplemented diets accumulated 9-cis retinol in addition to the all-trans isomer. 
Rats fed synthetic /J-carotene, lyophilized algae or algal oil had a liver retinol:{J-

1 Although the Committee acccepts that this report does not cover different Dunaliella species, the 
studies are summarized with original names mentioned in the reports or publications submitted. 
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carotene ratio of about 3: 1. Rats fed algae or algal oil accumulated 9-cis !)-carotene 
and all-trans !)-carotene in the liver in a ratio similar to that present in the algae. 
It was concluded that dried Dunaliella bardawil or an oil extract of the alga can 
serve as a dietary natural !)-carotene source which can satisfy the total requirement 
of retinol in rats (Ben-Amotz et al. 1988). [Note: this study is again cited below 
in discussion of absorption of oil-extracted algal carotene] 

A 45-day-feeding study with 21-day old Sprague-Dawley rats was 
performed to compare the bioavailability of four sources of !)-carotene; Spray dried 
Dunaliella salina (0.61 % !)-carotene), !)-carotene oil extract of Dunaliella salina 
(24.83 % !)-carotene), oleoresin of carrots (11.5 % !)-carotene) and synthetic !)
carotene (100 %). The diet with Dunaliella salina powder (59 g/kg diet) was 
corrected for the amount of sucrose. The diets were made equal in the percentage 
of !)-carotene, and the control diet contained 0.036 % !)-carotene. 

The rats on the Dunaliella salina diets grew more rapidly. Gross 
macroscopy at autopsy revealed no alterations in the rats. 

The bioavailability of Dunaliella salina as a source of !)-carotene and oil 
extract of !)-carotene from Dunaliella salina was higher than that of !)-carotene from 
oleoresin of carrots or synthetic !)-carotene. These results may be due to the 
presence of the extra lipids in both the dried Dunaliella salina which contains 8.6 
% lipid and the oil extract of Dunaliella salina. These results lead to the 
recommendation that dried Dunaliella salina, when used as a source of B-carotene, 
should be consumed in oil to increase B-carotene bioavailability. This is because 
activity of carotene dioxygenase, the enzyme responsible for the conversion of !)
carotene to vitamin A, is increased in the presence of oil (Ghazi et al., 1992). 

In one experiment, groups of 1-day-old white Leghorn chicks received a 
retinol-deficient semi-purified diet or a similar diet supplemented with 8.04 mg 
retinol/kg diet, or 30 mg synthetic !)-carotene/kg diet or lyophilized D. bardawil at 
1 g algae/kg diet. The algal powder contained 30 g !)-carotene and 200 g NaCl/kg 
and provided 30 mg !)-carotene/kg diet. In a second experiment, four similar 
groups were used except that the lyophilized algal powder was replaced with a 
similar concentration of drum-dried algae. The drum-dried algal powder contained 
34 g !)-carotene, 260 g NaCl, 180 g glycerol, 5.5 g chlorophyll, 210 g protein, 170 
g carbohydrate and 120 g lipid/kg (34 mg !)-carotene/kg diet). A third experiment 
utilized three groups of 15 one-day-old chicks which received retinol-deficient diet 
alone, or supplemented with lyophilized D. bardawil at 0.58 g/kg diet, or with drum 
dried algae at 1 g/kg diet. In each experiment, the chicks were assessed visually 
and weighed daily for 5 weeks and at termination serum and liver were analysed for 
retinol, !)-carotene and lutein. 

After an initial lag, the chicks grew equally well on diets containing 
retinol, !)-carotene or algae in all experiments. Serum and liver concentrations of 
retinol were normal in all cases except for the chicks receiving retinol-deficient diets 
without supplements. The serum of chicks fed the algal-supplemented diets 
contained lutein but no !)-carotene although the ratio of B-carotene to lutein in the 
algae exceeded 15: 1. 
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In a separate experiment, two groups of 3 egg-laying hens received a 
control diet containing 150 g maize meal/kg or the same diet supplemented with 4 
g lyophilized D. bardawillkg. The algal preparation contained 50 g {3-carotene and 
300 g NaCl/kg (200 mg {3-carotene/kg diet). Eggs from these hens showed an 
enhanced yolk colour attributable to lutein; no B-carotene was present in the egg 
yolk (Ben-Amotz 1986). 

2.1.2 Biotransformation 

No information available. 

2.1.3 Effects on enzymes and other biochemical parameters 

No information available. 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

2.2.1.1 Mice 

Acute toxicity of Dunaliella bardawil spray dried powder was established 
in an LD50 test with mice. A single dose of 2.5, 5.0 or 10.0 g Dunaliella 
bardawillkg diluted with CMC-Na solution was administered by oral intubation. 
The observation period was 14 days, and mortality, general symptoms, body 
weights and gross necropsy examination were recorded. The LD50 value was 
greater than 10 g Dunaliella bardawillkg for both male and female mice (Aruga, 
1987). 

2.2.1.2 Rats 

Male Sprague-Dawley rats were given dried Dunaliella by gavage at a dose 
of 5 g/kg bw and observed for the subsequent 14 days. There were neither 
mortalities nor overt signs of toxicity and all the rats gained weight during the 
observation period (Lock 1985). 

2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

In the search for an antioxidative-anticarcinogenic substance, the effects of 
repeated ingestion (no dose level given) of spray dried Dunaliella bardawil on 
mammary growth and endocrine parameters were examined in mice. In an 
additional group the mice received also the vitamin A-deficient synthetic standard 
diet supplemented with synthetic all-trans {3-carotene, whereas the control animals 
received the normal synthetic diet adequate in vitamin A. The concentration of {3-
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carotene in both test diets was 0.55 mg/kg. The ingestion of the Dunaliella 
bardawil-containing diet between 20 and 120 days of age showed no deleterious 
side-effects on mammary gland and uterine growth nor mammatrophic hormone 
secretion, these results were similar to previously-observed results in aged and 
mammary tumour-bearing mice. Puberty and body growth were accelerated by 
Dunaliella bardawil compared to the synthetic all-trans ,6-carotene (Nagasawa et al., 
1989). 

2.2.2.2 Rats 

Two groups of 10 male and 10 female weanling Sprague-Dawley rats, 
caged individually, were given powdered diets containing 0 or 10% algal ,6-carotene 
powder for 12 weeks. Body weight gain and food intake were recorded at intervals 
up to and at termination when the animals were autopsied. Weights of heart, lungs, 
liver, kidneys, spleen, gonads and adrenals were determined at autopsy and blood 
was collected for determination of serum glucose, ASAT, ALAT, alkaline 
phosphatase, uric acid, BUN, triglycerides and cholesterol. One male rat in the 
treated group died during the study from "non-specific problems" not related to 
treatment. 

Significant differences were observed in neither food intake nor body 
weight gain between treated and untreated animals of either sex and there were no 
treatment-related differences in organ weights. Except for one treated male which 
displayed elevated ASAT and ALAT levels, no significant differences were 
observed in any of the clinical biochemical parameters between treated and untreated 
animals of either sex. No histopathological examination was performed (Majnarich 
1988). 

In a 28-day toxicity study spray dried Dunaliella bardawil powder was 
orally administered to rats (5/group/sex) at dosages of 0.5 and 2.5 g Dunaliella 
bardawil/kg bw/dy. The control animals (only) received 0.5 % aqueous solution 
of sodium CMC, which was used as the vehicle for the preparation of the test article 
suspension. Toxicological parameters recorded included food consumption, body 
weight gain, urinalysis, ophthalmoscopy, haematology, serum biochemistry, organ 
weights and histopathological examination. 

In the males of the 2.5 gDunaliella bardawillkg bw/dy group a significant 
increase in the relative weight of the kidneys was noticed. Except slight changes 
in the thymus and the kidneys in a few animals of the 2.5 g Dunaliella bardawil!kg 
bw/dy group, no histopathological changes were reported. Although the effects 
were observed mainly in the kidneys, it was suggested by the authors that the 
dosage of 2.5 g Dunaliella bardawil!kg bw/dy was a NOEL (Furahashi, 1989). 
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2. 2. 3 Long-term toxicity I carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

The safety of the alga Dunaliella bardawil for food use was evaluated in 
a multigeneration study with rats. Four generations were raised on diets containing 
0, 50 and 100 g/kg of dehydrated D. bardawil. The caloric value of the diets with 
the Dunaliella bardawil preparations was adapted by lowering the amount of starch. 
Each experimental group comprised 10 males and 20 females. Starting with an F0-

generation 3 other generations (F1 - F3) were raised. The rats of the F0-generation 
were kept on the different diets for 1 year and 5 male and 5 female rats were 
studied for general toxicological effects. No significant differences were observed 
between the rats consuming algae and the controls, of any generation, in general 
appearance, behaviour, growth, reproductive performance or gross pathology. The 
only effect of D. bardawil powder observed was a significantly increased relative 
kidney weights. The blood chemistry and haematology of the first-generation ani
mals, after 1 year on the diets, showed no appreciable differences between the 
experimental and control animals. The only differences in histopathology observed 
were a decrease in some chronic inflammations, a slightly higher frequency of 
metaplasia of the renal pelvis epithelium with ectopic nephrocalcinosis in the renal 
papillae and an increased frequency of focal bronchopneumonia in rats fed 10 g 
algae/kg feed when compared with the controls. The latter effect may be attributed 
to the powdery nature of the algal diet. Although at dose levels effect were 
recorded on the kidneys and which were not explained, the authors concluded that 
this multigeneration feeding study may be indicative of the safety of D. bardawil for 
human consumption (Mokady et al., 1989). 

2.2.5 Special studies on genotoxicity 

A mutagenicity study (Ames test) in Salmonella typhimurium TA 98, TA 
100, TA 1535 and TA 1537 and Escherichia coli WP2 uvrA both with and without 
activation by a liver microsomal S-9 mix was performed at dose levels of 312.5, 
625, 1 250, 2 500 and 5 000 Jig Dunaliella bardawil paste/plate. Dunaliella barda
wil was not mutagenic in any strain (Aruga, 1988). 

2.3 Observations in humans 

Nine subjects were maintained on a low-carotene diet for two weeks and 
serum carotene levels were then determined. For the next ten days the volunteers 
took a daily dose of the powdered algal preparation providing 75 000 IU {3-carotene 
(approx 135 mg) in capsule form. Serum carotene was measured on days 7 and 10 
of treatment. There was considerable interindividual variation in response to the 
same dose of carotenes, both in absolute values and in the treatment-dependent 
increase in serum concentration of carotene. In six of the subjects the serum level 
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of carotene continued to rise between the seventh and tenth day of the study while 
in three others there was a slight fall in this period. One subject with normal serum 
carotene levels at the outset showed virtually no response to treatment. No adverse 
effects due to ingestion of the algal preparation were reported (Cyanotech, 1988). 

ALGAL CAROTENE PREPARATIONS 
VEGETABLE OIL EXTRACT OF DUNALIELLA SALINA 
(syn DUNALIELLA BARD A WIL and DUNALIELLA KONA) 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution and excretion. 

In an experiment fully described in section 2.1.1 describing results with 
spray dried concentrated, lyophilized or dehydrated preparations of Dunaliella, male 
weanling CD rats were fed a retinol-deficient diet ad libitum. After depletion, rats 
were allocated to groups and fed a retinol-deficient diet supplemented with one of: 
retinol; all-trans {3-carotene; lyophilized Dunaliella; maize oil extract of Dunaliella; 
and no supplementation. After seven days repletion, livers were taken for analysis 
of retinol, retinol isomers and {3-carotene. The liver analysis revealed a comparable 
content of retinol related to dose of carotene, irrespective of source i.e. synthetic, 
algal biomass or algal oil extract. It was concluded that dried Dunaliella bardawil 
or an oil extract of the alga can serve as a dietary natural {3-carotene source which 
can satisfy the total requirement of retinol in rats (Ben-Amotz et al. 1988). 

2 .1. 2 Biotransformation 

No information available. 

2.1.3 Effects on enzymes and other biochemical parameters 

No information available. 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

No information available. 

2.2.2 Short-term toxicity studies 

No information available. 
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2. 2. 3 Long-term toxicity I carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

No information available. 

2.2.5 Special studies on genotoxicity 

The commercial, carotene-rich com oil extract of Dunaliella salina was 
inactive in an in vitro primary hepatocyte unscheduled DNA synthesis assay (Cifone 
1987). 

The extract was negative in an assay of forward mutation at the HGPRT 
locus in cultured Chinese hamster ovary cells, with or without metabolic activation 
with rat liver S9 fraction. A dose-related cytotoxicity was noted at concentrations 
above 2.0 ~-tllml without S9 and above 10.0 ~-tllml in the presence of S9 (Young 
1987). 

The material was not mutagenic in the Salmonella/microsome assay (Ames 
test) with Salmonella typhimurium strains TA-1535, TA-1537, TA-1538, TA-98 and 
TA-100 with or without metabolic activation (Jagannath 1987). 

In an in vivo mouse micronucleus assay using adult ICR mice, the 
commercial carotene extract did not induce a significant increase in micronuclei in 
bone marrow polychromatic erythrocytes (Ivett 1987). 

2.3 Observations in humans 

After a depletion period of 10 days on a low-carotene diet, 12 male and 
20 female healthy adults were randomly assigned to one of five treatment groups. 
Two groups received capsules of carotene obtained by vegetable oil extraction of 
Dunaliella salina providing I)-carotene at levels of 8 or 24 mg and a-carotene at 
levels of 1.1 or 3.2 mg respectively. Two further groups received carrots (69 .1 or 
207.3 g respectively) that provided a similar amount of I)-carotene to the Dunaliella 
salina extract groups; the corresponding amounts of a-carotene were 6.3 and 18.9 
mg respectively. A fifth group received placebo capsules. The subjects received 
the treatment for seven days and then underwent another depletion phase of 7 days. 

Treatment with carotene capsules or carrots led to an expected increase in 
serum a- and I)-carotenes, with the higher dose treatments being less efficient per 
mg carotene consumed. The encapsulated algal carotenes were more efficient at rai
sing serum values per mg fed, consistent with other reports that carotenes are better 
absorbed from oily solution than a vegetable matrix (Jensen et al. 1985). 
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In a study on the bioavailability of cis- and trans-{J-carotenes, 16 healthy 
adults, who had been on a low-carotene diet for ten days, were fed either {J-carotene 
extracted from Dunaliella salina alga, containing approximately equal amounts of 
all-trans-{J-carotene and 9-mono-cis-{J-carotene, or {J-carotene in the form of fresh 
carrots containing predominantly trans-{J-carotene, or avocado oil-placebo capsules. 
Subjects were randomly divided into three groups: they consumed daily in a single 
dose either 3 {J-carotene capsules (24 mg {J-carotene), 207.3 g carrots (24 mg {J
carotene); or 3 {J-carotene free placebo capsules for seven days. HPLC 
determinations of serum trans-cis {J-carotene ratios showed trans {J-carotene to be 
the predominate serum isomer before and during all treatments. Serum trans-{J
carotene concentrations were significantly increased in the {J-carotene capsules and 
carrot groups. Cis-{J-carotene concentrations were increased in the carrot and place
bo groups. However, the serum isomer increments for those taking {J-carotene 
capsules and carrots strongly favoured trans-{J-carotene over cis-{J-carotene. These 
data demonstrate a predominant absorption of intact trans-{J-carotene over intact cis
{J-carotene into human serum even when approximately equivalent amounts of these 
isomers were ingested. This selective absorption of intact {J-carotene isomers might 
be a factor in their biopotency in humans (Jensen eta!., 1987). 

CAROTENE EXTRACTS FROM VEGETABLES 
(Carrots, alfalfa and vegetable oil) 

2. BIOLOGICAL DATA 

2 .1 Biochemical aspects 

No information available. 

2.2 Toxicological studies 

No information available. 

2.3 Observations in humans 

The acute effects of consuming a- and {J-carotene from carrots on serum 
a-carotene and {J-carotene levels were investigated in 17 adult subjects (18-58 years 
of age). After a 10-day low-carotene diet, the subjects were randomized into three 
groups based on day 6 {J-carotene levels. On day 11, fasting baseline blood was 
drawn. Either 3 carrots, 1 carrot or 3 placebo capsules were then consumed 
following a low-carotene breakfast. Blood was drawn 1, 2, 3, 4, 5, 7 and 24 hours 
post-treatment and a- and {J-carotene levels were determined by HPLC. Treatment 
of 3 carrots yielded significantly greater peak a- and {J-carotene levels in serum at 
5 hours post-treatment than did treatments with 1 carrot or 3 placebos. These 
results suggest the best condition for drawing blood samples to assess the serum 
carotene status of adults is at fasting state and that significant alterations in serum 
can occur within 5 hours of a carotene rich meal (Jensen eta!., 1986). 
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3. COMMENTS 

Few new toxicological data have become available since the previous 
review by the Committee (Annex 1, reference 88). There were no data from long
term toxicity or teratogenicity studies, although a multigeneration study on 
dehydrated Dunaliella bardawil ( = salina) in rats did not reveal any adverse effects 
on reproductive performance or gross fetal morphology. However, a NOEL was 
not identified in this study, as animals of the F0-generation maintained on diets 
containing 5% and 10% algal carotene for one year showed renal pathological 
changes. In addition, there was focal bronchopneumonia at the higher level. 
Although the renal changes (metaplastic changes in the pelvic epithelium and 
nephrocalcinosis) might have been due to nutritional imbalance, this was not clearly 
established. The focal bronchopneumonia observed in the lung at the higher dose 
level may have been associated with inhalation of powdered diets, although both 
low-dose and control rats also received powdered diets without showing similar 
effects. The Committee considered that the available short-term toxicity studies 
inadequate for establishing an ADI because of the small numbers of animals tested, 
lack of or inadequate histopathological examination, or inadequate reporting. 

There were virtually no systematic toxicological studies available on the 
oil-extract of alga. Available data on the dried material could not be extrapolated 
to the oil extract since the specifications are quite different and lipophilic materials 
may have been concentrated during the oil extraction process. 

4. EVALUATION 

The Committee considered the data inadequate to establish an ADI for the 
dehydrated algal carotene preparations or for the vegetable oil extracts of Dunaliella 
salina. There is no history of use of Dunaliella algae as food. 

No relevant toxicological data on vegetable extracts were available. 
However, the Committee concluded that there was no objection to the use of 
vegetable extracts as colouring agents, provided that the level of use did not exceed 
the level normally present in vegetables. Implicit in this conclusion is that the 
extracts should not be made toxic by virtue of the concentration of toxic compounds 
(including toxicants naturally occurring in the vegetables) nor by the generation of 
reaction products or residues of a nature or in such amounts as to be toxicologically 
significant 
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1. EXPLANATION 

Hydrogenated glucose syrups were evaluated at the twenty-fourth, twenty
seventh, and twenty-ninth meetings of the Committee (Annex 1, references 53, 62, 
and 70). A temporary ADI was allocated at the twenty-seventh meeting, with the 
requirement that the results of a lifetime feeding study be submitted. At the twenty
ninth meeting the Committee concluded that the previously-requested lifetime 
feeding study was not necessary because hydrogenated glucose syrups are fully 
metabolized to natural body constituents. An ADI "not specified" was allocated, 
which applied to hydrogenated glucose syrups that met the established specifications. 

At the thirty-third meeting (Annex 1, reference 83) the specifications for 
hydrogenated glucose syrups were revised and retitled "maltitol syrup". The 
Committee confirmed that the ADI "not specified" previously allocated to 
hydrogenated glucose syrups applied to maltitol syrup meeting the revised 
specifications. In addition, an ADI "not specified" was allocated to maltitol, which 
was specified as having a minimum 98% purity. 

A combined long-term toxicity/carcinogenicity study in rats using a 
commercial product has now been completed, which is summarized in this 
monograph addendum. 

2. BIOLOGICAL DATA 

2 .1 Biochemical aspects 

No new information. 
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2.2 Toxicological studies 

2.2.3 Long-term toxicity/carcinogenicity study 

2.2.3.1 Rats 

In a combined long-term toxicity/carcinogenicity study a commercial 
preparation containing approximately 87% maltitol was fed to Crl:CD(SD)BR male 
and female rats at doses equal to 0, 0.5, 1.5, or 4.5 g/kg bw/day. [The highest 
dose corresponded to an average of about 10% of the commercial product in the 
diet.] Rats were maintained on these diets for 52 weeks in the long-term study (20 
animals/sex/group) or for 106 weeks in the carcinogenicity study (50 
animals/sex/group), after which they were killed. 

In both experiments animals were examined daily for signs of ill health or 
behavioral changes. Food consumption and body weights were recorded 
immediately prior to the start of administration of the test compound, at weekly 
intervals for the first 12 weeks, and then every 4 weeks until the end of the 
experiment. Animals were inspected twice daily for mortality, and those found dead 
or sacrificed "in extremis" , as well as those killed at the end of the study, were 
subjected to complete necropsies and organs were removed, weighed, and histologi
cally examined. Caecum and colon diameters were measured in the long-term 
study. 

Ten animals/sex/group were subjected to ophthalmoscopic examination 
prior to the start of treatment and at weeks 13, 26, and 52 in the long-term study. 
Haematological examinations, blood chemistry tests, and urinalyses were performed 
on 10 animals/sex/group at weeks 14, 26, and 51 in this study. 

Results of the long-term toxicity study 

No animals in the mid- or high-dose groups died. Three animals in the 
control group and four in the low-dose group died, most of which were caused by 
accidents; none of these deaths was related to treatment. No treatment-related 
clinical signs were noted. Treatment had no effect on body weight. Sporadic 
differences in food consumption were noted in males, with no apparent trend. Mean 
food consumption was significantly less in high-dose females at 12 and 52 weeks 
than in the other groups. No treatment-related eye abnormalities were observed. 
Sporadic differences were observed in haematological parameters but, except for a 
decrease in leukocytes in mid-dose females, none of these differences were observed 
at all observation times. Occasional significant differences were observed in blood 
chemistry and urinalysis parameters, but none of these differences were major and 
most of them were not dose-related. No treatment-related effects were observed 
after gross or histopathological examination. A significant increase in the caecum 
diameter of high-dose males was observed, which was due to higher values in 3 out 
of 20 rats. A trend toward a decrease in caecum diameter was observed in low- and 
high-dose females when compared to controls. The NOEL in this study was the 
highest dose tested, 4.5 g commercial product/kg bw/day (Conz & Fumero, 1989). 
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Results of the carcinogenicity study 

Mortality was not affected by treatment. No treatment-related clinical 
signs were noted. Body weights of all treated males and of high-dose females were 
comparable to those of animals in their respective control groups. Mean body 
weights of low- and mid-dose females were slightly lower than those of controls, 
which reached statistical significance only occasionally, including weeks 100 and 
104. Food intake was not affected by treatment. No gross pathological treatment
related changes were observed in any organs, including the intestine and caecum. 
Occasional masses or nodules of the adrenal glands were observed, but they were 
not dose-related and the highest frequencies were within the control incidences 
observed in 2-year carcinogenicity studies in rats of the same strain performed in 
the same laboratory. 

Histopathological changes related to treatment were observed in the adrenal 
gland. The findings are summarized in Table 1. Both benign and malignant 
phaeochromocytomas, when considered either separately or together, occurred with 
higher incidence in both males and females in the high-dose group when compared 
with the control group. In addition, slight to moderate medullary hyperplasia 
occurred at an increased frequency in all treated groups when compared to controls. 
The trend test showed a significant increase in females, with a significant difference 
between high-dose females and the control group. 

Table 1. Histopathological changes observed in the adrenal gland in the carcinogenicity study in rats 

Sex/ M F 

Dose Level' 0 0.5 1.5 4.5 0 0.5 1.5 4.5 

Phaeochromocytoma 

Benign 8 4 10 20 2 2 4 10 

Malignant 6 12 4 10 2 2 2 4 

Total 14 16 14 30 4 4 6 14 

Medullary hyperplasia 24 32 38 32 14 22 24 34 

150 adrenal glands/sex/group were examined except for the mid-dose males, in which 49 were examined. 

An increased incidence of mammary gland adenocarcinomas was observed 
in females: 4/50 (8.0%), 2/43 (4.6%), 8/50 (18.6%, P=0.054), and 10/50 (20.0%, 
P=0.044) in the controls and low-, mid-, and high-dose animals, respectively. 
Although the trend was significant (P=0.013), the incidences at the two highest 
doses were barely significantly different than the controls. Increased incidences of 
mammary gland adenomas or fibroadenomas were not observed. The incidences of 
mammary gland adenocarcinomas were within the historical control incidences of 
mammary gland adenocarcinomas in female rats in the same laboratory in 7 studies 
carried out between 1978 and 1989, which have ranged from 0 to 22% (Conz & 
Maraschin, 1992). 
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3. COMMENTS 

At its present meeting, the Committee reviewed a recently completed 
combined long-term toxicity/carcinogenicity study, in which a commercial 
preparation containing approximately 87% maltitol was administered in the diet of 
Sprague-Dawley rats at levels equal to 0, 0.5, 1.5, or 4.5 g/kg bw/day for either 
52 weeks (toxicity study) or 106 weeks (carcinogenicity study). No adverse effects 
were observed in the toxicity study. In the carcinogenicity study, histopathological 
changes related to treatment were observed in the adrenal gland, which included 
increased incidences of both benign and malignant phaeochromocytomas in male and 
female rats in the high-dose group and an increased frequency of slight to moderate 
adrenal medullary hyperplasia in all treated groups. A slightly increased incidence 
of mammary gland adenocarcinomas was observed in female rats at the 1. 5 and 4. 5 
g/kg bw/day doses, however the incidence was within the range reported in the 
historical control. Increased incidences of mammary gland adenomas or 
fibroadenomas were not observed, and the combined incidences of mammary gland 
adenocarcinomas and adenomas were not increased. For these reasons, the 
Committee did not consider the increase in mammary gland adenocarcinomas to be 
related to treatment. 

4. EVALUATION 

Previous Committees have taken cognisance of adrenal medullary lesions 
in rats associated with high intake levels of poorly-absorbed polyols when allocating 
AD Is to them (Annex 1, reference 62). In line with earlier conclusions regarding 
the significance of these lesions, the Committee confirmed the ADI "not specified" 
for maltitol and maltitol syrup that meet the specifications established at the present 
meeting. The Committee recommended that the information database on adrenal 
medullary hyperplasia and phaeochromocytomas associated with polyols and other 
poorly-absorbed carbohydrates be reviewed and that mechanisms of the appearance 
of these lesions and their toxicological significance be assessed at a future meeting. 
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1 EXPLANATION 

Saccharin was evaluated by the Committee at its eleventh, eighteenth, 
twenty-first, twenty-fourth, twenty-sixth and twenty-eighth meetings (Annex 1, 
references 14, 35, 44, 53, 59, and 66). At the twenty-first meeting, the Committee 
changed the previously unconditional ADI of 5 mg/kg bw to a temporary ADI of 
0-2.5 mg/kg bw and withdrew the conditional ADI of 0-15 mg/kg bw for dietetic 
purposes only. This decision was based primarily on results of animal studies which 
indicated that excessive and long-term ingestion of saccharin might represent a 
carcinogenic hazard. At the twenty-fourth and twenty-sixth meetings, the temporary 
ADI of 0-2.5 mg/kg bw was extended pending the completion of ongoing 
investigations, including a long-term feeding study in rats and a large-scale 
epidemiological study. At the twenty-eighth meeting, the results of a 2-generation 
feeding study in rats and epidemiological data were reviewed and the temporary 
ADI was again extended, pending the evaluation of further data on bladder 
histopathology from the 2-generation study and information to elucidate the 
mechanism by which the compound produced bladder tumours. These data, along 
with recent epidemiological studies, were reviewed at the present meeting, and are 
summarized in this monograph addendum. 

2 BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

The disposition of saccharin has been discussed in the previous monograph 
and monograph addendum. In addition, a good review of these aspects of saccharin 
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is presented in Renwick (1985). The main features of saccharin disposition are 
presented here. 

The disposition of saccharin is influenced by its acidic properties. With 
a pK. of 2.2, saccharin exists predominantly in the un-ionized form in acidic media 
from which it is more readily absorbed. It is nearly completely ionized at 
physiological pH (in body fluids). Saccharin is more completely absorbed from the 
stomachs of species with low pH (guinea pig- pH 1.4; rabbit- pH 1.9) than from 
those with a higher pH (rat - pH 4.2) (Ball 1973; Minegishi et al. 1972). In the 
higher pH of the intestines, it is slowly absorbed, and rapidly eliminated in the 
urine. Following administration of a single oral dose of saccharin in rats and 
humans, peak plasma levels of saccharin were rapidly achieved (Sweatman and 
Renwick 1980; Sweatman et al. 1981). However, clearance of saccharin from the 
plasma was prolonged. Intravenous administration results in rapid elimination of 
saccharin in the rat and human. Consequently, prolonged plasma clearance 
following oral administration was attributed to slow and incomplete absorption from 
the intestines. The presence of food in the gut was associated with a reduced initial 
peak plasma concentration in animals (Matthews et al. 1973; Sweatman and 
Renwick 1980) and in man (Sweatman et al. 1981). 

The extent of faecal excretion has been used as an indicator of unabsorbed 
saccharin following an oral dose. On the basis of results from studies of i. v. 
administration, only a very small percentage of absorbed saccharin appears in the 
faeces. Measurement of the extent of faecal excretion of orally administered 
saccharin indicated that gastrointestinal absorption was incomplete and variable in 
the rat, with the percentage of the administered dose recovered in the faeces ranging 
from 3-39% (Renwick 1985). For the most part, higher doses were associated with 
higher faecal concentrations of saccharin. In humans, 1-8% was recovered in the 
faeces following doses of 2 g/person (Sweatman et al. 1981). 

Urinary excretion has also been used as a measure of gastrointestinal 
absorption since it is the main route of excretion for absorbed saccharin and since 
saccharin does not undergo detectable biotransformation. In rat feeding studies in 
which saccharin and its salts were incorporated into commercial rat chow at levels 
of 5 or 7.5%, approximately equal amounts of ingested saccharin were excreted in 
the urine and faeces (Anderson et al. 1987b; Fisher et al. 1989). By contrast, the 
administration of the same level of sodium saccharin in a semi-purified diet (AIN-
76A) resulted in the urinary excretion of 10-20 times more saccharin compared with 
the faeces, indicating that absorption from the GI tract had been more extensive 
(Fisher et al. 1989). 

The gastrointestinal absorption of orally-administered saccharin in man was 
85% based on urinary excretion and area under plasma concentration-time curves 
(Sweatman et al. 1981). Almost 80% of the daily dose was recovered in the urine 
of human volunteers receiving 1 g of saccharin (as the sodium salt)/ day for 4 weeks 
(Roberts and Renwick 1985). 
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Saccharin was found to bind reversibly to plasma proteins (Renwick 1985). 
The extent of binding showed a wide range: 3%, 24-35% and 69-86% in the rat and 
70-80% in man. Following a single oral dose to adult rats, saccharin was found to 
be distributed to most organs with the highest concentrations in the organs of 
elimination (kidney and bladder) followed by the plasma (Matthews et al. 1973; 
Lethco and Wallace 1975; Ball et al. 1977; Sweatman and Renwick 1980). The 
steady-state concentrations of saccharin in adult male rats fed 1-10% saccharin in 
the diet were consistent with the observations from these single-dose studies. There 
is no evidence of bioaccumulation of saccharin in any tissue. Placental transfer of 
saccharin to the fetus has been observed in rats (Ballet al. 1977), monkeys (Pitkin 
et al. 1971) and humans (Cohen-Addad et al. 1986). 

As indicated above, the urine is the principal route of elimination for 
saccharin after both oral and parenteral dosing. Renal tubular secretion is the major 
mechanism of elimination in both rats and humans as indicated by the reduction in 
plasma clearance of saccharin when administered with probenecid, an inhibitor of 
the renal tubular secretion of anions. Glomerular filtration is not considered to be 
as important a mechanism due to the high degree of plasma protein binding of 
saccharin. Renal tubular secretion is a saturable process and plasma concentrations 
of saccharin greater than 200 ~-tg/ml have been associated with saturation in the rat 
(Sweatman and Renwick 1980). Dietary levels of saccharin exceeding 5% resulted 
in accumulation of saccharin in the plasma and tissues due to decreased renal 
clearance. However, decreased renal clearance was not detected following 
administration of an oral dose of 2 g in humans which produced a peak plasma 
concentration of 40 ~-tg/ml (Sweatman et al. 1981). 

2.1.2 Biotransformation 

The consensus of the most recently conducted research in a number of 
experimental species or humans is that saccharin is not metabolized (Renwick 1985). 
In addition, radiolabelled saccharin did not bind to the DNA of the liver or bladder 
of rats in vivo (Lutz and Schlatter 1977), indicating that saccharin was not 
metabolized to an electrophilic compound. 

2 .1. 3 Effects on enzymes and other biochemical parameters 

The high concentrations of sodium saccharin in the lumen of the 
gastrointestinal tract due to dietary administration of sodium saccharin resulted in 
the decreased activity of a number of digestive enzymes of the pancreas and 
intestines. Saccharin is an inhibitor of urease and proteases in vitro (Lok et al. 
1982) and feeding saccharin in the diet causes accumulation of protein and 
tryptophan and its metabolites in the caecum (Sims and Renwick 1985). 

Saccharin also led to the inhibition of carbohydrate digestion which 
resulted in the faecal elimination of polysaccharides. The in vitro activities of 



SACCHARIN AND ITS SALTS 108 

amylase, sucrase and isomaltase were inhibited by the presence of saccharin 
(Renwick 1989). 

Feeding male rats a diet containing 5% sodium saccharin for 14 days did 
not result in induction of hepatic cytochrome P-450 (Hasegawa et al. 1984). 

The administration of 7. 5 % sodium saccharin to rats in both 1- and 2-
generation feeding studies had no effect on hepatic concentrations of cytochrome P-
450, cytochrome b5, cytochrome P-450 reductase, arylhydrocarbon hydroxylase 
activity or glutathione content per mg protein. Hepatic dimethylnitrosamine-N
demethylase activity was increased in both neonatal and adult male and female rats 
fed a high dietary concentration of sodium saccharin (Heaton and Renwick 1991a). 

Sulfate conjugation of phenol in vivo was reduced in both male and female 
rats fed a 7.5% sodium saccharin diet in a 2-generation protocol. The maximum 
effect was detected in neonatal animals at 5 weeks of age. Dietary supplementation 
with cysteine restored sulfate conjugation, indicating that the effect was caused by 
poor availability of sulfur-containing amino acids rather than inhibition of the 
sulfotransferase enzyme (Heaton and Renwick 1991b). 

2.2 Toxicological Studies 

2. 2.1 Long-term toxicity I carcinogenicity studies 

There have been no additional 2-generation carcinogenicity studies on 
saccharin since the IRDC study which was available as unpublished data at the 
twenty-eighth meeting in 1984. The data for this study have been published 
(Schoenig et al. 1985). The tumour incidence data for the urinary bladder of F 1 

male rats were the same as those reported in the previous monograph addendum 
(Annex 1, reference 67) with the exception that the incidence of total tumours at 3% 
sodium saccharin in the diet was 1.7%, not 1.6% as then reported. The no
observed effect level was 1% in the diet, although the application of a threshold 
dose-response model to the data suggested a threshold close to 3% (Carl borg 1985). 

The bladder histology studies have been re-evaluated under blind conditions 
with the result that higher incidences of papillomas and carcinomas were reported 
in both the control and lower treatment groups and the apparent increases in 
transitional cell carcinomas and combined neoplasms in the 3% group were found 
to be not statistically significant (p=0.25 and 0.41, respectively). The blind 
reevaluation confirmed that the 1 % dietary level of sodium saccharin had no 
carcinogenic nor proliferative effect on the bladder epithelium (Squire 1985). 

Although no new 2-generation study has been reported in rats or other 
species, studies on promotion of bladder carcinogenicity used control groups in 
which the animals received 5% sodium, calcium and acid saccharin in the diet 
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without treatment with an initiator. After 2 years or 72 weeks, respectively, of 
feeding with sodium saccharin, the incidence of simple hyperplasia was higher than 
that in untreated controls. The incidence of papillomas and carcinomas of the 
bladder was comparable in the sodium-saccharin-treated groups and untreated 
controls (Hasegawa et al. 1985; Cohen et al. 1991). 

Nodular hyperplasia but no papillomas or carcinomas were detected in the 
bladder epithelium of male rats given 5% sodium saccharin in the diet for a period 
of 112 weeks, starting at 7 weeks of age (Hibino et al. 1985). 

2.2.2 Special studies on promoting activity 

The promotion of known bladder carcinogens by high dietary 
concentrations of sodium saccharin has been detected only in rats (Fukushima et al. 
1983a). Administration of 5% sodium saccharin in the diet does not increase the 
incidence of bladder tumours in mice initiated with 2-acetylaminofluorene (Frederick 
et al. 1989). 

High dietary concentrations of sodium saccharin (5.0% of the diet or 2.0 
g/kg bw/dy from drinking water) promoted the effects of known bladder carcinogens 
such as methyl-N-nitrosourea (MNU) (Hicks et al. 1973), N-[4-(5-nitro-2-furyl)
thiazolyl]formamide (FANFT) (Cohen et al. 1979), N-butyl-N-(4-
hydroxybutyl)nitrosamine (BBN) (Nakanishi et al. 1980b) and 2-acetylaminofluorene 
(AAF) (Nakanishi et al. 1982). Feeding rats with high concentrations of sodium 
saccharin following an insult such as freeze ulceration causes increases in nodular 
hyperplasia (Murasaki and Cohen 1983) and in bladder tumours (Hasegawa et al. 
1985). Promotion of the effect of bladder carcinogens is not sex-specific and has 
been reported in both male (Cohen et al. 1979) and female (Hicks et al. 1978) rats. 
The sex specificity of promoting activity has been studied in male and female F344 
rats given BBN as an initiator and up to 5% sodium saccharin as the promoter. 
Papillomas and carcinomas were not detected, but both sexes showed a similar dose
response for sodium saccharin-related simple hyperplasia and papillary or nodular 
hyperplasia (Nakanishi et al. 1980a). 

Administration of a diet containing 5 % sodium saccharin to rats increased 
DNA synthesis in the urinary bladder, but not in liver or forestomach. It did not 
affect ornithine decarboxylase activity (a molecular marker of tumour promotion) 
in these organs (Tatematsu et al. 1986). An increase in DNA synthesis in the 
urothelium is produced by a number of promoters of diverse structure (Shibata et 
al. 1989c). 

Transitional cell carcinomas of the urinary bladder in rats initiated with 
F ANFT treatment for 4 or 6 weeks followed by long-term treatment with sodium 
saccharin or other promoters have been analyzed for the presence of H-ras gene 
activation. There was evidence of increased expression of the ras gene product, 
p21, in transitional cell carcinomas and of H-ras gene mutations. The compounds 
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used in the promoting phase had essentially no effect on H-ras mutation, and the 
authors concluded that the effects observed were due to the F ANFT initiation phase 
(Masui et al. 1990, 1991). 

Proto-oncogenes may contribute to the development of malignancy when 
their structure or expression is altered, and ras gene activation in particular has been 
demonstrated in 5-17% of human urinary tract tumours (Fujita et al. 1984, 1985). 
Similar activation of the ras gene has been demonstrated in animals treated with the 
bladder carcinogens BBN and FANFT (Jones and Wang 1989; Sawczuk et al. 
1987). The expression of ras p21 has been studied using immunohistochemical 
techniques in normal urothelium as well as in urothelial lesions in rats from long
term promotion studies using FANFT. Immunoreactivity with ras p21 antibody was 
demonstrated in urinary bladder lesions of more than 50% of rats treated with 
FANFT alone or FANFT followed by sodium saccharin (0.2 or 5.0% in the diet). 
Immunoreactivity to ras p21 was not observed in rats treated with sodium saccharin 
alone. More recent studies by the same authors have confirmed the mutational 
activity of the H-ras gene in rat urinary bladders induced by FANFT and the lack 
of any effect of sodium ascorbate or sodium saccharin on this activation (Masui et 
al. 1990, 1991). 

2.2.3 Special studies on genotoxicity 

The results of genotoxicity studies with saccharin are summarized in Table 
1. 

Table 1. Genotoxicity studies with saccharin. 

Test System Test Object Concentration of Results Reference 
saccharin 

Cell mutation/- Human RSa cells 10 - 22.5 mg/ml Positive Suzuki and 
ouabain resistance Suzuki 1988 

In vitro Chinese hamster 8- 16 mg/ml Positive Ashby and 
chromosomal lung fibroblasts lshidate 1986 
aberration 

In vivo ICR/Swiss male 0, 0.5, 1.0 and 1.5 Positive Prasad and Rai 
chromosomal mice g/kg bw/day, p.o. 1987 
aberration for 24 weeks 

Dominant lethal ICR/Swiss male 0, 1 and 2 g/kg Positive Prasad and Rai 
and female mice bw/12 h x 5, p.o. 1986 

Insect genotoxicity Drosophila 0.5, 5.0 and 50 Negative Lamm et al. 
melanogaster, mg in nutrient 1989 
meiosis repair media 
deficient 

A review by Ashby (1985) presents evidence that the positive results 
obtained in genotoxicity studies with saccharin, mostly showing clastogenicity, 
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probably do not involve covalent interaction of saccharin with nuclear DNA, but are 
more probably the result of ionic imbalances at the high concentrations used in the 
assays. The low systemic toxicity of saccharin to mammals and their constituent 
cells in culture has allowed the use of exceptionally high dose levels in genotoxicity 
assays. It was concluded that the structural disturbances of eukaryotic cells in vitro 
and very weak intermittent activity in vivo were equivalent to and comparable to the 
genotoxic profile for sodium chloride. 

The different salts of saccharin (at 8-16 mg/ml) showed equal clastogenic 
activity in Chinese hamster lung cells (Ashby and Ishidate 1986), indicating that 
both ionic and osmotic changes to the medium may be critical determinants of the 
observed clastogenic effects. Mutagenicity and/or chromosome aberrations due to 
sodium chloride at high concentrations have been demonstrated recently using mouse 
lymphoma cells (Brusick 1986; Moore and Brock 1988) and Saccharomyces 
cerevisae (Parker and von Borstel 1987). Sodium chloride was included as a control 
in a study on human RSa cells and gave a small non-significant increase at a 
concentration equivalent to the high concentration of sodium saccharin (0 .11M) 
(Suzuki & Suzuki 1988). However, the results of this study are difficult to interpret 
because the prolonged exposure to high concentration of sodium ion and chloride 
ion may have affected Na+fK+ -ATPase activity, and sodium and chloride channels, 
thereby altering intracellular sodium concentration and sensitivity to ouabain. 

Positive results have also been reported in 2 recent studies in which mice 
were dosed with solutions prepared by dissolving commercial saccharin tablets in 
water (no information was given on the salt form, purity or the excipients present). 
In one study, a dose-related increase in the incidence of chromosomal abnormalities 
in bone marrow and meiotic cells (not specified) was reported (Prasad and Rai 
1987). This finding contrasts with a report that administration of saccharin at 20 
g/L (salt not specified) in drinking water for 100 days affected neither bone marrow 
cells nor dividing spermatocytes (Leonard and Leonard 1979). 

The second study using commercial saccharin tablets involved a dominant 
lethal test. An increased incidence of dead implants was reported in the females 
mated with saccharin-treated male mice (Prasad and Rai 1986). 

A positive dominant lethal test had been reported previously in a study in 
which mice were treated with a 1. 72% solution of sodium saccharin, again prepared 
by the dissolution of commercial saccharin tablets manufactured in India and 
administered as drinking water (Sanjeeva Rao and Qureshi 1972). 

In contrast to these studies, pure sodium saccharin has been shown to be 
negative in dominant lethal studies using male mice treated at 5 g/kg/day for 5 days 
(Machemer and Larke 1973); using male and female mice treated at 2 g/kg/day for 
10 weeks (Larke and Machemer 1975); and using male mice given either a single 
intraperitoneal injection (2 g/kg) or 2% saccharin in the drinking water for 100 days 
(Leonard and Leonard 1979). The positive findings also conflict with the negative 
data from multi-generation feeding studies in mice (Kroes et al. 1977). 
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2.2.4 Special studies on cell transformation 

Malignant transformation of cultured human foreskin fibroblasts occurred 
when the cells were exposed to a non-toxic concentration of sodium saccharin (50 
j.tg/ml) after being released from the G1 phase, followed by exposure to either N
ethyl or N-methylnitrosourea. The combination of nitrosourea and saccharin was 
necessary for the observation of transformation (Milo et al. 1988). 

Prolonged exposure (up to 89 days) to sodium saccharin (6 or 12 mM; 
approximately 1-2 mg/ml) caused hyperplastic and other abnormal cellular changes 
in cultures of bladder epithelial cells from female rats (Knowles et al. 1986). A 
subsequent study (Knowles and J ani 1986) showed that treatment of the culture with 
N-methylnitrosourea (MNU) resulted in the appearance of preneoplastic epithelial 
foci and that treatment with sodium saccharin (12 mM) following a low dose of 
MNU (25 j.tg/ml) resulted in a very small but apparently significant significant 
increase in such foci. The incidences of such lesions were 0/896 for MNU alone 
and 3/1096 for MNU followed by saccharin. The parameters for determining 
significance were not indicated. No concurrent controls were run for this 
experiment and the incidence in controls from a different experiment run in the 
same series was 6/863. In contrast to the foci produced by high doses of MNU 
alone (250 j.tg/ml), none of the foci produced by MNU (25 J.tg/ml) followed by 
saccharin gave cell lines that were tumorigenic in vivo. 

The combined effects of sodium saccharin with MNU on in vitro explants 
of female rat bladders were also studied. MNU alone exhibited severe and 
extensive cytotoxicity to both the urothelium and stroma, while sodium saccharin 
(0. 5% in the medium) as well as sodium cyclamate and cyclophosphamide produced 
changes in the urothelium consistent only with hyperplasia, demonstrating globular 
and pleomorphic microvilli. Treatment with a low dose of MNU (100 j.tg/ml) after 
exposure to sodium saccharin (0.1 or 0.5% for 28 days) elicited more extensive 
abnormalities. On the basis of these in vitro data, the authors suggested that 
saccharin may have initiating activity in a multistage process, a conclusion which 
is at variance with the large body of information on the mechanism of action of 
saccharin (Norman et al., 1987). 

Sodium saccharin (6 mM) did not produce proliferating epithelial foci in 
bladder explants from female rats but increased the numbers of foci in explants 
treated with MNU (50 or 100 j.tg/ml) prior to exposure to saccharin. Cultured cell 
lines from foci derived from explants treated with MNU alone and MNU + 
saccharin formed tumours when injected into mice (Nicholson and Jani 1988). 

The urothelial transforming activity of sodium saccharin in vitro has been 
studied using epithelial cells derived from male rat bladders and treated with 2-
amino-4-(5-nitro-furyl)thiazole (ANFT), a water-soluble metabolite of FANFT. 
Prolonged treatment with ANFT (1 J.tg/ml), but not sodium saccharin (25 J.tg/ml), 
transformed the cells in vitro as evidenced by morphological changes, the ability to 
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grow on plastic, and tumorigenicity when injected into mice. Exposure to sodium 
saccharin and ANFT produced effects similar to ANFT alone, while urea (0.05%) 
may have enhanced the effects of ANFT. The absence of "promotion" in this study 
compared with those presented above may have arisen from the lower concentration 
of sodium saccharin employed (Mann et al. 1991). 

A model of promotion of bladder carcinogenicity has been reported in 
which male Fischer 344 rats were given the bladder carcinogen BBN (0.05%) for 
3 weeks, followed by the possible promoter for 9 weeks. At termination, the 
urinary bladders were removed, digested with collagenase and DNAase and the 
number of colonies able to grow on double soft agar was determined. Growth in 
double soft agar is considered indicative of transformation (Hamburger and Salmon 
1977; Colburn et al. 1978). In this test system, 9 weeks of dietary administration 
of 5% sodium saccharin, 1% D-tryptophan, DL-, D-, or L-leucine and DL- or L
isoleucine all significantly increased the numbers of colonies growing in vitro. 
Dietary administration of 2% L-tryptophan did not significantly increase the 
numbers of colonies. Treatment of the rats with BBN for 6 weeks in the absence 
of a putative promoter resulted in a high yield of colonies (Hashimura et al 1987). 

High concentrations of the sodium, potassium and calcium salts of 
saccharin (100-200 mM; equivalent to 18-36 mg/ml) are toxic to the A Y27 line of 
transformed rat bladder epithelial cells. Comparable toxicity was shown by sodium 
ascorbate but not by sodium, potassium or calcium chlorides. The authors claim 
that these observations are of relevance because such high concentrations of sodium 
and saccharin are present in the urine of rats fed saccharin-containing diets. 
However, the intra-cellular concentration of the saccharin anion in vivo is much 
closer to that of plasma which is about 10-fold less than that in urine (Garland et al. 
1989a). 

2.2.5 Special studies on the effect of saccharin on urine composition and 
bladder epithelial proliferation 

Statistically significant, dose-related changes in urinary parameters 
(increased Na+ concentration, increased urine volume and decreased osmolality) 
have been found to precede and to occur in association with tumour development 
in the urinary bladder of male rats. A large number of studies have been conducted 
to establish the effect of factors modifying these non-neoplastic responses on 
subsequent outcomes of the treatment on the bladder epithelium. 

2.2.5.1 Salt form 

Feeding different salts of saccharin (sodium, potassium, calcium and acid) 
for 10 weeks resulted in different effects on [3H]-thymidine labelling in the urinary 
bladder epithelium (Hasegawa & Cohen 1986). Dietary ingestion of the sodium salt 
resulted in the highest labelling index (0.6±0.2%), the potassium salt resulted in 
a weak, but significant, effect (0.2±0.1 %), the calcium salt resulted in a 
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questionable and non-significant effect (0.1 ±0.1% ), while the acid form 
(0.07±0.04%) gave a result similar to controls (0.06±0.04%). In each of these 
cases, the bladder epithelium was exposed to similar concentrations of the saccharin 
anion in the urine. Dietary ingestion of the sodium and potassium salts of saccharin 
were associated with an increased urine volume and slightly higher urine pH 
(sodium salt only) compared with untreated controls, while a decrease in urine pH 
and no change in urine volume was found in the calcium and acid saccharin groups. 

These findings were essentially confirmed in a subsequent study in which 
male rats were fed diets containing 200 11mol/g of the different salt forms 
(equivalent to 5% sodium saccharin) for 10 weeks. Simple hyperplasia of the 
bladder epithelium was noted in the rats ingesting the sodium and potassium salts, 
but not in those ingesting the calcium or free acid forms. The effect was 
independent of the total urinary saccharin or urinary concentration of saccharin 
(Anderson et al. 1988a). 

Based on the finding that the sodium, potassium, calcium and acid forms 
of saccharin differed in the extent to which they produced epithelial proliferation in 
the bladder of the male rat in the presence of similar concentrations of saccharinate 
anion, Williamson and coworkers investigated the possibility that differences in the 
ionic concentration of urine could result in differences in the electronic structure of 
the saccharin molecule itself. Using nuclear magnetic resonance spectroscopy, the 
electronic structure of the saccharin molecule was observed in the presence of 
varying concentrations of hydrogen, potassium, sodium, calcium, magnesium, 
bicarbonate and urate ions. The presence of these ions at physiological levels did 
not significantly alter the electronic structure of the saccharin molecule (Williamson 
et al., 1987). 

A recent study has extended these short-term observations to a full 
initiation-promotion study in which male rats were given 0.2% dietary FANFT for 
6 weeks followed by various treatments for 72 weeks. Treatments included doses 
of sodium saccharin equivalent to the bottom (3%) and middle (5%) of the dose
response as reported in the IRDC 2-generation bioassay (Schoenig et al. 1985). 
Sodium saccharin in Prolab diet produced a dose-related increase in the incidence 
of bladder carcinoma over that in FANFT-initiated controls. Calcium saccharin also 
produced a statistically significant increase of bladder carcinomas but equimolar 
dietary concentrations of acid saccharin did not produce a significant increase in the 
incidence of bladder tumours. 

The observation that co-administration of ammonium chloride (NH4Cl) with 
5% sodium saccharin abolished the promoting activity was of equal or greater 
significance to the data for the different salt forms of saccharin. The urine pH of 
animals given sodium saccharin following F ANFT initiation was slightly, but 
significantly higher (by about 0.1 - 0.2 pH units) than that of the corresponding 
controls, while calcium saccharin caused a slight decrease in urine pH. In contrast, 
the urine pH of animals given saccharin acid or sodium saccharin + NH4Cl was 1 
pH unit less than that of the corresponding controls. The study also showed that 
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administration of calcium saccharin with sodium chloride or sodium saccharin with 
calcium carbonate resulted in promoting activity similar to that with sodium 
saccharin alone. In addition, sodium chloride itself had a significant tumour
promoting effect. The authors concluded that the enhancing factors for promotion 
of bladder carcinogenesis in the rat by compounds such as sodium saccharin are a 
high urinary sodium concentration, a high urinary pH ( > 6.5) and possibly an 
increase in urine volume (Cohen et al. 1991). 

A study in which a range of compounds was given to male F344 rats for 
16 weeks reported that 5% sodium saccharin caused an approximately 5-fold 
increase in labelling index. Sodium bicarbonate produced a 10-fold increase and a 
combination of sodium saccharin and sodium bicarbonate gave an approximately 
additive effect (Debiec-Rychter and Wang 1990). 

2.2.5.2 Anion specificity 

High dietary concentrations of the sodium salts of other organic acids 
( > 1%) have also been tested for their ability to enhance DNA synthesis or 
hyperplasia of the urinary epithelium of the rat or act as promoters of bladder 
carcinogenesis. 

In initiation-promotion models, the sodium salts of the following 
compounds were found to act as promoters of bladder carcinogenesis in the rat: 
ascorbate (Fukushima et al. 1983b, 1983c, 1984, 1986a and b); Cohen et al. 
1991b); erythorbate (Fukushima et al. 1984); o-phenylphenate (Fukushima et al. 
1983d); citrate (Fukushima et al. 1986c); bicarbonate (Fukushima et al. 1986a, 
1988a). All of these salts increased urine pH and sodium excretion compared with 
untreated controls. Promotion of bladder carcinogenesis was not caused by the 
corresponding acids erythorbic acid (Fukushima et al. 1987a); o-phenylphenol 
(Fukushima et al. 1983d); or nitrilotriacetic acid (Kitahori et al. 1988). 

Sodium hippurate, which was not a promoter, increased urinary sodium 
excretion, but did not significantly increase urine pH (Fukushima et al. 1983b, 
1986b). 

One study did not show a promoting effect for sodium citrate or sodium 
ascorbate in an initiation-promotion protocol despite the expected increase in urinary 
sodium concentrations and demonstrated increase in urine pH (Inoue et al. 1988). 
The period for promotion in this study was 20 weeks as compared with 32 weeks 
in the positive studies. 

Co-adminstration of ascorbic acid with salts which increased urine pH and 
elevated urinary sodium concentrations (sodium bicarbonate or potassium 
bicarbonate but not calcium carbonate or magnesium carbonate), resulted in 
promoting activity (Fukushima et al. 1986a, 1987b, 1988a, 1988b). Administration 
of the sodium salts of ascorbic acid and nitrilotriacetic acid in conjunction with 
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ammonium chloride (sodium ascorbate and trisodium nitrilotriacetate) resulted in 
decreased urinary pH and decreased promoting activity (Fukushima et al. 1986a; 
Kitahori et al. 1988). 

These data showing the importance of urine pH are consistent with the 
report that co-administration of sodium ascorbate with sodium saccharin enhances 
bladder tumour promotion in male rats. The co-administration of ascorbic acid with 
sodium saccharin both lowered the urine pH (by about 1 pH unit) compared with 
sodium saccharin on its own and abolished the promoting activity (Fukushima et al. 
1990)] 

Similar results were obtained in studies with administration of high doses 
of organic acids either alone or in combination with other acidifying and alkalinizing 
salts using increased DNA synthesis and urothelial hyperplasia as the endpoints. 
Those treatments which caused a marked increase in urinary pH, sodium 
concentration and urine volume were associated with increased epithelial hyperplasia 
of the urinary bladder (5% ascorbic acid- Shibata et al. 1989b; 6% monosodium 
glutamate - De Groot et al. 1988). 

Sodium bicarbonate fed at a level of0.64% of the diet for 104 weeks study 
resulted in elevated urinary pH and Na+ concentration, but did not result in 
pleomorphic microvilli or a significant increase in bladder tumour incidence 
(Fukushima et al. 1989). These findings suggest that although elevated urinary 
sodium concentrations and elevated pH are necessary co-factors in bladder tumour 
promotion, they are not sufficient stimulus for bladder tumour formation in the 
absence of an initiator. 

2.2.5.3 Urine volume 

The possible promoting activity arising from an increase in urine volume 
without a marked change in urine pH or sodium ion concentration has been studied 
using the diuretics acetazolamide and furosemide. Acetazolamide (0.35%) 
decreased the urine osmolality and increased fluid intake but lacked promoting 
activity in one study (Fukushima et al. 1983b). However, that study showed limited 
sensitivity in demonstrating the effects of 5% sodium saccharin and 5% sodium 
ascorbate. 

A more recent initiation-promotion study using acetazolamide (0.35%) has 
reported significant promoting activity, but these effects were not shown to be 
independent of a change in pH since acetazolamide also increased the urine pH from 
6.7 to 7.4 (Masui et al. 1988b). 

Furosemide treatment 250 mg/kg, 3 times weekly for 32 weeks) was not 
a promoter of bladder carcinogenesis in male F344 rats. The dose produced an 
increase in urine volume, a slight increase in urine pH, but did not increase urinary 
sodium ion concentration (Shibata et at. 1989a). These data suggest that an increase 
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in urine volume in the absence of changes in pH and sodium ion concentration does 
not result in the promotion of bladder carcinogenicity. 

2.2.5.4 Diet and rat strain 

Feeding rats 5 or 7.5% sodium saccharin in commercial diets, i.e. Prolab 
and Purina for 4 or 10 weeks resulted in an increased PH]thymidine labelling index 
in the bladder epithelium. However, a greatly diminished or negligible increase in 
labelling index was observed when the same concentrations were incorporated into 
NIH-07 (a crude cereal-based diet) or AIN-76A (a purified diet) diets. Diet-related 
differences in urine volumes and urine pH were implicated as being contributory 
factors since rats fed 7.5% sodium saccharin in the AIN-76A diet had the lowest 
urine volume and the lowest pH compared with Purina diet. The urinary 
concentration of saccharin per se was highest in the group fed saccharin in the AIN-
76A diet (this was the group which showed no increase in labelling index) indicating 
that the urinary concentration of saccharin is not a critical factor. The F344 strain 
was more sensitive to saccharin-induced hyperplasia and increases in the [3H]
thymidine labelling index than were Sprague-Dawley rats (Garland et al. 1989b). 

In a similar study, sodium and calcium saccharin were fed to male F344 
rats at 5% in either Prolab 3200 or AIN-76A diets to assess the effects on urinary 
parameters. The urine volume was actually greater in rats fed the AIN-76A diet 
containing saccharin than in the corresponding Prolab group and the urinary 
saccharin concentration was less. The urine pH was about 1.5 units lower in the 
urine from rats fed with the AIN-76A diets compared with those fed the Prolab diets 
(Fisher et al. 1989). 

A full initiation-promotion study with sodium saccharin has shown that 
dietary levels of 5% do not act as a promoter of bladder carcinogenesis if given to 
rats in the AIN-76A diet (Okamura et al. 1991). This is consistent with an earlier 
observation with this diet (!maida and Wang 1986). 

The basal diet has been shown to play a similar critical role in the 
promotion of bladder carcinogenesis by sodium ascorbate (Mori et al. 1987). The 
nature of the basal diet also influences the urinary changes associated with the 
administration of monosodium glutamate (De Groot et al. 1988). 

2.2.6 Special studies on the basis of sex/species specificity of carcinogenic 
effects of saccharin 

Crystals and flocculent precipitate have been observed in the urine of rats 
fed sodium saccharin for four weeks (Cohen et al. 1989). Milky flocculent 
precipitate has also been noted in the urine of rats fed 5% sodium saccharin in a 
chronic study which was more pronounced in males than in females and was found 
to contain saccharin and protein (Arnold et al. 1980). 
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In preliminary evaluations, a correlation was demonstrated for individual 
rats between early appearance of the precipitate, consistent appearance over the 
course of the study and the subsequent severity of "bladder effects" over a 10-week 
treatment period (cited Cohen and Garland 1992). 

A number of methods have been used to quantify this urinary precipitate. 
Visual inspection of the filtered urine showed that a white precipitate was frequently 
noted on the filters from male rats treated with sodium saccharin, but rarely on the 
filters from control male rats, control and treated female rats and control and treated 
male and female mice. In addition, precipitate was not noted in the filtered urine 
of rats treated with acid saccharin. A turbidity assay which measured absorbance of 
the urine at 620 nm showed that urine turbidity was increased by feeding of sodium 
saccharin to rats (information on sex not available but presumed to be male), at 
levels exceeding 3% and with sodium ascorbate at 6.84%. The urine turbidity of 
rats treated with lower levels of saccharin or with acid saccharin, ascorbic acid, 
sodium saccharin with ammonium chloride or sodium saccharin in AIN-76A semi
synthetic diet was similar to that in untreated rats (cited in Cohen and Garland 
1992). 

Gel filtration of the protein component of the urinary precipitate showed 
it to migrate with low molecular weight proteins including a 2"-globulin (Cohen et 
al. 1990). Binding of saccharin to urinary proteins is minimal at a pH of 5.5, but 
increases with increasing pH. Treatments which were associated with a urinary pH 
less than 6. 5 did not result in the formation of a urinary precipitate or in the 
production of proliferative changes in the bladder (cited in Cohen and Garland 
1992). 

A study was conducted to determine whether a 2u-globulin plays a role in 
the development of bladder lesions in sodium saccharin-treated rats. The effects of 
sodium saccharin on urinary parameters and bladder morphology were compared in 
NCI-Black-Reiter (NBR) male rats which do not synthesize a 2u-globulin, castrated 
male F344 rats which have lower a 2u-globulin levels, and intact male F344 rats. 
Scanning electron microscopy and light microscopy showed that 7. 5 % sodium 
saccharin in the diet had less of an effect on the bladders with respect to 
morphological changes (simple and proliferative hyperplasia) of the NBR rats than 
in the intact F344 rats, and the results from the castrated F344 rats were 
intermediate between the intact F344 and NBR male rats. The ability of saccharin 
to bind in vitro to urinary proteins was much less with NBR rat urine than with 
urine from intact F344 rats. Urine from castrated F344 rats was not tested. 
Binding was predominantly to proteins of low molecular weight in the F344 rat and 
equally divided between low and higher MW proteins in the NBR rat. Although 
urine volume and sodium concentration were elevated, urine pH was actually 
decreased in sodium saccharin-treated rats as compared with respective controls, but 
still exceeded values of 6.5. The NBR rats had in general a much greater urine 
volume, so that urinary concentration of solutes was decreased. Visual inspection 
indicated that a white precipitate was occasionally present in the urine of untreated 
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rats, in the majority of urine samples collected from sodium saccharin-treated intact 
and castrated F344 rats and in approximately half of the sodium saccharin-treated 
NBR rats. The presence of a 2u-globulin was detected using Western blot analysis 
in the urine from intact male F344 rats, very low levels in the urine from female 
F344 rats and none in the urine from NBR rats. Data for the castrated rats were 
not available from this study, but levels are reported to be intermediate between 
those of intact and NBR rats. The results of this experiment demonstrated a 
relationship between urinary a 2u-globulin levels, binding of saccharin to urinary 
proteins and morphological changes in the bladder (Garland et at. 1992a). 

The Committee was not convinced that this evidence showed that a 2u
globulin has a role in bladder carcinogenesis. 

2.2. 7 Special studies on the possible significance of exposure to saccharin 
through lactation 

The physiological changes in young male rats that had been exposed to 
sodium saccharin from parturition (up to 5% in the diet) have been compared to 
those detected in animals exposed only from weaning and to controls. The results 
at 10 weeks after weaning showed that exposure during lactation slightly enhanced 
the effects of saccharin compared to animals exposed only from weaning. The 
animals exposed from parturition showed a significantly lower urine osmolality, 
lower body weight and lower food intake and a non-significant increase in urine 
mass, bladder mass and bladder hyperplasia compared with those exposed after 
weaning (Anderson et al. 1988b). 

Administration of a diet containing 7. 5 % sodium saccharin during a 2-
generation protocol resulted in anaemia in both dams and pups and a severe 
reduction in post-natal body weight (35% by day 30). This observation had been 
made previously in weanling rats from the IRDC long-term study (Schoenig et al. 
1985). Saccharin-treated pups, 28-30 days old, showed the typical saccharin-related 
changes in the gastrointestinal tract (increased caecum weight and moist faeces) and 
in the urine (increased volume and decreased osmolality, increased Na + and 
decreased K+ and ca++). Pups raised on saccharin-containing diets had elevated 
serum concentrations of cholesterol, triglycerides and Vitamin E, and decreased 
concentrations of Vitamin A and folate in the serum and liver compared with 
untreated controls (Garland et al. 1991a). 

A subsequent investigation at dietary concentrations of 0, 1, 3 and 7. 5 % 
sodium saccharin using a two-generation protocol, investigated these findings in 30-
day-old pups in more detail. The effects of sodium saccharin on anaemia, serum 
folate and Vitamin A were dose-dependent, while the effect on serum concentrations 
of vitamin E, cholesterol and triglycerides was biphasic, with a decrease at 1% and 
3% and an increase at 7. 5% in the diet. These effects were mostly reversible by 
90 days of age. At 7.5% in the diet, there was a decrease in liver weight which 
was associated with a decrease in glycogen and an increase in the numbers of lipid 
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vacuoles. The dietary NOEL for sodium saccharin-induced changes in the liver and 
for anaemia was estimated to be 1% (Garland et al. 1991b). 

These nutritional and biochemical effects resemble findings in pups of iron
deficient dams, and further studies were conducted to see whether iron and/or folate 
supplementation could counteract the effects of 7.5% dietary sodium saccharin in 
pups up to 30 days old. Iron supplementation reversed some of the biochemical 
changes, but had no effect on the majority of the urinary changes which are 
typically observed with high dietary levels of sodium saccharin and implicated with 
enhancing the epithelial hyperplasia of the bladder. It is likely that the biochemical 
changes in the neonatal rat described above are a consequence of iron deficiency 
which is an indirect effect of sodium saccharin treatment and probably independent 
of urinary and bladder effects (Garland et al. 1992b). 

Cohen and his associates have proposed that during the neonatal period 
newborn rats are uniquely sensitive to the mitogenic effects of saccharin on the 
urothelium. In this model, the importance of exposure to sodium saccharin during 
the this period arises from the fact that approximately one third of the total lifetime 
mitoses of the urothelium occur within the first 3 weeks of life (Cohen and Ellwein 
1991). A significant increase in cell proliferation rates due to sodium saccharin 
administration during the 3 weeks after birth (Masui et al 1988a), coupled with the 
background probability of spontaneous genomic errors would substantially increase 
the number of initiated cells (Cohen and Ellwein 1990). 

The critical event(s) occurring during the neonatal phase, leading to an 
increased population of initiated cells, has not been identified. 

2.2.8 Special studies on the effects of saccharin on digestion 

The caecal enlargement which results from feeding high dietary 
concentrations of saccharin to rats is accompanied by an increase in the total 
numbers of micro-organisms (Mallett et al. 1985). Since saccharin has been shown 
to inhibit the activity of digestive enzymes mediating hydrolysis of complex 
carbohydrates, as well as that of several proteases and urease (Section 2.1.3), this 
increase in the numbers of caecal bacteria suggests a large increase in nutrient 
availability for microorganisms in the lower GI tract. 

A study was performed to investigate a possible connection between the 
saccharin-mediated decrease in hydrolysis of complex carbohydrates and altered 
urinary parameters (increased urine volume, concomitant bladder mass increase and 
decreased osmolality) in the male rat. However, when the starch component of the 
5% saccharin-containing diet was replaced with an equivalent amount of glucose, 
the effect on caecal enlargement was the same, leading the authors to conclude that 
in addition to inhibiting carbohydrate digestion, 5% sodium saccharin in the diet of 
rats also inhibited intestinal transport of glucose. A diet low in carbohydrates (3% 
sucrose) resulted in a smaller increase in caecal volume compared with diets 
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containing various forms of carbohydrates at a level of 65%. It abolished the 
increase in relative urine volume and bladder mass noted in the carbohydrate-fed 
groups even though low-carbohydrate groups had a comparable increase in water 
intake. The authors concluded that the responses of urinary parameters in rats 
ingesting high doses of sodium saccharin were dependent on the effects of sodium 
saccharin on carbohydrate metabolism and glucose transport from the intestine. 
However, they did not take into consideration the effects of the high concentrations 
of cellulose and fat in the low-carbohydrate diet on the absorption of water from the 
GI tract. They also did not comment on the fact that absorption of ingested 
saccharin was markedly decreased in rats on the low carbohydrate diet compared 
with the 65 % carbohydrate diets; only 31 % of the ingested dose of saccharin was 
excreted in the urine compared with 67-83% in the carbohydrate diets (Anderson 
et al. 1987a). 

Measurement of the caecal contents of the rat has shown that sodium 
saccharin ingestion increases the total protein content of the caecum (Sims and 
Renwick 1985) and produces dose-related increases in the urinary excretion of the 
bacterial amino acid metabolites, indican and p-cresol, which are known to have 
promoting or co-carcinogenic properties (Lawrie et al. 1985; Lawrie and Renwick 
1987). The toxicological significance of these abnormal metabolic profiles is 
uncertain. 

Comparison of the extent of hyperplasia of the bladder epithelium in rats 
fed diets containing 5% sodium saccharin and/ or 1. 5% indole has demonstrated that 
indole per se does not contribute significantly to hyperplasia in the urinary bladder 
(Anderson et al. 1989). 

Administration of 1 g/day of sodium saccharin to humans did not alter the 
urinary excretion of these bacterial amino acid metabolites (Lawrie and Renwick 
1987). 

A mechanism of action involving enhanced microbial activity in the gut 
resulting from excess undigested carbohydrates and protein in saccharin-treated rats 
was not apparent. 

2.3 Observations in humans 

Epidemiology studies on the possible assoctatton between saccharin 
ingestion and bladder cancer in humans covering the period up to 1983 were 
reviewed. The studies and conclusions included in this review were mentioned in 
the previous monograph addendum (Annex 1, reference 67), including a meta
analysis of 8 of the studies which concluded that the relative risk associated with 
ingestion of saccharin and subsequent development of bladder cancer was close to 
one for males, females or both sexes combined (Morgan and Wong 1985). 

Since the review of 1985, there have been additional epidemiology studies 
published which considered the potential effect of saccharin on the urinary bladder. 
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A novel study using autopsy specimens reported on the histological changes in 
sections from the urinary bladder in humans in which the numbers of cell rows and 
the presence and extent of cells with atypical nuclei were recorded. A total of 6503 
sections from 282 patients were examined. No relationship was found between the 
changes in the bladder epithelium and the use of artificial sweeteners in general 
(Auerbach and Garfinkel 1989). 

Another important study was published by the group which had previously 
reported a significantly increased saccharin-related risk for males (odds ratio 1.6) 
but not females (Howe et al., 1977). The more recent case-control study used 826 
histologically-verified cases of bladder cancer (compared with 480 men and 152 
women in the earlier study). The relative risk for the use of a number of artificial 
sweeteners, including saccharin, did not suggest an association with bladder cancer 
in either males or females (Risch et al. 1988). 

Two studies attempted to identify the principal risk factors for bladder 
cancer in Spain using 406 patients with bladder cancer (353 males and 53 females) 
and age-matched controls from the same hospital who did not have any malignant 
disease. Consumption of wine with "gaseosa", which contains saccharin and 
cyclamate, was associated with an enhanced risk of bladder cancer in males although 
there was no association between alcohol ingestion and bladder cancer (after 
stratification for smoking). The authors did point out, however, that the wine 
consumed with gaseosa was typically of low quality and contained large amounts of 
impurities. Consequently, the low quality of the wine was an additional risk factor 
(Bravo and Del Rey-Calero 1987). 

In a related paper, discriminant analysis was applied to the data obtained 
from the same patients (not presented) in order to identify and rank factors 
increasing the risk of bladder cancer. Use of artificially-sweetened beverages 
ranked fourth and use of artificial sweeteners themselves ranked eighth. The 
number of cigarettes smoked was the most important factor. Saccharin was not 
specifically mentioned (Bravo et al. 1987). 

A small case-control study (194 bladder cancer patients and the same 
number of age- and sex-matched controls) conducted in Turkey reported a 
statistically significant association (p < 0. 05) between the use of artificial sweeteners 
and the development of bladder cancer. The authors did not distinguish between the 
use of specific sweeteners and only 19 cases and 8 controls reported using these 
substances. In addition, there was no investigation of the possible influence of 
confounding factors (Akdas et al. 1990). 

Two population-based case-control studies in the U.S.A. concluded that 
there was no link between consumption of artificial sweeteners and bladder cancer. 
One study was conducted with 173 female patients with bladder cancer and had only 
two categories of use of artificial sweeteners, that being 100 times or more life-time 
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use of artificially-sweetened beverages or tabletop sweeteners or less than 100 times 
use (Piper et at. 1986). 

The second study investigated the potential of increased volume of fluid 
intake or of specific fluids, including artificially-sweetened beverages, to increase 
the risk of bladder cancer. No association was found between the volume of intake 
of artificially-sweetened beverages and bladder cancer (Slattery et at. 1988). 

A case-control study with 117 patients apparently showed no association 
between saccharin consumption and bladder cancer (the data were not presented) 
(Iscovitch et at. 1987). Although this study was small compared with some 
previous investigations, it was of sufficient power to show that cigarette smoking 
was a major risk factor. 

An update of the earlier review of Morgan and Wong (1985) in which most 
of the above-mentioned studies were analyzed, was provided. In addition, they 
added two of these studies to the meta-analysis performed previously. The 
conclusions from this meta-analysis were the same as those in the previous paper: 
the relative risk from the combined data of 15 studies indicated that there was no 
association between ingestion of saccharin and development of bladder cancer 
(Elcock and Morgan 1992). 

A study which investigated the correlation between the urinary excretion 
of the microbial amino acid metabolites indican, p-cresol and phenol (which have 
been shown to be co-carcinogenic or promoters) and bladder cancer was conducted 
in thirty-two patients with histologically-confirmed carcinoma of the urinary bladder 
and a similar number of matched controls. There was wide variability between 
individuals in the excretion of these metabolites, but no difference was detected 
between the two groups (Renwick et at. 1988). 

3. COMMENTS 

An independent assessment of the bladder histopathology data from the 
most recent two-generation feeding study in rats that was reviewed at the twenty
eighth meeting revealed the presence of transitional cell papillomas and carcinomas 
in the control group. This assessment reduced concern over setting the NOEL at 
a dose where tumours were observed and it eradicated the statistical significance of 
the increase in tumour incidence at the 3% dietary level. Application of a dose
response model to the carcinogenicity data suggested a threshold for carcinogenesis 
close to 3% saccharin in the diet. This is the dietary level at which saturation of 
renal tubular secretion occurs in the rat and anaemia and other biochemical changes 
occur in weanling rats. In this study, the absolute and relative weights of the 
urinary bladder of treated rats were significantly higher than those of controls when 
sodium saccharin was included in the diet at levels of 3 % or higher. 

The rat is the only species that has been reported to show an increase in 
the incidence of bladder tumours at high dietary concentrations of sodium saccharin 
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in a 2-generation study. Apart from mice, studies in other species have not included 
neonatal exposure to saccharin at levels above the maximum tolerated dose. The 
Committee concluded from the long-term feeding studies that the dose-related 
carcinogenic activity of sodium saccharin on the urinary bladder was specific to the 
male rat and that exposure during the neonatal period was critical for the subsequent 
development of these tumours in the absence of an initiator or stimulus such as 
freeze ulceration. The critical events during the neonatal phase that lead to an 
increase in the population of initiated cells have not been identified. 

The Committee considered the genotoxic potential of saccharin on the basis 
of its physicochemical properties and results from in vitro and in vivo assays. At 
physiological pH, saccharin exists almost exclusively as the anion. As such, the 
parent compound does not resemble an electrophilic chemical carcinogen that would 
bind to DNA, nor has it been shown to bind to DNA in vivo. Because it is not 
metabolized, it is not converted to an active metabolite. On the other hand, sodium 
saccharin has exhibited clastogenic activity in a number of in vivo and in vitro 
genotoxicity assays. Since high concentrations of sodium saccharin were used in 
these assays, it has been suggested that the clastogenic activity could be attributable 
to ionic imbalances at the chromosomal level at high concentrations. The 
clastogenic activity is also in disagreement with the results of the long-term studies 
and tumour-initiation promotion studies with sodium saccharin. 

The conditions required for the hyperplastic and tumour-promoting 
activities of high dietary concentrations of saccharin (usually 5% or higher) on the 
urothelium in the male rat are an increased urinary concentration of sodium ion and 
an elevated pH. The response does not appear to be specific to saccharin, since 
high dietary concentrations of other organic anions have been shown to promote 
bladder carcinogenesis and induce urothelial hyperplasia under the same conditions. 
The differences in tumour-promoting activities observed between organic acids and 
their sodium salts were unrelated to the urinary concentration of the parent organic 
molecule. 

The Committee was not convinced that the available evidence implicated 
o:2"-globulin in bladder carcinogenesis. The Committee also noted that a proposed 
mechanism of action involving enhanced microbial activities in the gut, resulting 
from excess undigested carbohydrates and protein in rats administered saccharin in 
the diet had been investigated without any conclusive evidence. 

The epidemiological studies on saccharin did not show any evidence that 
saccharin ingestion increases the incidence of bladder cancer in human populations. 

The Committee accepted that, on the basis of data reviewed to date, it 
would be inappropriate to consider the bladder tumours induced in male rats by 
sodium saccharin to be relevant to the assessment of a toxicological hazard to 
humans. 

4. EVALUATION 

In re-assessing saccharin, the Committee considered that the 1 % dietary 
level in the most recent 2-generation feeding study in rats, equivalent to 500 mg/kg 
bw/day, was appropriate for establishing an intake causing no relevant toxicological 
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effects. This was based on the observation that, although dose levels of up to 7.5% 
sodium saccharin in the diet had no adverse effect on survival, the animals 
demonstrated a marked disturbance of homoeostasis at levels of 3 % and higher. In 
particular, persistent dose-related decreases in body weight gain in the presence of 
increased food consumption are indicative of decreased biological performance and 
were probably related to the inhibitory effects of saccharin on carbohydrate and 
protein digestion. A no-effect level of 500 mg/kg bw/day was also observed in a 
long-term toxicity study in monkeys reviewed at the twenty-sixth meeting (Annex 
1, reference 60). 

The Committee allocated a group ADI of 0-5 mg/kg bw/dy to saccharin 
and its calcium, potassium, and sodium salts, based on the NOEL of 500 mg/kg 
bw/day in the 2-generation long-term feeding study in rats and a safety factor of 
100. 
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increases extraordinarily as its concentration in water increases. When fiber 
concentration in water is increased from 1 to 3 g/1, the relative viscosity of pectin 
increases from 1.8 to 3.2, the relative viscosity of CMC increases from 4.6 to 10.4, 
and the relative viscosity of konjac flour increases from 5.7 to 171.2 (water was 
arbitrarily assigned a viscosity of 1.0). 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

Due to the B-glycosidic linkages between the glucose and mannose building 
blocks (B-1---4linkages in the main chain and B-1-+3 linkages at the branch points) 
konjac flour is commonly regarded as a non-digestible polysaccharide. Because of 
its high water solubility, conferred mainly by attached acetyl groups, konjac flour 
is also classified as a soluble fiber. Following alkali treatment or heating, konjac 
flour loses acetyl groups and forms a gel. Gelling is thought to result from cross
linking, mainly through hydrogen-bonding between konjac flour moieties that are 
deficient in acetyl groups (Nishinari et at., 1992). 

Since konjac flour's polymeric structure is assumed to render it unavailable 
for intestinal degradation or absorption, konjac flour is commonly believed to pass 
through the gastrointestinal tract unaltered. Although no studies have been 
performed for evaluating the possible degradation or hydrolysis of konjac flour in 
the intestinal tract, formation of oligo- and mono-saccharides from konjac flour has 
been observed in the presence of 1N sulfuric acid at 100°C (Japan Food Research 
Laboratories, 1984). 

2. 2 Toxicological studies 

2.2.1 Acute toxicity studies 

Table 1 summarizes the results of acute toxicity studies with konjac flour: 

Table 1. Acute toxicity studies with konjac flour 

Species 

Mouse 

Rat 

Rat 

Sex 

M&F 

M&F 

M&F 

Route 

oral1 

oral' 

inbalation2 

> 2800 mg/kg bw 

> 5 000 mg/kg bw' 

>0.0015 mg/1 

Rabbit M & F dermal2 > 2 000 mg/kg bw 
(1) Test substance was tdenufted as konJac mannan. 
(2) Test substance was identified as konjac flour. 
(3) This was tbe only dose tested. 

Reference 

Oketani et al., 1984 

Kotkoskie et al., 1992 

Kotkoskie et al., 1992 

Kotkoskie et al., 1992 
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2.2.2 Short-term toxicity studies 

In a study conducted to determine appropriate doses for a subsequent 
embryotoxicity study, Burger and coworkers (1992) fed diets containing 2% carob 
gum (controls) or 2% konjac flour (Test substance identified as konjac flour from 
Amorphophallus oncophyllus from Thailand) to two groups of 15 adult female 
British domestic short-hair cats for eight weeks. Feed consumption and body weight 
were monitored throughout the study. Although no data were presented, report 
stated that both diets had digestibility coefficients similar to typical canned cat 
foods. In addition, body weights of cats fed diets containing 2% konjac flour 
increased more than body weights of cats fed the control diet during the study. 
Mean body weight gain in adult female cats during the 8-week period was 59±3 
g/wk for controls (2% carob gum) and 86±5 g/wk for konjac flour-fed cats; 
however, the respective mean feed consumption was 190±8 g/day and 181±12 
g/day (Burger et al., 1992). 

2.2.3 Long-term toxicity/carcinogenicity studies 

No information was available. 

2.2.4 Reproduction studies 

No information was available. 

2.2.5 Special studies on anti-carcinogenic effects 

A diet containing refined konjac was evaluated for its effects on the 
incidence of spontaneous liver tumours in C3H/He mice; these tumours generally 
occur in60-70% of one-year-old mice of this strain. At seven weeks of age, groups 
of 30 male mice were fed either a powdered commercial diet (control group) or the 
same diet to which 10% konjac flour (identified as konjac mannan) had been added 
(konjac flour group). At one year of age, all animals were necropsied and the 
number and size of liver tumour nodules were determined. There was a slight 
decrease in the number of animals with liver tumours in the konjac flour group 
(control: 63% of 24 mice; konjac flour: 48% of 23 mice) and a statistically 
significant decrease (p < 0. 05) in the mean number of tumour nodules per mouse in 
the konjac flour group (control: 1.1; konjac flour: 0.5). However, mean tumour 
size was not altered. Weight gain in the 10% konjac flour diet group was lower 
(p < 0.05) than that in the control diet group throughout the experiment, but there 
was no change in total feed intake between the control and konjac flour-treated 
mice. While feed efficiency was decreased in konjac flour-treated mice compared 
to controls (control: 2.9%; konjac flour: 2.3%), the decrease was not statistically 
significant. In this study, spontaneous liver tumours in C3H/He mice were inhibited 
by maintaining the mice on a diet containing 10% konjac flour, although the 
reviewers note that animals maintained on this diet consumed approximately 10% 
fewer calories per day than control animals (Mizutani and Mitsuoka, 1982). 
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In another study by the same authors the effect of a diet containing 5% 
konjac flour on the incidence of colon tumours induced by 1,2-dimethylhydrazine 
(DMH) in rats was studied. Five-week old male Fisher 344 rats (20/group) were 
fed either a commercial diet (414 kcal/100 g) or a similar diet containing 5% konjac 
flour (identified as konjac mannan, diet had an energy content of393 kcal/100 g). 
At six weeks of age, and weekly thereafter for a total of 13 weeks, all rats were 
injected i.p. with 20 mg DMH/kg bw. Feed consumption was measured weekly for 
20 weeks (duration of the study was approximately 27 weeks). Rats were 
necropsied 13 weeks after the last injection of DMH; the intestine (small and large) 
and other organs (unspecified) were examined grossly and microscopically for 
numbers and types of tumours. Throughout the study, body weights of konjac 
flour-fed rats were significantly lower than those of rats fed the control diet; 
however, there was no significant difference in feed efficiency between konjac flour
fed and control rats. The incidence of DMH-induced colon tumours was 
significantly lower in the konjac flour-fed group (39%) compared to the control 
group (75% ). The number of colon adenocarcinomas per rat was also significantly 
lower in konjac flour-fed rats (0.22) than in control rats (0.75). However, the mean 
diameter of colon tumours was not significantly different in the two groups of rats 
(konjac flour-fed rats: 5.8±1.3 mm; control rats: 6.9±3.6 mm). 

In contrast to the effects reported for colon tumours, dietary konjac flour 
had no significant effect on the incidence of tumours of the small intestine, all of 
which were adenocarcinomas in this study (control: 45%; konjac flour: 33%); mean 
diameters of adenocarcinomas of the small intestine were not significantly different 
in the two groups (control: 8±4 mm; konjac flour: 6±2 mm). Dietary konjac flour 
did not appear to have a significant effect on the incidences of ear duct or pancreas 
tumours in rats in this study (Mizutani and Mitsuoka, 1983). 

2.2.6. Special studies on embryotoxicity 

Pregnant British short -hair domestic cats were fed diets containing 2% 
carob gum (9 control cats) or 2% konjac flour (6 cats; test substance identified as 
konjac flour from Amorphophallus oncophyllus from Thailand) during gestation. 
Body weights were recorded weekly until parturition and feed consumption was 
recorded daily during the week prior to parturition. Actual intake of konjac flour 
during the week prior to parturition ranged from 0.98 to 3.08 mg/kg bw/day. All 
pregnant females completed a normal gestation period and that there were no 
significant differences in body weight changes of females fed control and konjac 
flour-containing diets. Mean birth weight of kittens born to control cats was 
statistically significantly lower (p < 0.01) than mean birth weight of kittens born to 
konjac flour-fed cats, but mean litter size for control cats was less than mean litter 
size for konjac flour-fed cats: A total of 32 kittens (mean birth weight 104±17 g) 
were born to 9 control cats and 36 kittens (mean birth weight 95 g±22 g) were born 
to 6 konjac flour-fed cats; mean litter size was 3.5±1.6 for controls and 5.1±1.2 
for konjac flour-fed cats (mean control litter size for cats in the same colony was 
reported to be 3.3 ± 1.5). All cats in the study completed lactation and reared their 
progeny successfully. The study also reported that biochemical and haematological 
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parameters were within normal ranges throughout the study (no data were provided) 
(Burger et al., 1992). 

2. 2. 7 Special studies on gastrointestinal effects. 

There was no change in total faecal microflora count in 30 male C3H/He 
mice fed a diet containing 10% konjac flour (test substance was identified as konjac 
mannan) for one year compared to 30 male mice fed a powdered control diet. Of 
the 11 specific types of microflora that were examined, however, two were 
significantly changed: the frequency of bifidobacteria increased from 30% in control 
mice to 100% in konjac flour-fed mice and the log count of enterobacteriaceae 
increased from 6.0 in control mice to 6.6 in konjac flour-fed mice (Mizutani and 
Mitsuoka 1982). 

Five-week-old male C3H/He mice bearing human flora were either 
maintained on a control diet or fed a diet containing 10% konjac flour (test 
substance was identified as konjac mannan, sterilized by )'-radiation from 60Co). 
When the mice were five months old, microflora, enzymes, and putrefactive 
products were analyzed in faecal samples from animals in the control and konjac 
flour-fed groups. Total bacterial counts were nearly identical in control and konjac 
flour-fed mice; however, streptococcus bacteria were significantly reduced in the 
konjac flour-fed mice. Of the soluble enzymes measured, B-glucuronidase and 
nitroreductase activities were significantly reduced in the konjac flour-fed mice 
(67% and 19% of activities in control mice, respectively) while azoreductase 
activity was slightly increased (139% of activity in control mice). Several 
putrefactive metabolites (p-cresol, indole, and skatole) were decreased in konjac 
flour-fed mice compared to control mice. Dietary konjac flour, through material 
sequestration and lowering of substrate concentration, might lead to suppression of 
bacterial enzyme activities and intestinal metabolism without significantly affecting 
microflora composition (Fujiwara et al., 1991). 

Three-month-old Fisher 344 male rats were switched from a basal diet to 
a similar diet containing 10% konjac flour (test substance was identified as konjac 
mannan, sterilized by )'-radiation from 60Co), to which they were allowed ad libitum 
access for two months. Soluble enzyme activities were measured in fresh faecal 
samples collected two days before and 19, 29, and 39 days after rats were placed 
on the 10% konjac flour diet. Putrefactive products were analyzed in fresh faecal 
samples collected the day before and on days 20, 30, and 40 after rats were placed 
on the konjac flour diet. Mean faecal B-glucuronidase activity (n = 13 rats) initially 
rose, then decreased significantly to approximately one-third of its original level of 
activity at the end of the experimental period. Two faecal reducing enzyme 
activities significantly decreased following introduction of the konjac flour diet: 
nitroreductase activity was decreased approximately 2-fold and azoreductase activity 
was decreased approximately 5-fold by the end of the study. As well, the 
gastrointestinal (microflora) metabolites tyrosine and tryptophan were significantly 
altered in rats that consumed a konjac flour-containing diet for 2 months. The 
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reviewers note that concurrent control animals were not included in this study, and 
effects attributed to consumption of konjac flour could also be due to factors such 
as age or changes in the test animals' environment (Fujiwara et al., 1991). 

Groups of weanling male Wistar rats (six/group) were fed a basal diet 
(control group: 67% corn starch, 21% casein, 7% corn oil, 4% salt mix and 1% 
vitamins) or diets containing 20% konjac flour or 20% cellulose (test diets were 
prepared by substituting the test substance for an equal weight of corn starch in the 
basal diet, konjac flour was identified as having been derived from Amorphophallus 
konjac. After eight weeks, total protein, DNA, RNA, and the activity of 
(N a+ K)ATPase were determined in homogenates of caecal and colonic mucosa. 
Compared to rats fed the basal diet, feed intake of the konjac flour-fed rats was 
unchanged but feed intake of the cellulose-fed rats was significantly increased (data 
not shown). After eight weeks, the konjac flour-fed group had a significantly 
reduced mean body weight (90% of control); wet weights of the caecum and colon 
in konjac flour-fed rats were significantly increased compared to control rats 
(approximately 300% and 25%, respectively). In contrast, the average body weight 
of cellulose-fed rats was not significantly different from control rats, but wet 
weights of the caecum and colon in cellulose-fed rats were increased by 
approximately 25% and 60%, respectively. Total mucosal DNA in the caecum and 
colon of konjac flour-fed rats was significantly increased compared to control rats 
(263% and 159%, respectively); total mucosal DNA in the caecum and colon of 
cellulose-fed was also increased compared to control rats (148% and 187%, 
respectively). Ratios of mucosal RNA/DNA and protein/DNA in the caecum were 
significantly increased in konjac flour-fed rats compared to control rats. Caecal and 
colonic mucosal (N a+ K)ATPase activities (expressed per mg protein) were 
significantly increased in konjac flour- or cellulose-fed rats compared to control rats; 
konjac flour-fed rats had a greater increase in mucosal ATPase activity in the 
caecum than in the colon (180% vs. 150%, respectively) while the opposite was true 
for cellulose-fed rats (150% vs. 219%, respectively). Based on these results, this 
report suggests that caecal enlargement in rats due to ingestion of konjac flour 
results from both increased number (hyperplasia) and size (hypertrophy) of mucosal 
cells, but that colonic enlargement due to ingestion of konjac flour and colonic and 
caecal enlargement due to ingestion results from hyperplasia only (Konishi et al. , 
1984). 

2.2.8 Special studies on genotoxicity 

Konjac flour was non-mutagenic in five tester strains (TA98, TAlOO, 
TA1535, TA1537, and TA1538) of Salmonella typhimurium in the presence or 
absence of liver microsomal metabolic activation (Kotkoskie et al., 1992). 

2.2.9 Special studies on lipid metabolism 

Venter and coworkers (1990) studied the effect of konjac flour on plasma 
fibrinogen, serum and liver lipid, glucose tolerance, insulin response, and liver 
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glycogen in baboons fed a "Western" diet. Twelve male baboons (mean weight of 
19±3 kg) were fed a "Western" diet (approximately 400 g/day) with or without 
konjac flour (5%) or sodium propionate (2%) supplements for periods of 9 weeks 
in a crossover, randomized order with period of stabilization between treatment 
periods. The "Western" diet consisted of 38.3 g com meal, 13.4 g beef tallow, 10 
g sucrose, and 38.3 g of a commercially prepared dietary supplement containing 
protein, vitamins, and minerals per 100 g diet (the supplement results in normal 
growth and excellent health when fed in combination with com meal to young 
baboons). Parameters were measured before and 4 and 9 weeks after the beginning 
of each treatment period. After 9 weeks, serum total cholesterol levels were 
statistically significantly higher than pretest values in baboons fed the 
unsupplemented "Western" diet, and that konjac flour supplementation of the 
"Western" diet prevented this increase. Although serum levels of high-density 
lipoprotein increased with all "Western" diets, the percentage of total cholesterol as 
high-density lipoprotein was statistically significantly greater in baboons fed the 
konjac flour-supplemented diet for 9 weeks compared to other diets. Konjac flour
supplementation also was reported to statistically significantly increase levels of 
serum triglycerides and circulating free fatty acids after 9 weeks. Finally, liver 
cholesterol concentration was approximately 30% lower and the area under the 
glucose tolerance curve was smaller when baboons were fed konjac flour
supplemented diets for 9 weeks. Because similar effects were seen with the sodium 
propionate-supplemented diet, the effects observed in baboons fed konjac flour
supplemented "Western" diets may be due to colonic production and absorption of 
propionate from this soluble fiber (Venter et al., 1990). 

2.2.10 Special studies on nutrient absorption 

Kiriyama and coworkers (1974) studied the effects of chemically pure, 
water-soluble konjac flour (test article was "purified by the method of Sugiyama" 
and purity was tested) on transport of bile acids in everted ileal sacs of rats. Small 
intestines (not including the duodenum) from adult male and female Wistar rats were 
excised, cut into segments, everted, and tied into sacs; these sacs were used to 
evaluate the uptake of 14C-labelled cholate or taurocholate in vitro. Results of this 
experiment confirmed that the rat ileum actively transports cholic acid against a 
concentration gradient. Active transport of cholic or taurocholic acid was 
significantly inhibited (2-3-fold) when 0.25% konjac flour was added to the media 
outside of sacs made from the ileum (distal small intestine) but not when 0.25% 
konjac flour was added to the media outside of sacs made from the jejunum 
(proximal small intestine). However, there was no inhibition of transport in the 
presence of 0.05% konjac flour. No inhibition of transport was seen when everted 
ileal sacs were incubated in a konjac flour-free bile acid medium after the sacs had 
been pre-immersed in 0.25% konjac flour. This suggests that the binding of konjac 
flour to the surface of the intestinal mucosa is not strong enough to effectively 
inhibit the active transport of bile acids. This report suggests that konjac flour does 
not bind, sequester, or adsorb bile acids since, in a simple dialysis experiment, the 
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equilibrium of bile acids across a cellophane membrane was not altered by the 
presence of konjac flour on one side of the membrane (Kiriyama et al., 1974). 

Because previous studies (Reinhold et al., 1975 and 1976) have shown that 
plant fibers bind minerals, including calcium, zinc, and iron, thereby rendering 
them unavailable for intestinal absorption, Oku et al. (1982) studied the influence 
of dietary konjac flour and other nutritionally unavailable carbohydrates on intestinal 
absorption of calcium. Six male Wistar rats/group (initial body weight, 40-50 g) 
were fed ad libitum a basal diet containing 67% com starch (control) or the same 
diet in which 20% cellulose I, 20% cellulose II, 10% konjac flour, 20% konjac 
flour, or 20% pullulan had been substituted for an equal amount of com starch 
(konjac flour was identified as having been derived from Amorphophallus konjac). 
Rats were fed control or experimental diets for 7 or 8 weeks. Each rat was placed 
in a metabolic cage for three days at the end of the study. Body weights were 
recorded weekly; feed consumption was determined daily during the last 3 days of 
the study. 

Compared to rats fed the control diet, rats fed diets containing 10% and 
20% konjac flour had significantly reduced mean body weights (control: 328 g; 10% 
konjac flour: 296 g; 20% konjac flour: 258 g). Feed consumption of rats fed diets 
containing 10% or 20% konjac flour, however, was approximately the same as feed 
consumption of control rats. Serum levels of calcium and inorganic phosphorus 
were not statistically significantly altered in animals fed diets containing konjac 
flour, although serum calcium levels showed a declining trend. In in vitro 
investigation of calcium transport using everted duodenal sacs from treated and 
control rats, calcium transport was significantly reduced (to 60% of control value) 
in the 20% konjac flour-fed group only. Calcium binding activity in the supernatant 
of homogenized duodenal mucosa was also significantly depressed in all groups of 
rats fed diets containing 20% carbohydrate diets, with the greatest effect associated 
with consumption of diets containing 20% konjac flour (50% of control binding). 
Based on these results, consumption of unavailable carbohydrates, including konjac 
flour, may be associated with decreased function of intestinal epithelial protein(s) 
essential for transport of calcium. As well, because consumption of konjac flour 
appeared to be associated with a functionally compromised gastrointestinal mucosal 
surface, absorption of minerals other than calcium may also be affected (Oku et al., 
1982). 

2.3 Observations in humans 

Several experiments were performed to evaluate the effects of konjac fiber 
on glucose metabolism in normal and diabetic subjects. After a 12-hour fast, 3.9 
g konjac flour (test substances were identified as "powdered glucomannan", 
viscosities were 100-150 000 cP [konjac flour], 52 000 cP [low-viscosity konjac 
flour], or 194 800 cP [high-viscosity konjac flour]) was consumed either 
simultaneously with or 15 min. before a glucose load or test meal (This dose was 
selected because of reports that Japanese subjects experienced abdominal pain and 
complications following consumption of 5.2 g or more konjac flour.) Venous blood 
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samples were drawn at 0 (fasting), 30, 60, 90, 120, and 180 min. after glucose or 
test meal consumption. When meals containing konjac flour were fed to seven non
diabetic subjects, mean serum glucose was significantly below levels for control, 
non-diabetic subjects at 30, 60, 120, and 180 min. Serum insulin levels were also 
significantly decreased at 30, 60, and 90 min. in these subjects. Less pronounced 
effects were observed when konjac flour was administered 15 min. before meals; 
under these circumstances, serum glucose levels were significantly reduced at 30 
and 180 min. only. In a similar experiment involving six non-insulin-dependent 
diabetics, significant reductions in mean serum glucose levels were observed at 30 
and 60 min. following consumption of konjac flour. However, no significant 
reductions in serum glucose levels were observed when guar gum, another gel
forming fiber consisting of galactose and mannose in a molar ratio of 1:2, was fed 
to subjects instead of konjac flour. 

In a study with nine subjects, low-viscosity konjac flour delayed the 
increase in serum glucose from 30 min. (seen in subjects fed a meal without konjac 
flour) to 60 min (when the same subjects were fed an identical meal containing 
konjac flour). In addition, a high-viscosity konjac flour was more effective in 
delaying the rise in serum glucose following consumption of a konjac flour
containing meal than the low viscosity konjac flour. 

Absorption of xylose was measured following administration of25 g xylose 
and 50 g glucose to each of five healthy volunteers. Co-administration of 3.9 g 
konjac flour caused a significant decrease in the excretion of xylose after two hours 
and appeared to prolong the time required for absorption of xylose, since total 
xylose excretion after 6 hours was similar in konjac flour-fed and control subjects 
(no data presented). 

When each of 21 diabetic subjects was fed 7. 2 g konjac flour daily for 17 
days, mean fasting serum glucose levels were significantly decreased throughout the 
study. When observed for 90 days after daily feeding of 7.2 g konjac flour for 17 
days (no data presented), mean serum cholesterol levels decreased significantly for 
the first 38 days, then gradually increased; triglyceride and HDL-cholesterollevels, 
however, were reported not to have been affected (Doi et al., 1982). 

Following an overnight fast, seven young men (22-32 years old; 110±6% 
of ideal Japanese body weight) were given a 500 ml solution containing 80 g 
glucose (controls) or a similar solution containing 80 g glucose and 5 g konjac flour 
(konjac flour was identified as having been prepared fresh from Amorphophallus 
konjac after prompt inactivation of tuber mannanase I and mannanase II by 
homogenization with ethanol). One week later, the same experiment was 
performed, but treatments for each group of subjects were reversed. Plasma 
glucose and insulin levels were measured in venous blood samples collected from 
each subject at 0 (fasting sample), 30, 60, 90, 120, and 180 min after consuming 
control and konjac flour-containing glucose solutions. In control and konjac flour
fed subjects, plasma glucose and insulin levels peaked within 30 min.; however, 
both parameters were lower (the decrease in serum insulin was statistically 
significant) when subjects consumed the glucose solution containing konjac flour. 
At 60, 90, and 120 min. following administration of the konjac flour-containing 
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glucose solution, serum glucose and insulin levels were decreased compared to 
samples following administration of the control glucose solution, although the 
decreases were not statistically significant; at 180 min., however, serum glucose and 
insulin levels were increased in subjects administered the konjac flour-containing 
glucose solution. Thus, when subjects were challenged with glucose, plasma 
glucose and insulin levels returned more slowly to fasting levels when konjac flour 
was co-administered with the glucose. Despite the time course differences in 
plasma glucose in subjects following administration of a glucose solution or a konjac 
flour-containing glucose solution, the total areas under the plasma glucose curves 
for 0-180 min. were identical. However, the total area under the plasma insulin 
curve was significantly smaller after administration of the konjac flour-containing 
glucose solution than after administration of the control glucose solution. These 
results suggest that soluble dietary fibers such as konjac flour have beneficial effects 
on serum glucose levels and that these effects may be due to delayed stomach 
emptying and delayed glucose diffusion in the intestinal lumen (Ebihara et al. , 
1981). 

The effects of konjac flour on serum glucose levels were evaluated in 72 
type II diabetic subjects (mean age 55, range 39-76) by Huang and coworkers; 
subjects were grouped as mild, moderate, or severe diabetics. Meals containing 2% 
refined konjac flour in the form of konjac toast or konjac noodles were consumed 
by test subjects (average intake was 8.6 g konjac flour/day) for approximately 65 
days. Weekly food intakes were recorded three times: before konjac flour-ingestion 
began and during weeks three and seven of the study. Fasting venous blood 
samples and 2-hr postprandial blood samples (before and after breakfast, 
respectively) were drawn once before konjac flour-ingestion began and on days 30 
and 65 of the study; the following determinations were made: fasting blood glucose 
(FBG), 2-hour post-prandial blood glucose (PBG), glycosylated haemoglobin 
(GHB), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low
density lipoprotein cholesterol (LDL-C), and triglyceride (TG). Compared to levels 
measured before konjac flour-ingestion began, there were statistically significant 
reductions in FBG levels on days 30 and 65 and in GHB on day 65. Konjac flour 
appeared to be particularly beneficial to subjects with higher levels of blood glucose 
because the extent of konjac flour-associated decreases in FBG and PBG appeared 
to be directly proportional to the severity of subjects' pre-test levels of FBG and 
PBG. For instance, mild, moderate, and severe diabetic groups had the following 
initial vs. final FBG levels: 129.4±10.5 vs. 124.0±26.8; 165.9±10.9 vs. 
142.6±35.3; and 227.0±25.3 vs. 171.4±37.4, respectively. Finally, the study 
reported a positive correlation between konjac flour-associated decreases in FBG and 
PBG. 

In general, food containing konjac flour did not appear to have a significant 
effect on blood lipids. Several subjects were reported to have experienced weight 
loss during the study: the mean weight loss of 42/59 subjects at 30 days was 1.8 kg 
(range 0.2-4.7 kg) and the mean weight loss for 41/51 subjects at 65 days was 2.2 
kg (range 0.5-6.0 kg). 
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In this study, subjects reported the following symptoms associated with 
consumption of meals containing konjac flour: 69-90% of the subjects reported 
improved appetite, polyuria at night, thirst, and constipation or soft stool; on the 
other hand, 40 subjects reported a total of 45 symptoms, such as loose stool, 
flatulence, diarrhoea, and abdominal pain, sounds, or distension (Huang et al. , 
1990). 

A recent study compared the effects of four non-starch polysaccharides, 
including konjac flour, on glucose tolerance, insulin secretion, gastric emptying, and 
gut hormone secretion in 12 healthy male volunteers (mean age = 19.5 years). 
Subjects were divided into two groups; on three separate occasions (at least one 
week apart) and following an overnight fast, members of each group were given a 
test meal (white bread, honey, and orange squash containing 100 g carbohydrate) 
either with or without 10 g soya-bean cotyledon fiber (SCF) or 5 g konjac flour. 
Soluble paracetamol (1.5 g dissolved in 150 ml water) was consumed simultaneously 
with each meal; over the following 180 min., plasma levels of paracetamol were 
measured as an index of liquid gastric emptying. Plasma concentrations of glucose, 
insulin, and gastric inhibitory polypeptide (GIP) were measured during the same 
time period. Konjac flour-supplemented meals had a significant depressive effect 
on post-prandial insulin levels, where peaks for control and konjac flour
supplemented meals were 96.2±11 and 64.3±2.6 mU/1, respectively. The 0-90 
min. incremental area under the insulin curve was significantly reduced following 
consumption of a konjac flour-supplemented meal (82% of area following 
consumption of a control meal), although consumption of a meal containing SCF 
increased this parameter (119% of area following consumption of a control meal). 
Post-prandial plasma glucose, GIP and paracetamol levels were not affected by 
consumption of meals containing konjac flour or SCF (Morgan et al., 1990). 

Results of this study are consistent with results reported in similar 
experiments by Ebihara et al. (1981) but were inconsistent with results reported by 
Doi et al. (1982), which Morgan and coworkers attributed to possible differences 
in the composition of test meals (not specified in the study by Doi et al., 1982) that 
may have affected gastric emptying. 

Zhang and coworkers studied the effects of consuming konjac flour
supplemented diets (5 g konjac flour/day) for 45 days on human lipid metabolism 
in elderly subjects with hyperlipidaemia. Subjects were described as having 
borderline risk levels of serum triglycerides (200-230 mg/dl), hypercholesterolaemia 
( > 230 mg/dl), borderline risk levels of serum triglycerides (130-150 mg/dl), 
hypertriglyceridaemia ( > 150 mg/dl), or both hypercholesterolaemia and 
hypertriglyceridaemia. Subjects were randomly divided into two groups: the konjac 
flour group (66 subjects) consumed normal Japanese diets supplemented with foods 
containing konjac flour (3 g/day for the first 2 or 3 days, then 5 g/dy for the rest 
of the study); the control group (44 subjects) consumed normal Japanese diets 
without konjac flour supplementation; a recovery group (46 of 66 subjects in the 
konjac flour group) consumed normal Japanese diets for an additional 45 days. 
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Venous blood samples were drawn before breakfast before the study began, at the 
end of the study (45 days) and at the end of the recovery period (an additional 45 
days). Konjac flour used in this study was described as "konjac meal. . .in the form 
of noodles, breads, cakes, etc., to which it was added, or after it was cooked 
directly with milk, soya-milk, soup, water, or stuffing." 

After consumption of konjac flour for 45 days, subjects had statistically 
significantly decreased levels of serum total cholesterol, triglycerides, and low
density lipoprotein and statistically significantly increased levels of high-density 
lipoprotein and apoprotein; however, changes in these parameters in the control 
group during the study were not significant. In addition, konjac flour subjects had 
statistically significantly decreased body weight, serum total cholesterol, serum 
triglycerides, and serum low-density lipoprotein and increased serum high-density 
lipoprotein compared to control subjects after 45 days. After consumption of konjac 
foods, 27 subjects had statistically significant decreases in body weight (0.5 to 4. 7 
kg at 45 days); subjects consuming konjac flour reported decreases in dizziness and 
headaches (9/66) and chronic constipation (13/66); however, subjects also reported 
that they excreted more bulk faeces (17 I 66), experienced diarrhoea (3 I 66), and had 
increased hunger (4/66). After the 45-day recovery period, subjects (46 of 66 
subjects who had previously consumed konjac flour for 45 days) had statistically 
significant increases in serum total cholesterol and low-density lipoprotein and a 
statistically significant decrease in high-density lipoprotein; serum triglyceride levels 
remained the same. This report concluded that beneficial effects observed in 
hypercholesterolaemic patients following consumption of 5 g konjac flour/day for 
45 days were reversible upon discontinuance of konjac flour in the diet (Zhang et 
al., 1990). 

The efficacy of konjac flour (test substance identified as "glucamannan") 
for weight loss in overweight osteoarthritic patients was evaluated in a double-blind 
crossover study. Twenty outpatients (3 men and 17 women; mean age 53 years, 
range 30-68 years) were divided into two groups. For the first two months of the 
study, each subject was administered 1. 5 g of konjac flour or a placebo before 
breakfast and dinner; for the following two months, treatments were reversed. 
Sixteen subjects completed the study; one subject stopped because of abdominal 
discomfort during the konjac flour-treatment period. Body weight was recorded 
monthly. Decreases in body weight during konjac flour-phases of the study (first 
group of subjects: mean body weight decreased from 73.7 to 70.1 kg; second group 
of subjects: mean body weight decreased from 79.0 to 76.4 kg) were reported to be 
statistically significant and were attributed to konjac flour administration. Study 
stated that subjects experienced no changes in blood pressure, heart rate, or clinical 
chemistry, but no data were provided (Biancardi et at. , 1989). 

The effect of konjac flour on weight loss and blood levels of total 
cholesterol, total triglycerides, and low-density lipoprotein was investigated in a 
double-blind study of obese women for 8 weeks. Twenty obese women (weights 
were at least 20% over ideal body weights) were randomly assigned to two groups 
(10/group) so that weight and height distributions for each group were similar. The 
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konjac flour group took two capsules of a supplement containing 500 mg "purified 
glucomannan" three times a day (with 8 oz water), one hour before each meal, for 
8 weeks; control subjects took a similar capsule containing 500 mg starch under the 
same conditions. At the beginning of the study and at 4 and 8 weeks, subjects were 
weighed and blood samples were drawn. There were statistically significant 
decreases in weight, serum cholesterol and serum low-density lipoproteins in the 
konjac flour group compared to the control group at weeks 4 and 8. A statistically 
significant decrease in serum triglycerides occurred at four weeks, but the decrease 
was not statistically significant at 8 weeks. This study suggests that konjac flour 
can be used for weight reduction and serum cholesterol reduction in obese patients 
(Walsh et al., 1984). 

The efficacy of konjac flour was studied in 93 patients with chronic 
constipation; 78 patients completed the study. In this non-controlled, open study, 
patients were treated with 1 g konjac flour/day for one month, followed by 1 g 
konjac flour every other day for one month. Statistically significant improvements 
were seen in several measures of bowel function (number of days per week with 
bowel movements and number of enemas given) that lasted until the end of the 
second month. Konjac flour was well accepted by patients and without significant 
side effects; in addition, konjac flour reduced (by approximately 50%) the number 
of patients reporting abdominal disturbances by the end of the study (Passaretti et 
al., 1991). 

The influence of dietary konjac flour (test substance identified as konjac 
mannan) on absorption of vitamins E (tocopherol acetate) and B12 (mecobalamin) 
was evaluated in six normal volunteers (aged 20-61) and five maturity-onset diabetic 
patients (aged 57-81) by Doi and coworkers. Control meals containing vitamins E 
and B12 (500 mg and 3 000 Jlg, respectively) were consumed by each subject; test 
meals to which 3.9 g konjac flour had been added were consumed by subjects on 
an alternate day. Vitamin levels in serum were determined immediately before and 
1, 3, 5, 8, 12, and 24 hr after consumption of both meals. In normal subjects, the 
peak serum level of vitamin B12 was shifted from 3 hr to 12 hr when the meal was 
supplemented with konjac flour; however, no shift was seen in the 5-8 hr peak time 
observed in diabetics when konjac flour was added to the meal. Total absorption 
of vitamin B12 during 24 hr did not appear to be changed by addition of konjac flour 
to the test meal. Intestinal absorption of vitamin B12 was not disturbed by konjac 
flour. 

Addition of konjac flour to the test meal appeared to significantly lower 
serum levels of vitamin E, especially in normal subjects (by 16-30% at most time 
points). The results suggested that viscous forms of dietary fibers, such as konjac 
flour, may form a barrier around some (fat-insoluble) substances (including glucose, 
essential electrolytes and cations, and possibly vitamin B12), thereby delaying their 
absorption rather than causing malabsorption. On the other hand, because konjac 
flour consumption may interfere with the absorption of bile acids, the absorption of 
the fat-soluble vitamin E, a process which is dependent on the presence of 
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conjugated bile acids, may also be impaired by konjac flour consumption (Doi et 
al., 1983). 

The effect of konjac flour (identified as glucomannan in the form of konjac 
flour) on intestinal absorption of glibenclamide, a sulfonylurea-type hypoglycaemic 
drug, was evaluated in nine healthy male volunteers, aged from 21 to 47 years. All 
subjects participated, on two consecutive days, in both the control and test phases 
of the experiment. Plasma concentrations of the drug were followed for six hours 
after subjects received the drug (2.5 g) alone (control phase) or with 3.9 g konjac 
flour (test phase); in both phases, subjects ate breakfast immediately after receiving 
the drug. Compared to plasma drug levels during the control phase, subjects in the 
test phase had lower drug levels at 30 min. and this tendency continued for most 
subjects until at least 180 minutes. In the control phase, mean plasma levels of 
glibenclamide peaked rapidly at 60 min. and declined more slowly; when konjac 
flour was administered with the drug, however, there was no apparent peak in 
serum drug level. Co-administration of konjac flour with glibenclamide appeared 
to increase inter-individual variation in plasma drug levels. This study also 
demonstrates that dietary intake of konjac flour can influence the pharmacokinetics 
of co-administered oral drugs (Shima et al., 1983). 

When dry, non-expanded konjac flour was marketed as a dieting aid, 7 
case reports of oesophageal obstruction caused by swelling of these tablets were 
made. The case reports were reviewed in 1986: all patients were women taking the 
konjac flour tablets for weight loss; obstruction was complete in 5/7 cases and was 
caused by a single tablet in all but one case; obstruction was presumably caused by 
swelling of dry konjac when hydrated by body fluids; none of the patients died. 
Expansion rates of 5 tablets (500 mg konjac flour each) immersed in water varied, 
but tablets increased their mean volumes from one to approximately 16 ml in 10 
min; final volumes ranged from 12 to 17.5 mi. It is important to note that konjac 
flour in food is not in this dry form and there are no reported cases of oesophageal 
obstruction caused by hydrated konjac gels, such as those traditionally eaten in 
Japan (Henry et al., 1986). 

Inhalation of konjac dust ("dancing powder" in factories producing 
konnyaku, a popular food in Japan made from konjac tubers) in the workplace has 
been reported to produce allergic bronchial asthma (known as konnyaku asthma) in 
sensitized individuals (Nakazawa, 1983). In Japan, konnyaku asthma occurs in 
workers exposed to konjac dust and in people who live close to konjac processing 
facilities. An epidemiological study of Japanese plant employees and nearby 
residents conducted in 1980 found that 0.1% of the population (15 675 people) had 
konnyaku asthma. Konnyaku asthma can be treated by desensitization therapy and 
disappears when the individual is no longer exposed to konjac dust. It should be 
noted that inhalation of konjac powder has also been reported to cause allergic 
asthma in sensitized guinea pigs (Banno, 1979), although application of 
mechanically ground konjac to the skin of guinea pigs did not produce skin 
sensitization reactions (Kotkoskie, 1992). In both humans and animals, konjac 
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powder or dust has been shown to produce allergic bronchial asthma by a type I or 
anaphylactic immune reaction (Nakazawa, 1983). 

3. COMMENTS 

The Committee reviewed data from acute and short-term toxicity studies, 
as well as studies on embryotoxicity, genotoxicity, nutrient absorption, anti
carcinogenicity, gastrointestinal effects, and observations in humans. However, the 
Committee was concerned about the lack of information on the fate of konjac flour 
in the gut and the inadequacy of the short-term toxicity studies. The Committee 
was informed of the existence of a 13-week toxicity study in dogs and a 4-week 
toxicity study in rats that were not made available for review at the present meeting. 

Human studies were conducted for up to 65 days at dose levels of up to 
8.6 g konjac flour/person/day. Volunteers consuming approximately 5.2 g or more 
konjac flour/person/day reported symptoms such as loose stools, flatulence, 
diarrhoea and abdominal pain or distension. Studies with normal and diabetic 
volunteers demonstrated that consumption of 7.2-8.6 g konjac flour/person/day for 
17 days significantly decreased mean fasting serum glucose levels; in addition, a 
dose of 3.9-5.0 g konjac flour/person consumed with a single meal (or administered 
with glucose) was reported to delay the increase in serum glucose and insulin levels 
for several hours following the meal, thereby also delaying their return to baseline 
levels. Consumption oftest meals containing 3.9 g konjac flour appeared to impair 
vitamin E absorption (up to 30% decrease in peak serum levels) and influenced the 
pharmacokinetics of the co-administered drug glibenclamide. On the other hand, 
intestinal absorption of vitamin B12 or the drug paracetamol were not affected by 
consumption of meals containing konjac flour (3. 9 g konjac flour/person for vitamin 
B12 and 5 g konjac flour/person for paracetamol). 

4. EVALUATION 

On the basis of the available toxicological data, particularly data from 
human studies, the long history of use of konjac as a food in China and Japan, and 
estimates of konjac flour consumption from traditional and anticipated food additive 
uses, the Committee allocated a temporary ADI "not specified" for konjac flour. 
The results of additional short-term toxicity studies, which the Committee was 
informed have been conducted in rats and dogs, together with adequate data on the 
fate of konjac flour in the gut are required for review in 1996. In view of the 
observed impairment of absorption of vitamin E, information on the influence of 
konjac flour on the bioavailability of fat soluble vitamins is also required for review 
by 1996. The Committee noted that consumption of dry konjac flour has been 
associated with oesophageal obstruction, and recommended that konjac flour be 
consumed only in the hydrated form. 
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1 EXPLANATION 

Processed Eucheuma seaweed (PES) was previously considered by the 
Committee at its thirtieth and thirty-ninth meetings (Annex 1, references 73 and 
101) but it could not be evaluated for use in foods because no relevant toxicological 
data were available. At its present meeting the Committee reviewed a 90-day 
feeding study in rats on a processed Eucheuma seaweed from E. cottonii and a 
series of genotoxicity studies on a processed Eucheuma seaweed from E. cottonii 
were available. Complete details of the 90-day study were not provided. 

2 BIOLOGICAL DATA 

2.1 Biochemical Aspects 

No information available. 

2.2 Toxicological Studies 

2.2.1 Acute toxicity studies 

No new information available 
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2.2.2 Short-term toxicity studies 

Groups of 10 male and 10 female Sprague-Dawley rats, 6 weeks old, were 
fed diets which contained 0, 0.5, 1.5 or 5.0% PES, or 5.0% refined carrageenan 
derived from Eucheuma cottoni for 3 months. The rats were observed twice daily 
and the gross appearance of the stools was checked in the morning. Individual body 
weights and food consumption were measured weekly throughout the study. 
Standard haematological and clinical chemistry parameters were measured in blood 
samples taken from all animals at sacrifice. Urinalysis was also conducted on fresh 
urine and 24-hour urine samples at week 13 of the study. Faecal samples were 
analyzed for gross appearance and occult blood. Necropsy was performed on all 
animals at sacrifice, selected organs weighed (brain, pituitary gland, submandibular 
glands, thymus, lungs, thyroid, heart, liver, caecum, spleen, kidneys, adrenal 
glands, testes, epididymides, prostate, ovaries and uterus) and 40 tissues and organs 
preserved for histopathological examination. No individual data were provided. 

No deaths were observed during the study. The average daily intakes for 
each of the dose levels of PES were 382, 1140 and 3887 mg/kg bw/day for males, 
and 410, 1292 and 4170 mg/kg bw/day for females. A dose-related trend in the 
incidence of altered stool quality was noted, in particular soft, big-size and 
fragmented stool. This effect was most apparent (earlier onset, higher frequency 
of occurrence and larger number of animals affected) in the groups receiving 5% 
PES or refined carrageenan, especially the latter. Faecal occult blood was not noted 
in any of the groups. In addition, a higher urine volume and lower urine specific 
gravity was observed in the 5% PES groups. Toluidine blue staining of the liver, 
spleen, mesenteric lymph nodes and gastrointestinal tract did not reveal deposition 
of metachromatic material at microscopic examination. It was concluded that 
absorption of carrageenan did not occur. No other effects attributable to treatment 
were evident from the summary of the histopathological results (Philippine Bureau 
of Food and Drugs 1992). 

2.2.3 Long-term/carcinogenicity studies 

No new information available 

2.2.4 Reproduction studies 

No new information available 

2. 2. 5 Special studies on genotoxicity 

The results of genotoxicity assays on PES are summarized in Table 1. 

2.3 Observations in humans 

No information was available. 
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Table 1. Results of genotoxicity assays on PES 

Test System Test Object Concentration of Results Reference 
Test Material 

Rec assay B. subtilis 25-100 mg/ml Negative Sylianco et at. 
1992 

Ames test'·' S. typhimurium 25-100 mg/ml Negative Sylianco et at. 
TAlOO 1992 

Host-mediated Swiss Webster 625-2 500 mg/kg Negative Sylianco et at. 
assay mice/S. bw 1992 

typhimurium 

Micronucleus Swiss Webster 625-2 500 mg/kg Negative Sylianco et at. 
test mice bw 1992 

1 Without S9 metabolic activation. 
2 Only one strain of S. typhimurium was used for the Ames assay, though it is standard practice to use 
4 strains. 

3 COMMENTS 

Analytical data provided on the commercial product and on the material 
used in the toxicity studies were reported to conform to the specifications that were 
prepared at the present meeting. The viscosity specification indicated that the 
carrageenan component was not degraded. Analytical data showed that the relative 
molecular mass of processed E. cottonii was well above that of degraded 
carrageenan and similar to that of traditionally refined carrageenan, and that the 
acid-insoluble component of PES was similar to cellulose. The crude protein 
content of the commercial batches ranged from 0.1 to 1. 5 %, with a mean value of 
1%. The product did not contain heavy metals at levels of toxicological concern. 

In the 90-day feeding study in rats PES was administered at 0.5%, 1.5%, 
and 5% in the diet, in addition a comparison group was fed traditionally-refined 
carrageenan at a level of 5%. The most notable effect from this study was an 
alteration of stool characteristics in both the groups fed PES and those fed 
traditionally-refined carrageenan at the 5% level, which was more pronounced in 
the group receiving traditionally-refined carrageenan. This effect is to be expected 
from this kind of poorly absorbed material and was not considered to be of 
toxicological significance. No deposits of metachromatic material were observed 
in the livers of these rats, and no traces of blood were detected in the faeces as 
would have been expected if the PES had been degraded. No effects of 
toxicological significance were observed. 

No genotoxic effects were observed in in vitro bacterial assays or in an in 
vivo mammalian assay. 
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4. EVALUATION 

The Committee allocated a temporary ADI of 0-20 mg/kg bw to processed 
Eucheuma seaweed, based on the application of a 200-fold safety factor to the intake 
associated with the 5% dose level (equivalent to 3890 mg/kg bw/day) in the 90-day 
study in rats. The ADI was made temporary, pending submission of the complete 
details from this study, including histopathological data for individual animals. The 
Committee was informed that additional characterization data on processed 
Eucheuma seaweed existed, and requested that that these data and the individual data 
from the 90-day rat study should be submitted for review by 1995. 

5. REFERENCES 
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1. EXPLANATION 

Alginates are polyuronic acids which are major components of the cell 
walls of brown seaweed. Brown seaweeds have been used in food and feed for 
centuries but it is only since 1929 that alginates have been manufactured on an 
industrial scale. Alginates have valuable rheological properties which can be varied 
to a great extent by varying the degree of polymerisation of the polysaccharide or 
by changing the ionic environment. Thus alginates can provide solutions having a 
range of viscosities or gels of varying rigidities which may be used as texture 
modifiers in a wide range of food and industrial applications (Martin, 1986). 

Propylene glycol alginate is a reaction product of propylene oxide and 
alginic acid (Steiner & McNeely, 1951). This substance was evaluated at the 
thirteenth, fifteenth, and seventeenth meetings of the Committee (Annex 1, 
references 19, 26, and 32). At the seventeenth meeting an ADI for propylene 
glycol alginate of 0-25 mg/kg bw was allocated, based on a NOEL of 2 500 mg/kg 
bw/day in a long-term toxicity study in rats. At that meeting the Committee 
concluded that only the propylene glycol moiety is absorbed and metabolized, and 
that the alginate moiety is excreted unchanged in the faeces of rats and mice. 
Accordingly, the Committee decided that the contribution of propylene glycol 
alginate to total dietary propylene glycol intake from all sources should be included 
in the ADI for propylene glycol, which was allocated an ADI of 0-25 mg/kg bw 
(Annex 1, reference 32). 

Alginic acid and its ammonium, calcium, potassium, and sodium salts were 
evaluated by the Committee at its thirty-ninth meeting (Annex 1, reference 101) 
when a group ADI "not specified" was allocated. 



PROPYLENE GLYCOL ALGINATE 160 

At its present meeting, the Committee evaluated new data from a 30-day 
study in rats, genotoxicity assays, a teratogenicity study in rabbits and a study in 
human volunteers. The previously published monographs have been expanded and 
are reproduced in their entirety below. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2 .1.1 Absorption, distribution and excretion. 

In vitro hydrolysis studies with propylene glycol alginate in simulated 
gastric juice and simulated intestinal juice showed no hydrolysis in simulated gastric 
juice, while intestinal juice hydrolyzed 25% in 4 hours, 65% in 12 hours and 80% 
in 24 hours (McNeely & Shepherd, 1966). 

Five grams of propylene glycol alginate/kg bw (as a 10% aqueous 
solution), labeled with 14C in the alginate moiety, or 1 g of propylene glycol 
alginate/kg bw (as a 5% aqueous solution), labeled with 14C in the propylene glycol 
moiety, was administered as a single dose to mice (8/group) by gavage. 
Absorption, distribution and excretion of radioactivity were followed from 1 hour 
to 5 days after administration by whole body autoradiography. 

Some, but not all, of the label (labeled in the propylene glycol moiety) in 
a single dose of 1 g propylene glycol alginate/kg bw was absorbed. The unabsorbed 
portion was excreted in the faeces within 3 days while the absorbed radioactivity 
was distributed rapidly over the whole body, was concentrated in the liver and was 
completely removed from all tissues in 3-4 days. These findings are consistent with 
the fate of absorbed radioactivity from labeled free propylene glycol and its 
metabolites. Five days after administration of 5 g propylene glycol alginate (labeled 
in the alginate moiety)/kg bw traces of radioactivity were still noted in the rectum. 
It was concluded that released propylene glycol was absorbed and metabolized by 
the usual pathways (to acetate, lactate or glycogen) and had disappeared completely 
from the body after five days. The alginate moiety and the unhydrolyzed propylene 
glycol alginate were not absorbed from the gastrointestinal tract, but excreted in the 
faeces (Sharratt & Deam, 1972). 

2.1.2 Biotransformation 

No information available. 

2 .1. 3 Effects on enzymes and other biochemical parameters 

No information available. 
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2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with propylene glycol alginate are 
summarized in Table 1. 

Table 1. Acute toxicity studies - propylene glycol alginate 

Animal Route LD50 (mg/kg bw) Reference 

mouse oral 7 800 FDRL, 1976 

rat oral 7 200 FDRL, 1976 

hamster oral 7 000 FDRL, 1976 

rabbit oral 7 600 FDRL, 1976 

2.2.1.1 Rats 

Groups of 60 rats were dosed with 5 g/kg bw propylene glycol alginate by 
gavage or were fed a diet containing 50 to 70% propylene glycol alginate for 24 
hours. No adverse effects were observed. Autopsy 14 days after treatment did not 
reveal compound-related abnormalities (Woodard Res. Corp., 1972). 

Rats given 10 g propylene glycol alginate/kg bw orally as a suspension in 
com oil showed a transient depression. No other effects were noted (Newell & 
Maxwell, 1972). 

2.2.1.2 Rabbits 

Rabbits receiving an application of propylene glycol alginate as an aqueous 
paste on abraded skin or receiving an ocular application of dry powdered propylene 
glycol alginate did not reveal signs of irritation (Woodard Res. Corp., 1972). 

Rabbits injected intravenously, intraperitoneally, intramuscularly or 
subcutaneously with 6.2, 12.5 or 25 mg propylene glycol alginate/kg bw showed 
neither effects at the injection site nor any systemic effects (Steiner & McNeely, 
1951). 

Rabbits injected subcutaneously or intramuscularly with up to 2 ml of a 
sterile aqueous 2% solution of propylene glycol alginate did not show gross or 
histological abnormalities at the injection site. Intraperitoneal and intravenous 
injections of similar amounts did not produce abnormal systemic effects (Ouer et al., 
1935). 
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2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Two groups of 6 female rats received a diet containing 21.5% propylene 
glycol alginate and 21.5% glucose or a normal diet containing 21.5% glucose for 
4 weeks. After 4 weeks of treatment 2 animals/ group were killed and the remaining 
4 animals/group received a normal diet for an additional 4 weeks. Thereafter the 
original control group received a diet containing 21.5% propylene glycol alginate 
and the original test group received a control diet for 2 weeks. The test group 
showed slight growth retardation but appearance and behaviour were normal. 
Faeces of the test group were slimy. Histopathogy of liver, kidneys and intestine 
of the 2 animals/ group that were killed after the initial 4 weeks treatment time did 
not reveal abnormalities (MRCL, 1951). 

Fifteen male rats received 5% (w/w) propylene glycol alginate in the diet 
for 30 days. No diarrhoea was seen and bowel habit was normal. Urinalysis did 
not reveal abnormalities. All rats showed distension of the caecum, 5 rats showed 
distension of a portion of the ileum. Twelve rats showed distension of the colon to 
some degree, with soft contents. Soft ill-formed faecal pellets were seen in 10 rats. 
No further macroscopic changes were seen. Histopathology was not carried out 
(Anderson eta/., 1991). 

2.2.2.2 Guinea-pigs 

Four groups of 3 guinea-pigs received 0, 5, 10 or 15% propylene glycol 
alginate in their diet for 26 weeks. Body weight gain was reduced in test groups 
but mean food intake was similar to controls. Histopathology of various organs 
revealed no significant lesions (Nilson & Wagner, 1951). 

2.2.2.3 Cats 

Eight experimental cats and one control cat were fed 0, 5, 10 or 15% 
propylene glycol alginate in a diet of dog food and canned salmon daily for 88-111 
days. Test animals had difficulties in swallowing and eating because of the physical 
texture of the diet. The animals could not eat more than 100 g dog food and 30 g 
canned salmon/day and thus lost weight. At dietary levels of 10 and 15% the cats 
showed frequent soft stools. Macroscopy and microscopy did not reveal 
abnormalities (no details) (Nilson and Wagner, 1951). 

2.2.2.4 Chickens 

4 Groups of 13-day old chickens (number/group unknown) received 0, 5, 
10 or 15% propylene glycol alginate in their diet for 3-7 weeks. At all dose levels 
growth rate was reduced due to difficulties with the diet. Histopathology showed 
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slight transient tissue changes in controls as well as test animals (no details) (Nilson 
& Wagner, 1951). 

2.2.2.5 Dogs 

Three groups of 3 male and 3 female Beagle dogs received a diet 
containing 0, 5 or 15% propylene glycol alginate for one year. Stool conditions 
were variable at the 15% dietary level. Weight gain and food consumption were 
normal. No effects on haematological (no details) parameters or serum urea 
nitrogen, serum alkaline phosphatase, blood glucose or urinalysis (no details) were 
seen. Organ weights (10) were comparable to controls. Histopathology (21 tissues) 
did not reveal compound-related changes (Woodard, 1959). 

2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Mice 

Four groups of 10 mice (bw 12-18 g) received 0, 5, 15 or 25% propylene 
glycol alginate in their diet for 12 months. At week 39 one control mouse and one 
mouse of the group fed 15% in their diet were killed. In the 25% group, increased 
mortality, a decreased maximum body weight, decreased food intake and increased 
water consumption were seen. At the 15% dose level a slightly decreased maximum 
body weight and a slightly decreased food intake were seen. The effects were 
probably due to increased water absorption of the diet which caused enough bulk 
to limit food intake (Nilson & Wagner, 1951). 

2.2.3.2 Rats 

Four groups of 10 male and 10 female rats (age 4 weeks) received during 
their life span 0, 5, 15 or 25% propylene glycol alginate in their diet. At dose
levels of 15 and 25% in the diet lifespan was slightly reduced and decreased food 
consumption was seen. Death of rats in control as well as test groups was usually 
due to myocardial fibrosis, pneumonia and the multiplicity of cumulative processes 
associated with aging. There were no lesions attributed to toxaemia or to local 
irritative intestinal effects. The bulky diets caused loose and smeary faeces and 
weight gain was reduced, probably due to inanition. Organ weights were not 
determined. Histopathology of major tissues (liver, kidneys, spleen, heart, brain, 
lung, stomach, small intestines, large intestines, ovaries/testes) did not reveal 
abnormalities. A fifth group received 15% propylene glycol alginate in a different 
basal diet. This group showed an increased food and water consumption. Faeces 
were normal in this group. The group was killed after 37 weeks (Nilson & 
Wagner, 1951). 

Groups of 20 male and 20 female rats received 0% or 5% propylene glycol 
alginate in their diet for 2 years as the parent generation of a multigeneration study. 
Two male and two female rats/group were killed after one year for histopathology. 
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After 2 years survival of this F0 generation was 67% for males and 78% for females 
in the control group and 56% for males and 58% for females in the test group. 
Survival time was 761 days. No difference from controls in general condition, 
general behaviour, skin, hair, eyes, mean body weight, or haematology (4 males 
and 4 females/group) was seen. Gross pathology and histopathology of 6 major 
organs did not reveal treatment-related effects (Morgan, 1959). 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

Groups of 20 male and 20 female rats received 0 or 5% propylene glycol 
alginate in their diet. After 5-6 months some animals were mated to produce an F1 

generation. 7 Males and 7 females were F1 controls and 10 males and 10 females 
the test group. The F 1 generation was fed on similar diets and mated after 4 months 
to produce the F2 generation. The F2 generation consisted of 9 male and 10 female 
controls and 9 male and 10 female test animals and were also kept on similar diets. 
F0 generation survived 761 days, while F1 and F2 generation were killed after 202 
and 212 days, respectively. 

No differences from controls were noted regarding mortality, general 
condition, mean body weight, fertility, gestation data, lactation and survival for the 
F1 and F2 generation. Haematology was performed in the F2 generation only and 
did not show abnormalities. Organ weights were not determined. Gross pathology 
and histopathology of 6 major organs did not show abnormalities (Morgan, 1959). 

2.2.5 Special studies on genotoxicity 

The results of genotoxicity studies are summarized in Table 1. 

2.2.6 Special studies on teratogenicity 

2.2.6.1 Mice 

Groups of 22-32 pregnant albino CD-1 mice received daily from day 6 to 
15 of gestation 0, 8, 36, 170 or 780 mg propylene glycol alginate/kg bw/dy by 
gavage as a suspension in com oil. Up to 170 mg/kg bw/dy there was no effect on 
nidation or maternal or fetal survival. The number of abnormalities seen in either 
soft or skeletal tissues did not differ from the number occurring spontaneously in 
controls. At 780 mg/kg bw/dy maternal toxicity resulted in 7/32 deaths. Surviving 
dams and fetuses carried to term appeared normal in all respects (FDRL, 1972). 

2.2.6.2 Rats 

Groups of 24 pregnant Wistar rats receved daily by gavage from day 6 to 
15 of gestation 0, 7, 33, 155 or 720 mg propylene glycol alginate/kg bw/dy as a 
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Table 1. Results of genotoxicity assays on propylene glycol alginate 

Test system Test object Dose-levels Results References 

Ames test Salmonella typhimurium up to 10 mg/pl neg1 Ishidate et al. , 
(6 strains) ate 1984 

Ames test Salmonella typhimurium 5% w/v negative' SRI, 1972 
(2 strains) 

Ames test Salmonella typhimurium up to 0.60% negative1 LBI, 1975 
(3 strains) 

Mitotic Saccharomyces up to 1% w/v negative2 SRI, 1972 
recomb. cerevisiae D-3 

Mitotic Saccharomyces 2.5, 5.0 and negative1 LBI, 1975 
recomb. cerevisiae D4 10% 

Host-mediated Salmonella typhimurium oral doses to negative SRI, 1972 
assay TA 1530 and G46 i.p. mice for 1-5 

in mice days up to 5 
g/kg bw 

Host-mediated Sacharomyces cerevisiae oral doses to negative SRI, 1972 
assay D-3 i.p. in mice mice for 1-5 

days up to 5 
g/kg bw 

Chromosomal Chinese hamster up to 1.0 mg/ negative2 Ishidate et al. , 
aberration fibroblasts (CHL cells) ml 1984; 1988 
assay 

Chromosomal human WI-38 cells up to 1.0 mg/ negative' SRI, 1972 
aberration ml 
assay 

Micronucleus rat bone-marrow once orally negative SRI, 1972 
assay 0.03, 2.5, or 

5.0 g/kg bw or 
daily for 5 
days 0.03, 2.5 
or 5.0 g/kg bw 

Dominant- rats once orally negative SRI, 1972 
lethal assay 0.03, 2.5, or 

5.0 g/kg bw or 
daily for 5 
days 0.03, 2.5 
or 5.0 g/kg bw 

1 Assay without and with metabolic activation. 
2 Assay without metabolic activation. 

suspension in com oil. On day 20 Caesarean section was carried out and dams and 
fetuses were examined for pathological and teratological effects. No compound
related effects were observed (FDRL, 1972). 
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2.2.6.3 llarnsters 

Groups of 20 to 23 pregnant golden hamsters received daily by gavage 
from day 6 to 10 of gestation 0, 7, 33, 150 or 700 mg propylene glycol alginate/kg 
bw/dy as a suspension in com oil. On day 14 Caesarean section was carried out. 
There was no evidence of maternal toxicity or effect on reproduction. Examinations 
of fetuses did not reveal compound-related abnormalities (FDRL, 1974a). 

2.2.6.4 Rabbits 

Groups of 10 to 15 pregnant rabbits received daily by gavage from day 6-
18 of gestation 0, 8, 37, 173 or 800 mg propylene glycol alginate/kg bw/dy as a 
suspension in com oil. On day 29 Caesarean section was carried out. No 
differences with respect to number of corpora lutea, implantation sites, resorption 
sites, number of live and dead fetuses or fetal weights were seen. Gross 
examination of the fetuses did not reveal external congenital abnormalities. Visceral 
and skeletal examination of fetuses from dosed does did not show any differences 
compared to control fetuses (FDRL, 1974b). 

2.2. 7 Special studies on bacteriology 

Two rats were fed control diet during 6 months, thereafter they received 
5% polyethylene glycol alginate in their diet for 3 weeks followed by 2 weeks on 
control diet. Bacteriological examination of the intestinal flora showed lower counts 
of lactobacilli and aerobes but an increased count of coliforms compared to controls. 
The anaerobic counts were comparable with those of controls (Woodard, 1959). 

2.3 Observations in humans 

Fifty individuals known to be allergic to numerous substances were tested 
intradermally with various dilutions of propylene glycol alginate. Fifty other 
individuals without an allergic history or family history of allergy were used as 
controls. 11 Individuals showed slight to moderate skin reactions (8 in test group, 
3 in control group). When five of those showing the greatest reactions (all in test 
group) were fed propylene glycol alginate three showed mild allergic reactions 
which were duplicated in repeated tests. Three control individuals, who showed 
very slight skin reactions, did not react to oral administration of propylene glycol 
alginate (Ouer, 1949). 

Five healthy male volunteers received 175 mg propylene glycol alginate/kg 
bw/day orally for 7 days, followed by 200 mg/kg bw/dy for a further 16 days. The 
daily doses were consumed in three measured portions at intervals each day. The 
portions were prepared by adding the weighed aliquots of propylene glycol alginate 
with rapid stirring to 220 ml cold distilled water. The hydrocolloid was then 
allowed to hydrate for 24 h to a thick but fluid gel to which each volunteer added 
a pre-determined amount of orange juice prior to consumption. The treatment 
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period was preceeded by a 7-day initial control period during which daily an amount 
of orange juice, equal to that to be used later, was consumed. During the treatment 
period enquiries were made with respect to apparent allergic responses. At day 3 
of the initial control period, on the last day the of 23-day treatment period and on 
the last day of the 7-day recovery period the following parameters were examined; 
fasting blood glucose, plasma insulin, breath hydrogen concentrations, 
haematologicalparameters (Hb, Hct, MCV, MCH, MCHC, Er, Leu, Diff, platelets) 
and biochemical parameters (Na, Cl, K, C02, urea, LDH [lactate dehydrogenase], 
ASAT, bilirubin, alk. phosphatase, phosphate, Ca, protein, albumin, creatinine, 
urate, lipids, cholesterol, HDL cholesterol and triglycerides). Routine urinalysis 
was carried out during the initial control week and during the third week of 
treatment. Five-day faecal collections were made during days 2-6 of the initial 
control period and during days 16-20 of the treatment period. Faecal transit time, 
wet wt., dry wt., water content, pH, occult blood, neutral sterols, fat, volatile fatty 
acids and bile acids in faeces were determined. No allergic reactions were 
observed. Propylene glycol alginate exerted no significant effects on faecal 
parameters (pH, water content, wet and dry wts.) Faecal transit time was constant 
in 3 volunteers, increased in one and decreased in one. Faecal total and individual 
volatile fatty acids and total and individual bile acids did not show changes. Faecal 
total neutral sterols and cholesterol decreased in each volunteer. Haematological, 
biochemical and urinary parameters did not show significant changes (Anderson et 
al., 1991). 

3. COMMENTS 

An in vitro study showed partial hydrolysis of propylene glycol alginate 
in simulated intestinal juice (25% within 4 hours; 80% within 24 hours). Partial 
hydrolysis was also observed in an in vivo mouse study. Absorption, distribution, 
and excretion studies in mice showed that unhydrolysed propylene glycol alginate 
and the alginate moiety were not absorbed. Released propylene glycol was rapidly 
absorbed and metabolized to lactic and pyruvic acids. 

In various short- and long-term toxicity studies, 10% or higher propylene 
glycol alginate in the diet caused reduced growth accompanied by reduced food 
consumption and loose stools, the common effects in animals fed high doses of 
bulking agents. 

In a long-term toxicity study in mice (12 months) as well as in long-term 
toxicity studies in rats ( ~ 2 years) the N 0 EL was 5 % . There was no indication 
of a carcinogenic effect. Propylene glycol alginate did not induce gene mutations 
in bacteria or in yeast cells or chromosomal aberrations in mammalian cells in vitro 
or in vivo. 

In addition, in a 2-generation reproduction study in rats, 5% propylene 
glycol alginate in the diet did not cause any effects. Teratogenicity studies in rats, 
mice, hamsters and rabbits did not reveal any teratogenic activity of propylene 
glycol alginate at dose levels of up to 800 mg/kg bw/day. 

No adverse effects were observed in a recent 23-day study in five human 
volunteers in which the substance was given orally at a dose of 200 mg/kg bw/day. 
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4. EVALUATION 

The Committee noted that similar effects - reduced growth, and loose stool 
- have been observed in animal studies with other poorly absorbed compounds 
(including modified cellulose, polyalcohols, gums, modified starches and other 
alginates). The Committee reiterated that the ADI for propylene glycol alginate is 
limited only by the amount of propylene glycol that might be released. Propylene 
glycol alginate containes up to 36% propylene glycol. On the assumption that all 
of this amount is hydrolyzed, and taking into account the ADI of 0-25 mg/kg by for 
propylene glycol, the Committee allocated an ADI of 0-70 mg/kg bw (100/36 x 25) 
to propylene glycol alginate. 

The Committee was aware of new toxicological studies on propylene 
glycol, but as the compound was not on the agenda, the data were not reviewed. 
The Committee recommended that propylene glycol be reviewed at a future 
meeting. Because the ADI for propylene glycol alginate is based on the ADI for 
propylene glycol, the Committee also recommended that the former substance be 
reconsidered at the same meeting. 
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1. EXPLANATION 

B-Cyclodextrin is a cyclic heptamer composed of seven glucose units joined 
"head-to-tail" by a-1,4 links. It is produced by the action of the enzyme, 
cyclodextrin glycosyl transferase (CGT), on hydrolyzed starch syrups. CGT is 
obtained from Bacillus macerans, B. circulans or related strains of Bacillus. 

As a result of its cyclic structure, B-cyclodextrin has the ability to form 
inclusion compounds with a range of molecules, generally of molecular mass ofless 
than 250. It may serve as a carrier and stabilizer of food flavours, food colours and 
some vitamins. Intake of B-cyclodextrin from use as a food additive has been 
estimated at 1-1.4 g/day. Other applications in decaffeination of coffee/tea and in 
reducing the cholesterol content of eggs by complexation followed by separation of 
the complex would make a much lower contribution to intakes. 

B-Cyclodextrin has not been reviewed previously by the Joint FAO/WHO 
Expert Committee on Food Additives. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2 .1.1. Absorption, distribution, and excretion 

B-cyclodextrin is resistant to hydrolysis by acid (Szeftli & Budai, 1976), 
a- and B-amylases and yeast. It is thus not readily digested in the upper 
gastrointestinal tract by gastric or pancreatic enzymes (Jodal et al. 1984). 

In a preliminary comparative metabolism study in rats, groups each of 2 
animals were given 14C-labelled a-cyclodextrin, B-cyclodextrin or gelatinised potato 
starch by gavage as approximately 2.5 ml of a 2.5% aqueous solution. Urine, 
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faeces and expired air were collected for 17-23 hours after which residual 
radioactivity was assayed in the gastro-intestinal tract (caecum and caecal contents 
separately), liver, kidneys, heart, lung, spleen, gonads and residual carcass. 
Animals receiving B-cyclodextrin metabolized the compound more slowly than 
starch, as indicated by the time course of elimination of 14C02 in expired air, but 
by the end of collection the total amount of the dose excreted by this route (48.6% 
and 66.8% of the dose as 14C02 after 17 and 23 hours respectively) was similar to 
that of the group given starch; excretion of activity in the urine (3.6-5.1%) and 
faeces (0-5 .4%), and the residual levels in organs and carcass were also similar in 
the groups given B-cyclodextrin and starch (Andersen et al. 1963). 

B-Cyclodextrin, purity > 77% , and glucose, uniformly labelled with 14C, 
were administered to rats by gavage as solutions in 20% aqueous dextran at dose 
levels of 13 mg/kg bw for glucose and 36 and 313 mg/kg bw for B-cyclodextrin. 
In the case of glucose, blood levels of radioactivity peaked within 10-30 minutes of 
dosing whereas with the lower dose of B-cyclodextrin, peak blood levels were 
observed between 4 and 11 hours following administration. At the lower dose level 
of B-cyclodextrin, the respired radioactivity, as a percentage of the dose, was 
similar to that after dosing with glucose whereas at the higher dose a smaller 
percentage was respired. In the eighth hour after the high dose (313 mg/kg bw) no 
more than 3-50ppm B-cyclodextrin was detectable in blood. It was concluded that 
B-cyclodextrin is not absorbed to a significant extent from the stomach or small 
intestine of rats but that hydrolysis to open chain dextrins/glucose occurs in the 
large intestine by a combination of the action of the gut microflora and endogenous 
amylases. This process may be saturated, and unabsorbed material can be excreted 
in faeces at high dose levels. The oxygen consumption of slices of rat small 
intestine was measured in the presence of glucose, maltose, starch and 13-
cyclodextrin as substrates; the rate of oxygen consumption was increased by all 
substrates except B-cyclodextrin (Szejtli et al. 1980; Gerl6czy et al. 1981; 1985). 

The intestinal absorption, digestibility by the colonic microflora, and 
urinary excretion of B-cyclodextrin were studied. Using everted sacs of rat small 
intestine in vitro and ligated gut loops in vivo, absorption was shown to be slow, 
concentration-dependent, not saturable and not inhibited by phloretin; this indicates 
that a passive transport process is involved. Rat caecal microflora were able to 
utilize B-cyclodextrin under anaerobic conditions in vitro, indicating that the 
compound may be hydrolyzed to glucose by bacterial enzymes. It was concluded 
by the authors that B-cyclodextrin may be utilized by the rat but only indirectly by 
the activity of the gut flora (Szabo et al. 1981a,b). 

Fasted male Sprague-Dawley rats were given a dose of 1 500 mg B
cyclodextrin (about 3 235 mg/kg bw). Only small amounts (0.6-4% of the dose) 
were excreted in the faeces in a 60 hour period post-dosing and negligible amounts 
(0-0. 9% of the dose) remained in the gastrointestinal tract. In a separate experiment 
using a similar dose, a large proportion was shown to be converted to glucose 
between 3 and 8 hours after dosing (Suzuki & Sato, 1985). 
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In a 13 week short-term study in beagle dogs (see section 2.2.2.3) animals 
received B-cyclodextrin at dietary levels of 1.25, 2.5, 5 or 10%, equal to mean daily 
doses of 570, 1 234, 2 479 or 4 598 mg B-cyclodextrinlkg bw. Twenty-four-hour 
urine samples were analyzed for B-cyclodextrin at weeks 7 and 13, faeces at week 
13 and serum was collected 1, 3, and 6 hours after dosing during week 13. 

The urinary concentrations of B-cyclodextrin at week 7 were 332±76, 
510±163, 1 222±491 and 4 218±1 833 mg/1 in the respective dose groups; the 
corresponding values at week 13 were 631±707, 467±335, 817±395 and 2 
206±528 mg/1. Although, because of the daily dietary dosing regime, it is not 
possible simply to express the amount excreted as a percentage of dose, 
approximately 0.6-1.7% of the mean 24-hour dose was excreted in 24-hour urine 
and the percentage was not dependent on dose. In week 13, faecal concentrations 
of B-cyclodextrin (based on dry matter) in the respective dose groups were 1. 3, 1.1, 
1. 8 and 6. 5 % . Serum levels of B-cyclodextrin increased in a dose-dependent 
manner and with time after dosing up to 6 hours. No B-cyclodextrin was detected 
in the lowest dose group and only low levels (1 mg/1 increasing to 5 mg/1 in the 
2.5% dose group; serum levels increased from 4 to 8 mg/1 in 1 to 6 hours in the 
5 % dose group and from 8 mg/1 to 46 mg/1 in the 10% group. These results 
indicate that a small proportion of the dose may be absorbed from the 
gastrointestinal tract in the dog (Smith et at. 1992). 

2.1.2. Biotransformation 

Twenty-four out of thirty strains of Bacteroides isolated from the human 
colon were able to degrade B-cyclodextrin and utilize it as a sole carbon source. 
Detailed examinations carried out on the dextrinases from two strains, Bacteroides 
ovatus 3524 and Bacteroides distasonis C 18-7 indicated that cyclodextrinase activity 
was predominantly cell bound and inducible in both organisms. The products of 
hydrolysis of crude cyclodextrinase preparations from these two organisms were 
markedly different, the former producing only glucose whereas the latter produced 
a series of maltooligomers (Antenucci & Palmer, 1984). 

In vitro, B-cyclodextrin was resistant to hydrolysis by purified a-amylase 
from Aspergillus oryzae. On incubation for 24 h at an initial B-cyclodextrin 
concentration of 15.8 mM, only 17% was degraded; the breakdown products were 
glucose (12%), maltose (2%) and maltotriose (3%) (Jodal et at. 1983). 

2.2. Toxicological Studies 

2.2.1. Acute toxicity studies 

The results of acute toxicity studies with B-cyclodextrin are summarized 
in Table 1. 
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Table 1. Results of acute toxicity studies with B-cyclodextrin. 

Species Sex Route LD50 Reference 
(mg/kg 
bw) 

Mouse M oral >3 000 Sebestyen (1980) 

Mouse F oral >3 000 Sebestyen (1980) 

Mouse M i.p. 372 Sebestyen (1980) 

Mouse F i.p. 331 Sebestyen (1980) 

Mouse M S.C. 419 Sebestyen (1980) 

Mouse F S.C. 412 Sebestyen (1980) 

Rats M oral >5 000 Sebestyen (1980) 

Rats F oral >5 000 Sebestyen (1980) 

Rats M i.p. 373 Sebestyen (1980) 

Rats F i.p. 356 Sebestyen (1980) 

Rats M&F i.v. 788 Frank et at. (1976) 

Rats M S.C. >1 000 Sebestyen (1980) 

Rats F S.C. >1 000 Sebestyen (1980) 

Rats M&F dermal >2 000 Sebestyen (1980) 

Rats M&F inb >4.9* Busch et al. 1985 

Dog M oral >5 000 Sebestyen (1980) 

Dog F oral >5 000 Sebestyen (1980) 

* milligrams/litre of air for 4 hours 

2.2.2. Short-term toxicity studies 

2.2.2.1. Mice 

In a repeat-dose study of very limited scope which was not reported in 
detail, mature male mice (number not stated) were given daily oral doses of 6 ml 
of a 1% solution of B-cyclodextrin for 15 days. No effects were observed on body 
weight or relative liver weight. B-Cyclodextrin was detected in excreta (unclear 
whether urine and/or faeces) by paper chromatography but could not be detected in 
liver or gastrointestinal tract (limit of detection not stated)(Miyazaki et al. 1979). 

2.2.2.2. Rats 

In a 13 week oral toxicity study in Long-Evans rats, body weight 80-100 
g at commencement, B-cyclodextrin (purity not specified) was administered by 
gavage as a suspension in aqueous 1% methylcellulose to groups of 10 male and 10 
female animals at daily dose levels of 200, 400 or 600 mg/kg bw; controls (15 



6-CYCLODEXTRIN 177 

animals of each sex) received an equal volume of 1 % methylcellulose solution. 
Following high mortality (4 males, 3 females) due to misdosing in the 400 mg/kg 
bw group, a repeat experiment was carried out at this dose level with a separate 
control group of 5 animals. Body weight and food intake were recorded weekly and 
urinalysis, haematological and clinical biochemical were performed at termination. 
At autopsy, heart, lung, liver, kidneys and spleen were weighed, and examined 
macroscopically and histologically together with gonads, stomach, intestine, 
pancreas, adrenals and brain. 

No abnormal clinical signs were observed and there were no deaths other 
than 1 male in the low-dose group and 1 female in the high-dose groups, attributed 
to misdosing. There were no significant treatment-related changes in mean body 
weight, food consumption, or relative organ weights at termination. No effects due 
to B-cyclodextrin were observed in haematological parameters (Hb, haematocrit, 
MCH, RBC, total and differentialleucocytes) or in the clinical biochemical indices 
ASAT, Alk-P-ase, BUN, bilirubin or creatinine; dose-related but non-statistically 
significant changes were reported for ALAT in females (decreased) and Alk-P-ase 
(decreased in males, increased in females) but these were not considered to be of 
toxicological relevance. Urinalysis for colour, pH, protein, glucose, urobilinogen, 
bilirubin, ketones and sediment gave similar results between treated animals and 
controls except for blood detected in the urine of some females of the low-dose 
group. There were no significant, dose-related changes in the incidence of any 
lesions in any of the tissues examined histologically but there was a high 
background incidence of parasitic and bacterial infection. 

The power of this study was limited by the small number of animals used 
and the incidence of lesions due to infection but, within these limits, the NOEL was 
600 mg/kg bw/day, the highest dose tested (Sebestyen, 1979; Tury, Aobos-Kovacs 
& Somogyvari, 1979). 

Groups of 17 (19 at the highest dose) male and female Sprague-Dawley 
rats, 4 weeks old at commencement of the study, were given B-cyclodextrin by 
gavage in aqueous suspension at daily dose levels of 0, 100, 400 or 1 600 mg/kg 
bw After 3 months administration an interim sacrifice was made as follows: 
Control, 5 males & 4 females; 100 mg/kg bw/d group, 3 males & 5 females; 400 
mg/kg bw/d group, 5 males & 4 females; 1600 mg/kg bw/d group, 2 males & 4 
females. The remaining animals were maintained on the same dosing regime to 6 
months. Food and water intake and body weights were determined weekly. At 
termination, urinalysis (pH, protein, glucose, ketone bodies, blood, bilirubin, 
urobilinogen) was carried out on 5 animals of each sex in each group; 
haematological (RBC, WBC, haemoglobin and haematocrit) and serum biochemical 
analyses (protein, albumin/globulin, GOT, GPT, Alk-P-ase, BUN, bilirubin, total 
cholesterol and glucose) were carried out on all survivors. At autopsy, the 
following organs were weighed: brain, pituitary, thyroid, thymus, heart, lung, liver, 
kidneys, adrenals, spleen, pancreas, testes or ovaries; these organs and stomach and 
intestinal tract were examined histologically (haematoxylin & eosin). 

A total of 18 animals died during the study as follows: 100 mg/kg bw/d, 
3 males; 400 mg/kg bw/d, 2 females; and 1600 mg/kg bw/d, 6 males and 7 
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females. It was claimed that these deaths were due to misdosing, as no 
abnormalities were detected other than "pneumonia-like" lung pathology. There was 
a small decrement of weight gain of both sexes in the top-dose group only, 
otherwise weight gain, food and water intake were similar to controls and there 
were no treatment-related effects on organ weights, urinalysis or haematological 
parameters. Serum biochemical indices generally were within the normal range 
although some significant differences from controls were observed, notably a dose
related increase in alk-P-ase in males and a decrease in blood glucose in females of 
the top two dose groups. Gross and histopathological examination did not reveal 
any treatment-related abnormalities. If the deficit in weight gain at the top-dose 
level is considered an adverse effect in the absence of other, pathological, changes, 
the NOAEL for this study is 400 mg/kg bw/day by gavage (Makita et al., 1975). 

Following a two-week pilot study, a 26 week oral toxicity study was 
conducted in Long Evans rats, body weight 80-100 gat commencement, in which 
B-cyclodextrin (purity not specified) was administered by gavage as a suspension in 
aqueous 1% methylcellulose to groups of 15 male and 15 female animals at daily 
dose levels of 200, 400 or 600 mg/kg bw; controls received an equal volume of 1% 
methylcellulose solution. Additional groups of 6 animals of each sex were similarly 
dosed for 6 months followed by a 2-month recovery period prior to autopsy. Body 
weight and food intake were recorded weekly and urinalysis, haematological and 
clinical biochemical examinations were performed at termination. At autopsy, 
heart, lung, liver, kidneys, spleen and testes were weighed; macroscopical and 
histological examinations (haematoxylin, eosin, Oil red 0, and PAS) were carried 
out on heart, lungs, liver, kidneys, spleen, gonads, stomach, intestine, pancreas, 
adrenals, lymph nodes and thymus. 

In the course of the study there were 5 deaths, not dose-related and 
attributed to intercurrent disease. No adverse effects of treatment on clinical 
condition were seen in any dose group. Food consumption was reduced in all 
treated male groups between weeks 18 and 24, body weight gain was reduced in 
males of the two highest dose groups between weeks 6 and 21 leading to a 10% 
deficit in weight gain in the top-dose group; females showed little change in food 
consumption or weight gain. Statistically significant differences were observed in 
some haematological and clinical biochemical parameters but in most cases these 
were not systematically related to treatment and/or were within normal physiological 
ranges. Dose-related increases in blood glucose were observed in all groups, 
significantly so in females of all dose groups and in males of the top-dose group. 
Statistically significant increases, seen only at the top dose level, occurred in total 
bilirubin and Ca (males only), and in Cl, total protein and albumin/globulin ratio 
(females only) but were considered not to be of toxicological significance. No 
significant treatment-related changes in organ weights were observed except for a 
dose-related reduction in spleen weight, significant in all female treatment groups 
and in males of the top-dose group. However, these changes did not appear to 
associated with functional or histological alterations in the spleen and no treatment
related histological abnormalities were observed in heart, lung, liver, kidney, 
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adrenals, gastrointestinal tract, gonads, lymph nodes, pancreas or thymus; no nerve 
tissue was examined histologically. 

In the 2 month withdrawal period following 6 months of treatment, the 
deficit in body weight in the high-dose males was largely recovered. A significant 
increase in relative lymphocyte numbers was reported in all treated males but not 
in females. Changes were noted in some organ weights, notably increased relative 
weights of lungs and kidneys in males of the top two dose groups, a decreased 
relative spleen weight in males in the top-dose group and decreased relative liver 
weights in females of the low and high (but not intermediate) dose groups. These 
changes were small and unaccompanied by obvious functional changes, and were 
not considered to be of physiological significance. Blood glucose levels remained 
higher than controls in all treated male groups and in the top-dose female group but 
were within the normal range as were the other clinical biochemical parameters. 
The reductions in spleen weights seen in both sexes (up to 40% reduction in top 
dose males) were reported not to be accompanied by histopathological changes but 
individual histological details were not provided and a no-observed-effect-level 
cannot be established from this study (Gergely, 1982; Meszaros & Vetesi, 1982). 

A 90-day study was conducted by dietary administration of B-cyclodextrin 
to male and female Sprague-Dawley-derived OFA rats. The test material, 99.7% 
pure on a dry weight basis, was administered to groups of 20 male and 20 female 
animals, 6-8 weeks old at commencement, by replacing starch in a semi-synthetic 
diet at levels of 0, 1.25, 2.5, 5 or 10%; a "carbohydrate control" group received 
lactose at a dietary level of 10% . Body weight and food intake were recorded 
weekly; water intake was monitored 3 times per week. Ophthalmological 
examinations were conducted on all animals at the start and on 10 animals from the 
two control groups and the highest dose group at termination. Urine volumes and 
concentrations of B-cyclodextrin were recorded at 6 weeks and at the end of the 
study. Blood and urine biochemistry, haematology and histopathology examinations 
(controls and high-dose group only) were carried out at termination. The 
histopathological studies included histochemical examination (Perl's reaction) for 
ferric iron in liver, kidneys, spleen and lymph nodes. Serum analyses included 
cholesterol, triglycerides, glucose, urea, creatinine, total bilirubin, total protein, 
albumin, GOT, GPT, Alk-P-ase, Na, K, Ca and CI-; urinalyses included glucose, 
urea, uric acid, creatinine, total protein, Na, K and Ca. Haematological 
examinations included haemoglobin, PCV, MCH, MCHC, MCV, RBC, total and 
differential leucocyte counts and prothrombin time. At autopsy, relative organ 
weights were determined for brain, gonads, kidneys, spleen, thymus, caecum, heart 
and liver. 

One male from the lowest B-cyclodextrin dose group died in the course of 
the study but there were no indications that the death was related to treatment. 
There were inconsistent differences in food consumption between groups but no 
significant difference between the 10% B-cyclodextrin and the 10% lactose groups. 
The dose achieved in the top-dose group was approximately 4.4 g/kg bw/day and 
5.3 g/kg bw/day for males and females respectively. No significant differences 
were recorded in water consumption between treatment groups in males but the 
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lactose control group showed a reduced intake in weeks 4, 5 and 6. With females 
there was a slight increase in water consumption for the 5 and 10% B-cyclodextrin 
groups. No significant differences in body weight were observed in any of the 
groups, except for the male lactose control group, and there were no dose-related 
adverse effects on haematology, serum biochemistry or urine composition. A small 
fraction of the dose of B-cyclodextrin was recovered in urine of animals of the top 
two dose groups and represented 0.1-0.3% of the highest dose administered. The 
absolute and relative filled caecal weights of the rats, of both sexes, were increased 
following administration of diets containing B-cyclodextrin or lactose (a common 
feature in rats receiving poorly absorbed and slowly digestible carbohydrates). No 
treatment-related effects which were considered by the authors as indicative of a 
toxic response were found from the histopathological examination and it was 
concluded that B-cyclodextrin appeared to lack toxicological activity at the doses 
tested (Olivier et al. 1991). 

A review of the above study was carried out by an ad hoc Scientific 
Advisory Group which essentially confirmed the authors' conclusions. In noting 
that in the caeca of female rats of the high B-cyclodextrin dose group there was a 
significant increase in sub-mucosal lymphoid follicles the reviewers considered that 
this was not of toxicological importance as it is commonly associated with caecal 
enlargement. The increase in the presence of sinus macrophages in the lymph nodes 
seen in both males and females of the high-dose group was considered to be a 
physiological rather than a toxic response to the high levels of B-cyclodextrin in the 
diet. The review group did not comment on the observation that there was a low 
incidence of hepatic focal fibrosis in animals from the top-dose group (3/20 and 
1120 in males and females respectively) which was not seen in controls or in the 
group receiving lactose. The group concluded unanimously that this subchronic 
study was well designed and properly conducted (Blumenthal et al. 1990). 

2.2.2.3 Dogs 

The oral toxicity of B-cyclodextrin (purity not specified) was examined in 
a 24-week study in beagles. Groups of 3 males and 3 females were given daily oral 
doses of 0, 100, 250 or 500 mg/kg bw, corrected for body weight changes every 
three weeks. The material was administered in boluses made from egg yolk and 
dried breadcrumbs before the standard diet. Food intake, clinical signs (behaviour, 
pulse rate, respiratory rate) were recorded initially and at the third, sixth, twelfth, 
eighteenth and twenty-fourth week of treatment; at the same time blood samples 
were collected for haematology (Hb, PCV, MCHC, WBC, differentialleucocytes) 
and biochemical analyses (ASAT, ALAT, Alk-P-ase, BUN, glucose, bilirubin, total 
protein, inorganic P and Ca). At autopsy, the following organs were weighed: 
liver, spleen, kidneys, gonads, heart, lung and brain; in addition to these organs, 
histological examinations were performed on adrenals, stomach, small and large 
intestine, pancreas, spinal cord and tissues showing gross lesions. 

All animals survived, but one dog from the top-dose group developed 
fever, lost appetite and showed catarrhal symptoms during the last week of the 



6-CYCLODEXTRIN 181 

study, necessitating treatment with anti-distemper serum and antibiotics for four 
days; treatment with B-cyclodextrin was continued during this period. Diarrhoea 
was observed in some cases but did not appear to be due to administration of B
cyclodextrin and the condition resolved spontaneously or after treatment with 
Tannocarbon and bolus astringents for 1-2 days. No treatment-related changes in 
pulse or respiratory rates were detected. There were no significant dose-dependent 
changes in blood biochemical parameters, although the values for bilirubin were 
very scattered, presumably due to haemolysis, at 0 and 3 weeks. Haematological 
examination also did not reveal any treatment-related changes; an increased 
eosinophil count in some cases was due to parasitic infestation, confirmed at 
autopsy. There were no significant changes in organ weights although absolute and 
relative liver weights tended to be lower in all treated groups, and mean relative and 
absolute spleen weights were increased in all treated groups. Histopathological 
changes observed were attributed to the method of sacrifice (magnesium sulfate 
injection) and were not dose-related. The poor condition of some of the animals 
due to parasitic infestations and the agonal changes due to the method of sacrifice 
limited the sensitivity of the study but no obvious compound-related toxicity was 
detected (Haraszti, 1978; Tury et al. 1978). 

In a 13-week study, groups of 2 male and 2 female beagles were given B
cyclodextrin in the diet at levels of 0, 1.25, 2.5, 5 or 10% (the top-dose group 
received the test material at 5% of the diet for the first week and 10% thereafter). 
The purity of the B-cyclodextrin tested was stated to be ~ 99.0%. The animals 
were acclimatised for four weeks prior to administration of the test compound 
during which time they received inoculations and anthelminthic treatment. The 
condition of the animals and food intake were recorded daily and body weight was 
measured weekly. Ophthalmoscopic examinations were performed at the beginning 
and end of the study; blood was collected for comprehensive haematology and 
clinical biochemical analysis prior to dosing and on weeks 6 and 13; total 24-hour 
urine samples were collected for analysis in weeks 7 and 13. Urine samples, and 
faeces collected during week 13, were analysed for B-cyclodextrin as were blood 
samples collected 1, 3 and 6 hours after feeding. At termination organ weights 
were recorded for adrenals, brain, heart, kidneys, liver, lungs, pancreas, pituitary, 
spleen, thymus, thyroids and gonads. An extensive range of tissues was fixed at 
autopsy but histopathological examination was limited to the alimentary tract (8 
levels), kidneys, liver, pancreas, urinary bladder and all macroscopically abnormal 
tissues. 

The achieved group mean intakes of B-cyclodextrin averaged over the 13 
weeks of the study were 570, 1234, 2479 and 4598 mg/kg bw/day in the 1.25, 2.5, 
5 and 10% dietary dose groups, respectively. In the course of the study, liquid 
faeces were noted spasmodically in all animals, including controls, but the incidence 
was higher in the top-dose group (46.7%) than in controls (11.8%) or the 5% dose 
group (15.7%) and the higher frequency was considered to be treatment-related; 
there was also a significant decrement of weight gain in the top-dose group only, 
not associated with reduced food intake. No other clinical symptoms attributable 
to treatment were observed and the ophthalmoscopic examinations were normal. 
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Haematological parameters were similar to controls except that red cell counts, 
haematocrit and haemoglobin levels were statistically significantly reduced in the 
top-dose group at weeks 6 and 13, and in the 5% dose group at week 6 only; 
however, the changes were small and similar trends were observed in the 
acclimatisation period so the toxicological significance was considered equivocal. 
Reductions were observed in the group mean serum levels of cholesterol, HDL and 
B-lipoprotein at weeks 6 and 13 for dogs in the 5% and particularly 10% dose 
groups; in the top-Jose group, total protein, albumin, calcium and phospholipid 
levels were slightly reduced at weeks 6 and 13, and sodium levels were slightly 
reduced in week 13 only. Other biochemical parameters were unaffected by 
treatment. Urinalysis indicated that protein levels were elevated in the 5 and 10% 
dose groups at weeks 6 and 13 but there were no other notable findings due to 
treatment. At autopsy, organ weights were generally unaffected by treatment; the 
group mean absolute thymus weight in the top-dose group was significantly lower 
than controls (p < 0.5) but similar to the lowest-dose group and there was no dose
related trend with the mean group weight being non-significantly higher than 
controls in the 5% dose group. It was concluded that treatment had no conclusive 
effect on organ weights. No macroscopic abnormalities were observed and there 
were no observable treatment -related changes in the tissues examined histologically. 
The authors concluded that the 2.5% dose level (equal to 1234 mg/kg bw/d) was a 
NOEL and that, in the absence of any treatment-related macroscopic or microscopic 
pathological findings, the other effects noted were indicative of only a mild toxic 
response. However, the small number of animals and the restricted histological 
examination limited the power of this study. B-Cyclodextrin in dose-dependent 
concentrations was detected in urine, faeces and blood of these animals dosed orally 
(see Biochemical Aspects above) (Smith et al. 1992). 

2. 2. 3. Long-term toxicity I carcinogenicity studies 

No information available. 

2.2.4. Reproduction studies 

No information available. 

2.2.5. Special studies on teratogenicity 

2.2.5.1. Rats 

A teratogenicity study was conducted in CFY rats in which groups of 40 
mated females (30 in control group) with positive vaginal smears were given B
cyclodextrin by gavage in 1% methyl cellulose suspension at dose levels of 0, 200, 
400 and 600 mg/kg bw/dy on days 7-11 post coitus. The animals were killed on 
day 21 and the number of implants, resorptions, live and dead fetuses, fetal weights 
and rates of congenital anomalies recorded (no details were given of the 
methodology of the teratological examinations). 
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The conception rate was poor (about 30%) giving only 11-12 pregnant 
animals in each group. Five animals from the top and mid-dose groups and 1 from 
the low-dose group died during the study, the deaths being attributed to 
bronchopneumonia due to mis-dosing. Maternal weight gain was reduced in a dose
related manner but there were no changes in mean number of implants (12.7 -14.1), 
resorptions (1.3-7.3%) fetal viability (93-99%) or fetal weight (3.5-3.9 g). There 
were 5 congenital anomalies reported out of 628 fetuses, 2 in the low-dose group 
(hydronephrosis, cardiac anomaly), 1 in the mid-dose group (cardiac anomaly) and 
2 in the top-dose group (both absence of right kidney); no anomalies were seen in 
the control group. No details were given of any examination for skeletal anomalies. 
The authors state that the incidence of congenital malformations corresponded to the 
"spontaneous" incidence but no anomalies were seen in controls and no historical 
data were presented to support this conclusion (Jellinek et al, undated). 

Following a pilot investigation at dose levels of 500 and 2 500 mg/kg 
bw/day a teratology study was performed in Wistar rats given B-cyclodextrin as a 
suspension in 1.25% aqueous methyl cellulose by gavage at doses of 0, 100, 500 
and 2 500 mg/kg bw/day on days 7-16 of pregnancy. The group sizes were 26-28 
sperm positive females, of which 22-25/group proved to be pregnant. The dams 
were sacrificed on day 21 and the following parameters monitored: number of 
corpora lutea and implantations, preimplantation loss, embryonic and late fetal 
mortality, and number of viable fetuses. About 50% of the fetuses from each litter 
were examined for soft tissue defects (Wilson's technique) and the remainder were 
cleared, stained (Alizarin Red or Alcian Blue/ Alizarin red) and examined for 
skeletal anomalies. 

The doses used in this study had no effect on the clinical condition, food 
consumption or weight gain of the dams and there were no significant effects on 
intra-uterine mortality, viable fetuses or on the incidence or type of congenital 
malformation. The anomalies recorded in this study were regarded as sporadic and 
unrelated to treatment, and had been seen previously among fetuses from over 600 
control dams. Under the conditions of this study, there was no evidence of 
fetotoxicity or teratogenicity (Druga, 1985). 

In a further teratogenicity study in Sprague-Dawley rats, groups of 24-30 
mated females were given B-cyclodextrin as a suspension in 1% aqueous methyl 
cellulose by gavage at doses of 0, 1 250, 2 500 and 5 000 mg/kg bw/day on days 
7-16 of pregnancy. The dams were sacrificed on day 21 and the following 
parameters monitored: number of corpora lutea and implantations, live and dead 
fetuses and fetal size. About 50% of the fetuses from each litter were examined for 
visceral anomalies (Wilson's technique) and the remainder were cleared, stained 
(Alizarin Red) and examined for skeletal anomalies. 

A slight growth retardation was observed in the highest dose group, 
significant from day 8 to 21, which was associated with a reduced food intake; 
otherwise there was no effect of treatment on weight gain of the dams. No 
mortality which could be ascribed to the test compound was observed but 5 animals 
in the top-dose group died as a result of misdosing and oesophageal perforation, 
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reducing the effective number from 30 to 25. There were no statistically significant 
differences between groups in any of the following: uterine weight (full and empty), 
placental weight, weight of fetuses, number of fetuses (all were alive), number of 
implantation sites, resorptions and corpora lutea or sex ratio. There were no 
significant effects on the incidence or type of congenital malformation. The 
anomalies recorded in this study were regarded as unrelated to treatment. Under 
the conditions of this study, there was no evidence of fetotoxicity or teratogenicity 
at doses of up to 5 000 mg/kg bw; retardation of weight gain of the dam seen at 
this dose level was not apparent at a dose of 2 500 mg/kg bw/dy (Leroy et al. 
1991). 

2.2.5.2. Rabbits 

Following a pilot investigation at dose levels of 250, 500 and 1 000 mg/kg 
bw/day a teratology study was performed in groups of 12-14 thalidomide-sensitive 
New Zealand white rabbits. The dams were artificially inseminated and given B
cyclodextrin as a suspension in 1.25% aqueous methyl cellulose by gavage at doses 
of 0, 150, 300 and 600 mg/kg bw/day on days 7-19 of gestation. The dams were 
sacrificed on day 28 of gestation and the following parameters monitored: number 
of corpora lutea and implantations, preimplantation loss, embryonic and late fetal 
mortality, and number of viable fetuses. All of the fetuses from each litter were 
examined for external and visceral abnormalities on the day of autopsy and the 
fetuses then fixed, stained (Alizarin Red) and examined for skeletal anomalies. 

At the doses used, B-cyclodextrin had no effect on the clinical condition, 
food consumption or weight gain of the dams and there were no significant effects 
on intra-uterine mortality, fetal size or number of viable fetuses. The incidence of 
minor congenital malformations was slightly but not significantly elevated in all 
treated animals and was not dose-dependent. The anomalies recorded in this study 
were regarded as sporadic and unrelated to treatment, and under the conditions of 
this study, there was no evidence of fetotoxicity or teratogenicity (Doczy 1985). 

2.2.6. Special studies on genotoxicity 

The results of genotoxicity studies with B-cyclodextrin are summarized in 
Table 2. 

2.2. 7 Special studies on nephrotoxicity 

The experimental use of B-cyclodextrin in dialysis fluids has been 
associated with a characteristic nephrosis. Groups of 4 rats of 100-125 g body 
weight were given single subcutaneous injections of B-cyclodextrin at dose levels of 
225, 450 or 900 mg/kg bw and sacrificed 12, 24, 48 or 96 hours later. In a repeat
dose study, similar animals were given doses of 225, 450, 675 or 900 mg/kg daily 
for 1, 2, 3, 4 or 7 days and killed 24 hours after the last dose. The kidneys were 
examined by light and electron microscopy. A characteristic nephrosis was 
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observed, manifested as a series of alterations in the vacuolar organelles of the 
proximal convoluted tubule. The changes started with an increase in apical vacuoles 

Table 2. Results of genotoxicity studies with B-cyclodextrin. 

Test system Test Object Concentration Results 

Host-mediated E. coli WP2uvr A Doses to rat of 0, 
assay in rat ttp·, S. typhimurium 100 or 1 000 

TA1538 mg/kg bw 

Chromosome Long Evans rat 0, 200, 400 or 600 * 
aberration (?)bone marrow mg/kg bw/d for 3 

m. 

Mouse micro- Mouse bone- 100 mg/kg bw 
nucleus test marrow 

Sex-linked Drosophila 1.6, 8 & 16 mM 
recessive letbal metanogaster 
mutation 

Ames test ( 1) S. typhimurium 0, 0.1, 0.5, 1, 2 & 
TA98, TAlOO, 4 mg/plate 
TA1535, TA1537, 
TA1538 

HPRT mutation (6- V79 Chinese 10, 30, 100, 300 & 
thio-guanine hamster cells 1 000 l'g/ml 
resistance) ( 1) 

In vitro Human 100, 300 & 1 000 
chromosome lymphocytes ,.,gtml 
aberration test (1) 

*The number of cells examined was small relative to normal guidelines 
(1) Witb and without rat liver S9 fraction 

Reference 

Igali 1978 

Czeizel 1978 

Weill, 1988 

Panidi 1987 

Weill, 1987 

Marzin et at. 1990 

Marzin et at. 1991 

and appearance of giant lysosomes followed by extensive vacuolation, cell 
disintegration and amorphous mineralization. These lesions were evident following 
a minimal single dose of 675 mg/kg bw and a crude dose-response relationship was 
established. The earliest manifestations, midcellular cytoplasmic vacuoles, were 
observable 24 hours after injection. Following repeated dosing, light microscopic 
lesions were found in one rat given 225 mg/kg bw/dy for 4 days and daily injections 
of 450 mg/kg bw resulted in severe nephrosis but no deaths; all the animals given 
repeated doses of 900 mg/kg bw/dy died within 4 days. It was concluded by the 
authors that intracellular concentration of non-metabolisable B-cyclodextrin by the 
lysosomal pathway represents a "perversion" of the physiologic function of the 
proximal tubule, leading to cell death (Frank et al. 1976). 

In studies of the use of B-cyclodextrin in peritoneal dialysates to accelerate 
removal of i. v. phenobarbital in adult rats, it was observed that a number of the 
animals given 1. 5% B-cyclodextrin solution in physiological phosphate i. p. at a level 
of 15% of body weight died overnight. In a follow-up study, blood urea nitrogen 
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(BUN) was determined after administration of 6-cyclodextrin orally as 10 ml of a 
6% suspension or i.p. as a 0.75% solution in phosphate buffer. Following fasting 
for 5 hours and gavage with single or three daily doses, BUN was within the normal 
range 24 hours after the last dose. Intra-peritoneal administration of 6-cyclodextrin 
was accompanied by a significant increase (3-4 fold) in BUN 24 and 72 hours after 
administration. The BUN levels fell after 100 hours and returned to normal (Perrin 
et at. 1978). 

Subcutaneous administration of 6-cyclodextrin at a daily dose level of 450 
mg/kg bw in saline on 7 consecutive days resulted in polyuria and proteinuria, a 
doubling in relative kidney weight and a decrease in the activities of succinic 
dehydrogenase, alkaline phosphatase, glucose-6-phosphatase and 6-glucuronidase in 
proximal convoluted tubules (Hiasa et at. 1981). 

2.2.8 Special studies on skin irritancy/sensitisation 

2.2.8.1 Guinea-pigs 

Evaluation of the cutaneous delayed hypersensitivity of 6-cyclodextrin was 
carried out in albino Dunkin-Hartley guinea-pigs using groups of20 animals of both 
sexes. Seven applications (induction phase) and challenge were carried out using 
0.4 g 6-cyclodextrin moistened with 0.5 ml water. Macroscopic examinations were 
carried out 6, 24 and 48 hours after removal of the occlusive patches. 
Histopathological examinations were carried out on 6 animals showing doubtful 
reactions at 6 hours. No delayed hypersensitivity reactions were provoked by this 
protocol (Mercier, 1990). 

2.2.8.2 Rabbits 

A primary dermal irritation study was conducted in New Zealand white 
rabbits by application of 0.5 g of test compound moistened with 0.5 ml saline was 
applied to the shaved dorsal skin of 3 animals under occlusion for 24 hours. The 
mean primary irritation score was 0.50 (minimally irritating) based on a barely 
perceptible erythema after 24 hours, there was no eschar or oedema and the 
treatment sites were normal by 24 hours after removal (Reagan & Becci, 1985). 

A primary dermal irritation study in albino rabbits using an abraded skin 
protocol. The index of primary cutaneous irritation which was obtained (0.01) 
classified 6-cyclodextrin as non-irritant (Leroy et at. 1990). 

2.2.9 Special studies on eye irritancy 

In an ocular irritancy/corrosion test in albino rabbits, 6-cyclodextrin was 
classified as slightly irritant (Leroy et at. 1990). 
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2.2.10 Special studies on tumour promotion 

Subcutaneous injection of B-cyclodextrin at a dose of 450 mg/kg bw daily 
for 7 days during week 3 increased the number and size of renal tubular cell 
tumours in inbred Wistar rats treated with N-ethyl-N-hydroxyethylnitrosamine 
(EHEN) in the diet at a concentration of 1 000 mg/kg in the preceding 2 weeks. 
After 32 weeks, the incidence of tumours was 50% in animals treated with the 
EHEN alone and 100% in animals subsequently given B-cyclodextrin. In addition, 
B-cyclodextrin promoted the development of renal tumours in rats treated with 500 
mg EHEN/kg diet, which was a sub-threshold dose for renal tubular cell 
tumourigenesis (Hiasa et al. 1982). 

2.2.11 Special studies on cell-membranes 

The interactions between cyclodextrins and membrane phospholipids, 
liposomes and human erythrocytes were studied in vitro. B-Cyclodextrin did not 
alter the differential scanning calorimetric behaviour of phospholipids, and did not 
increase the permeability of dipalmitoyl-phosphatidylcholine liposomes. No effects 
on active or passive transport of 42K or 86Rb into erythrocytes was observed at 
concentrations of up to 10-2mol/litre but at 1. 7x10-2mol/litre, B-cyclodextrin caused 
a significant increase in passive transport and 8-10% haemolysis (Szejtli et al. 
1986). 

B-Cyclodextrin induced haemolysis of human erythrocytes in vitro in 
isotonic solution with a threshold concentration of 3 mM (3 400 mg/1). Swelling 
of erythrocytes, associated with release of cholesterol from the membrane, was 
observed at lower concentrations, approximately 20% of the membrane cholesterol 
was released from the membrane at a concentration of 2 mM (2 300 mg/1) B
cyclodextrin (lrie et al. 1982). 

2.3 Observations in humans 

2. 3 .1 Absorption, distribution, metabolism and excretion 

The fate of B-cyclodextrin the human gastrointestinal tract was studied in 
ileostomy subjects and in normal volunteers after administration of 10 gin a fasting 
state or after 3 doses of 10 g daily with meals. In the ileostomy subjects, the 
recovery of B-cyclodextrin in the ileal effluent was 97 ± 10% and 91 ± 5 % 
respectively. In normal subjects, in which utilization was estimated by the breath 
hydrogen technique and analysis of stools, breath hydrogen was low, and 
insignificant levels of B-cyclodextrin were detectable in faeces. It was concluded 
that B-cyclodextrin is hardly hydrolyzed or absorbed in the human small intestine 
but is fermented by colonic microflora with minimal apparent hydrogen production 
(Flourie et al. 1992). 
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2.3.2 Human tolerance studies 

In three successive periods of one week, eighteen healthy males, aged 
23 ±2 years, were given doses of 0, 24 or 48 g B-cyclodextrin/day in addition to the 
normal diet. The volunteers were randomly assigned to the treatment groups in 
what was stated to be a placebo-controlled, double blind protocol and the test 
compound was administered in a chocolate drink equally divided over three meals. 
At the high dose level "to avoid too drastic influences on bowel function" the 
subjects were given 24 g B-cyclodextrin on the first day, 36 g on the second day and 
48 g on days 3-7. Tolerance was evaluated by subjective assessment of abdominal 
complaints using a questionnaire. At the end of each 7-day period, breath hydrogen 
concentration was measured. One of the volunteers was withdrawn from the study 
on after three days and replaced with a substitute because of too many adverse 
events, resembling lactose intolerance (abdominal cramps, nausea, diarrhoea) which 
were not reported before the start of the study. It is not clear what dose this 
volunteer received before withdrawal or whether the symptoms preceded treatment. 

There was a significant increase in complaints of flatulence (p < 0.05) at 
the higher intake level; other scores of abdominal complaints, reported defaecation 
patterns and breath hydrogen were stated not to change significantly. The authors 
concluded that the dose of 24 g B-cyclodextrin/day was well tolerated on a short 
term basis (van Dokkum & van der Beek 1990). 

2. 3. 3 Sensitization/irritation 

In a repeated insult occlusive patch test in 58 subjects (1 male and 57 
females aged 21 to 68 years) B-cyclodextrin did not induce irritation or allergic 
contact dermatitis. Three subjects showed scattered, transient, barely perceptible 
to mild, non-specific patch test responses during the induction or challenge phases 
of the study, none of which were irritant or allergic in nature (Alworth et al. 
1985). 

3. COMMENTS 

Metabolic studies in animals and humans consistently indicate that B
cyclodextrin is poorly hydrolyzed or absorbed in the upper gastrointestinal tract but 
is largely utilized following hydrolysis by the gut microflora in the lower gut. A 
small proportion of ingested B-cyclodextrin may be absorbed intact. 

A number of acute and short-term toxicity studies were reviewed which 
indicated low toxicity by the oral route, although most of these studies used smaller 
numbers of animals or more limited histological examination than would normally 
be appropriate for establishing an ADI. In a well-conducted short-term toxicity 
study in rats, there were no effects of toxicological significance other than caecal 
enlargement and an increased number of macrophages in intestinal lymph nodes at 
doses of up to 10% B-cyclodextrin in the diet; these effects are a common feature 
of poorly absorbed polysaccharides. 
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In in vitro stidies, B-cyclodextrin sequestered cholesterol from erythrocyte 
membranes and caused haemolysis, but only at concentrations much higher than 
those seen in the blood of dogs given B-cyclodextrin at a level of 10% in the diet. 
No effects on mucosal cells of the gastrointestinal tract were seen in the high-oral
dose studies. B-Cyclodextrin was non-genotoxic in a range of tests, and it does not 
have a structure likely to be associated with such activity. Given its poor 
bioavailability and lack of genotoxicity, the Committee concluded that a long-term 
carcinogenicity study was not required for the evaluation of this substance. 

When administered parenterally to rats, B-cyclodextrin was nephrotoxic, 
but no renal toxicity was observed in any of the short-term toxicity studies using 
oral administration. In dogs, the urinary excretion of unchanged B-cyclodextrin was 
low, even when the compound was given at a dose level of 10% in the diet, 
indicating that it is unlikely that systemic levels following oral administration would 
be high enough to cause renal toxicity. 

4. EVALUATION 

The Committee was informed that a 1-year oral toxicity study on B
cyclodextrin in dogs was under way, and requested the results of this study to 
complete the evaluation of this compound. 

Despite its low toxicity, the Committee was concerned about the possible 
sequestering effects of B-cyclodextrin on lipophilic nutrients and drugs. In 
particular, further data on the effects of B-cyclodextrin on the bioavailability of 
lipophilic nutrients are required. 

The Committee concluded that there were sufficient data to allocate a 
temporary ADI of 0-6 mg/kg bw for B-cyclodextrin, based on a NOEL of 2.5% in 
the diet, equal to 1230 mg/kg bw/day in the study in dogs and a safety factor of 
200. 

The results of the 1-year study in dogs and information on the effects of 
B-cyclodextrin on the bioavailability of lipophilic nutrients are required by 1995. 

As this is a novel product with a wide range of potential applications, the 
Committee requested further information on the range of possible production 
methods that could be used in its manufacture. 
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1 EXPLANATION 

The Committee was asked to comment on the safety of sodium iron (III) 
ethylenediaminetetraacetate (sodium iron EDTA, sodium iron edetate, NaFeEDTA, 
NaFe(III)EDTA) as a dietary supplement for use in supervised food fortification 
programmes in populations in which iron-deficiency anaemia is endemic. The 
Committee was informed that use of iron in this form would be restricted to this 
specific application and would be supervised. 

Sodium iron EDT A has not previously been evaluated by the Joint 
FAO/WHO Expert Committee on Food Additives. However, disodium and calcium 
disodium EDTA were evaluated at the seventeenth meeting (Annex 1 reference 32). 
An ADI of 2.5 mg EDTA CaNa2EDTA/kg body weight/day was established. 
Sodium iron EDT A was placed on the agenda to provide an assessment of its safety 
for use in supervised food fortification programmes in populations in which iron 
deficiency anaemia is endemic. 

With respect to iron, a provisional maximum tolerable daily intake of 0.8 
mg/kg/bw was established by the Committee at the twenty-seventh meeting (Annex 
1, reference 62). The view stated at the twenty-sixth meeting (Annex 1, reference 
59), that the tolerable daily intake should not be used as a guide for fortifying 
processed foods, was reiterated. This monograph discusses the safety of 
NaFeEDTA for food fortification in developing countries. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

The biochemistry of EDTA metal complexes is inextricably tied to their 
chemical properties. An understanding of these chemical properties is essential in 
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interpreting the biochemistry and toxicology of EDTA metal complexes. A brief 
discussion of the chemical properties of EDT A metal complexes is presented here 
to facilitate understanding of the material that follows. 

Ethylenediaminetetraacetic acid (EDTA) is a hexadentate chelator capable 
of combining stoichiometrically with virtually every metal in the periodic table 
(Chaberck and Martell, 1959). With divalent or trivalent metal ions a neutral or 
anionic metal chelate results. The metal is largely prevented from reacting with 
competing anions and its solubility is greatly increased. The effectiveness of EDTA 
as a chelate for a particular metal ion is given by its stability constant with the metal 
ion. Chelation potential is affected by pH, the molar ratio of chelate to metal ion, 
and the presence of competing metal ions capable of forming complexes with EDT A 
(Plumb et al., 1950; Martell, 1960; Hart, 1984). The stability constants for different 
metal-EDTA complexes vary considerably and any metal which is capable of 
forming a strong complex with EDT A will at least partially displace another metal. 

Of the nutritionally important metals, Fe3+ has the highest stability constant 
(log k of25.1), followed by Cu2+ with 18.4, Zn2+ with 16.1, Fe2+ with 14.6, Ca2+ 
with 10.6, mg2+ with 8.7 and Na+ with 1.7 (West and Sykes, 1960). The situation 
is somewhat complicated by each metal having an optimum pH for chelate formation 
ranging from pH 1 for Fe3+, to pH 3 for Cu2+, pH 4 for Zn2+, pH 5 for Fe2 +, pH 
7.5 for Ca2+, and pH 10 for mg2+ (West and Sykes, 1960). When NaFeEDTA is 
ingested with foods, the Fe3+ ion would be expected to remain firmly bound to the 
EDTA moiety during passage through the gastric juice, but could be exchanged for 
Cu2+, Zn2+, Fe2+ or Ca2+ in the duodenum. Similarly when Na2EDTA and 
Na2CaEDTA are consumed with foods, the Na+ and Ca2+ ions would be 
predominantly exchanged in the gastric juice for Fe3+ ions, which could again in 
turn be exchanged for Cu2+, Zn2 +, Fe2+ or Ca2+ further down the gastrointestinal 
tract. The extent to which the metal EDT A complexes form is dependent on the pH 
and the concentration of the competing metals as well as competing ligands. The 
lower stability constant and higher pH optimum of the mg-EDTA chelate make 
reaction with this metal less likely. 

An appreciation of the chelating properties of EDT A with respect to iron 
provide the basis of our understanding of the observed effects of EDTA on food 
iron absorption. Ferric food iron is poorly absorbed by human beings because it is 
precipitated from solution above pH 3.5 unless suitable complexing agents are 
present. It may therefore be partially insoluble in the upper small intestine where 
most nonhaem iron is absorbed (Comad and Schade, 1968; MacPhail et al., 1981). 

When EDTA is present in a meal, iron (primarily Fe3+) remains complexed 
with EDT A under the acidic conditions prevailing in the stomach. The chelate 
holds the iron in solution as the pH rises in the upper small intestine, but the 
strength of the complex is progressively reduced allowing at least partial exchange 
with other metals and the release of some of the iron for absorption. There is 
convincing evidence that iron chelated by EDTA (NaFeEDTA) is available for 
absorption via the physiologically regulated pathways responsible for iron uptake 
(Candela et al., 1984). The results of absorption studies with NaFeEDTA indicate 
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that iron is dissociated from the EDT A moiety prior to absorption. The results of 
these studies are summarized in Section 2.1.1. 

2.1.1 Absorption and excretion 

2.1.1.1 Absorption and excretion of Fe from NaFeEDTA- Injection studies 

When NaFeEDTA is injected intravenously into rats most of the iron (70-
90%) is lost through the urine within 24 hours (Najarajan et al., 1964; Anghileri, 
1967). A small proportion enters the physiological iron pool destined primarily for 
haemoglobin synthesis probably because of the slow release of iron to the iron 
transport protein, transferrin, in the circulation (Bates et al., 1967). After 
intramuscular or intraperitoneal injection a greater proportion of the iron is available 
for physiological exchange with compartments in the bone marrow and liver. The 
longer contact time between transferrin and EDT A, allows for greater transfer of 
iron from the chelate to the physiological transport protein (Rubin et al., 1970). 

FeEDT A administered intravenously to humans was almost quantitatively 
excreted in urine (Lapinleimu and Wegelius, 1959). 

2.1.1.2 Absorption and excretion of Fe from NaFeEDTA- oral studies 

Human iron deficiency anaemia was successfully treated with FeEDT A 
given orally with 84% of labelled FeEDTA excreted in the faeces and none in the 
urine. Red cells, however, contained labelled Fe and reticulocytosis occurred (Will 
and Vilter, 1954). 

Studies carried out in swine using a doubly labelled Na55Fe[2-14C]EDTA 
preparation demonstrated rapid transfer of 55Fe to the plasma with a peak at 1 hour 
and subsequent incorporation of 4. 6% of the administered dose into circulating 
haemoglobin (Candela et al., 1984). A small fraction (0.3%) of the 55Fe 
administered was excreted in the urine. In contrast to the 55Fe only a small 
percentage of the 14C could be detected in the plasma at any time. Absorption 
occurred over an extended period (5-20 hours). A total of about 5% of the 14C 
labelled EDT A was eventually absorbed in the duodenum and jejunum and 
quantitatively excreted in the urine. 

In a parallel experiment when 5 mg Fe as Na59FeEDTA was given to six 
fasting human volunteers, mean radioiron absorption as measured by red blood cell 
utilization was 12.0%. Only 0.3% of the administered dose of iron was excreted 
in the urine. The studies demonstrate that Fe and EDTA are absorbed 
independently when NaFeEDTA is administered by mouth (Candela et al., 1984). 

Similar conclusions were reached in an earlier human absorption study 
carried out by MacPhail et al. (1981). Na59FeEDTA was administered to human 
volunteers. Between 3 and 25% of the 59Fe was absorbed, but less than 1% of the 
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administered 59Fe appeared in the urine over the subsequent 24 hours. All 59Fe 
absorbed in the form of the intact Na59FeEDTA complex would be expected to be 
excreted in the urine within 24 hours (based on the results of Nagaraj an et al., 1964 
and Anghileri, 1967) demonstrating again that most of the iron is released from the 
EDTA complex before absorption. Similar conclusions have been reached with 
another iron chelator (nitrilotriacetic acid), the properties of which have been 
studied extensively in experimental animals (Simpson and Peters, 1984). 

2.1.1. 3 Absorption and excretion of EDT A from EDTA metal chelates 

Rats 

14C-labelled CaNa2EDTA, when fed to rats at 50 mg/kg bw, was absorbed 
only to an extent of 2 to 4%; 80 to 90% of the dose appeared in the faeces within 
24 hours, and absorption was still apparent at 48 hours. At the low pH of the 
stomach the calcium chelate is dissociated with subsequent precipitation of the free 
acid (EDT A), and this is only slowly redissolved in the intestine (Foreman et al., 
1953). 

In feeding experiments in rats receiving disodium EDT A at dietary levels 
of 0.5, 1.0 or 5.0%, the faeces contained 99.4, 98.2 and 97.5% of the excreted 
material (Yang, 1964). 

Similar experiments conducted also in rats gave essentially the same 
results. Thirty-two hours after a single dose of 95 mg disodium EDT A/rat, 93% 
was recovered from the colon. After doses of 47.5, 95.0 and 142.5 mg disodium 
EDT A the amount of EDT A recovered in the urine was directly proportional to the 
dose given, suggesting that EDT A was absorbed from the gastrointestinal tract by 
passive diffusion. The motility of the intestine was not affected by the compound 
(Chan, 1964). 

When 200 mg CaN a2EDT A was introduced into the duodenum of rats an 
absorption rate of 6.5 to 26% was observed (Srbrova and Teisinger, 1957). 

The maximum radioactivity in the urine after application of 14C-labelled 
CaNa2EDTA to the skin was only 10 ppm (0.001 %) (Foreman and Trujillo, 1954). 

Humans 

Experiments in humans also revealed poor absorption; only 2.5% of a 3 
g dose given was excreted in the urine (Srbrova and Teisinger, 1957). These 
authors also confirmed the dissociation of the calcium chelate in the stomach. A 
dose of 1.5 mg of 14C-labelled CaNa2EDTA given in a gelatine capsule to normal 
healthy men was absorbed to an extent of 5% (Foreman and Trujillo, 1954). 
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The absorption of the EDTA moiety from orally administered NaFeEDTA 
has not been measured directly in humans. However physicochemical 
considerations indicate that EDTA absorption from NaFeEDTA should be similar 
to that from other metal complexes, such as CaNa2EDTA and CrEDTA. As 
described above, poor absorption of the intact N aFeEDT A can be inferred from the 
measurements of urinary radioiron excretion after the oral administration of 
Na59FeEDTA made by MacPhail and coworkers in 1981. 

Similar results have been obtained with a tightly bound chelate, 51CrEDTA 
from which any released metal is very poorly absorbed (Bjarnason et al., 1983; 
Aabakken and Osnes, 1990). Only 1-5% of a dose of 51CrEDTA given in a fasting 
state is absorbed by the healthy intestinal mucosa. In the presence of disorders of 
the gastrointestinal tract the absorption may be doubled. The 51CrEDT A that is 
absorbed appears to be taken up through intercellular junctions as the intact 
complex. The amount absorbed has been used as a measure of the integrity of the 
bowel mucosa. 

In summary, most of the iron in NaFeEDTA is released to the 
physiological mucosal uptake system before absorption. Only a very small fraction 
of the NaFeEDTA complex (less than 1%) is absorbed intact and this is completely 
excreted in the urine. An additional small fraction (less than 5%) of the EDTA 
moiety is absorbed, presumably bound to other metals in the gastrointestinal tract, 
and is also completely eliminated in the urine. 

2.1.1.4 Bioavailability of iron from NaFeEDTA 

The results of iron absorption studies comparing the bioavailability of iron 
from FeS04 and NaFeEDTA fortified foods are listed in Table 1. For purposes of 
comparison the individual absorption values have been standardized to a reference 
absorption of 40% to remove the influence of varying iron requirements in different 
subjects. A reference absorption value of 40% is assumed to represent borderline 
iron deficiency (Hallberg et al., 1978). The bioavailability of iron from FeS04 

varies over a wide range and correlates with the relative proportions of enhancers 
and inhibitors known to be present in the meals. 
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Table I. Comparison of iron absorption from meals of different iron bioavailability fortified with 
ferrous sulfate or NaFeEDTA; Standardized Iron Absorption (%)' 

Components of Meal A B Ratio Reference 
FeS04 NaFeEDTA B/A 

I. Rice Milk 1.7 4.5 2.6 Viteri et al. , 197 8 

2. Beans, Maize, 2.0 5.3 2.7 Viteri et al., 1978 
Coffee 

3. Egyptian flat 2.1 5.3 2.5 el Guindi et al., 1988 
breadb 

4. Bran 2.7 7.8 2.9 MacPhail et al., 1981 

5. Beans, Plantain, 3.1 7.0 2.3 Layrisse and 
Rice, Maize, Martinez-Torres, 
Soy' 1977 

6. Rice 3.9 11.5 2.9 MacPhail and 
Bothwell, 
unpublished, 1992 

7. Maize Meal 4.0 8.2 2.1 MaPhail et al., 1981 

8. Beans, Plantain, 4.2 7.4 1.8 Layrisse and 
Rice, Maize, Martinez-Torres, 
Soy, Orange 1977 
Juice' 

9. Beans, Plantain, 4.3 9.6 2.2 Layrisse and 
Rice, Maize, Martinez-Torres, 
Soy, Meat' 1977 

10. Potato 5.9 7.3 1.2 Lamparelli et al., 
1987 

11. Wheat 6.2 14.6 2.3 Martinez-Torres et 
al., 1979 

12. Milk 10.2 16.8 1.6 Layrisse and 
Martinez-Torres, 
1977 

13. Sweet Manioc 14.1 16.6 1.2 Martinez-Torres et 
al., 1979 

14. Sugar cane 33.1 10.8 0.3 Martinez-Torres et 
Syrup' al., 1979 

a. Geometnc means standanzed to a reference (Ferrous ascorbate) absorption of 40% 
b. A mixture of FeS04 and Na2EDTA was used in this study. 
c. Comparison between FeS04 and NaFeEDTA not in the same individuals. 

Enhanced bioavailability was most marked in meals with poor FeS04 

bioavailability (FeS04 absorptions less than4% ). Between 2.1 to 2.9 times as much 
iron was absorbed under such circumstances. This point is exemplified by the 
results of the study by Viteri et al. (1978) (see Table 1) in which iron absorption 
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from a NaFeEDTA-fortified meal of beans, maize, and coffee was 2.7 times greater 
than that from the same meal containing FeS04 (Viteri et al., 1978). 

In contrast, the absorption of iron from NaFeEDTA eaten with identical 
meals varies only two to three fold. More iron was absorbed from the meals 
containing NaFeEDTA in all but one case in which Na2EDTA and FeS04 were 
eaten with sugar cane syrup (see Table 1). 

The absorption of Fe from NaFeEDTA has been studied in a wide variety 
of meals. Comparisons with iron absorption from simple iron salts have not always 
been made. However, some studies provide useful information about the suitability 
of three staple food items as potential vehicles for fortification with NaFeEDTA. 
This information is summarized in Table 2. Some studies listed in Table 1 have 
been included under the appropriate categories (all values are corrected to 40% 
reference absorption, or a serum ferritin of 27 jtg/1). It is evident that 
approximately 10% of the fortification iron added would be absorbed by iron 
deficient individuals if these staple foods were used as the vehicle for delivering the 
fortificant. 

Table 2. Percentage iron absorption from meals containing NaFe(III)EDTA 

Vehicle No. of Standardized Iron References 
Studies Absorption 

(Range) 

Wheat 4 10.1 (5.3 - 14.6) Martinez-Torres et at., 1979 and el Guindi et at., 
1988 

Maize 7 9.1 (7 .6 - 12.0) Martinez-Torres et at., 1979 and MacPhail et at., 
1981 

Cassava 3 13.5 (11.0- 16.4) Martinez-Torres et at., 1979 

2 .1.1. 5 Effect of N aFeEDT A on bioavailability of intrinsic food iron 

Conclusions drawn from much of the experimental work on food iron 
absorption and iron fortification are based on the observation that soluble iron added 
to a meal and the intrinsic nonhaem food iron behave as a common pool, which is 
equally susceptible to enhancers and inhibitors of iron absorption present in the meal 
(Cook et al., 1972; Hallberg and Bjorn-Rasmussen, 1972); NaFeEDTA shares this 
property. When Na59FeEDTA was added to meals containing foods labelled 
intrinsically with 55Fe, the ratio between the proportions of iron absorbed from the 
two sources was close to unity (Layrisse and Martinez-Torres, 1977; Matrinez
Torres et al., 1979; MacPhail et al., 1981), with the exception of one study in 
which Na59FeEDTA fortified sugar was sprinkled onto 55Fe-labelled maize 
immediately before it was eaten (MacPhail et al., 1981). These results indicate that 
the Na59FeEDTA equilibrates with the common pool, since without such 
equilibration, the amount of food iron absorbed would be much lower than the 
amount absorbed from NaFeEDTA (MacPhail et al., 1981). Inadequate mixing of 
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the NaFeEDTA-fortified sugar with the maize meal probably accounted for the lack 
of equilibration in the one inconsistent study reported by MacPhail et at. (1981). 
These results reveal another important property of NaFeEDTA. Equilibration of 
N aFeEDT A with the common pool iron improves the bioavailability of the intrinsic 
food iron as well. Therefore NaFeEDTA improves iron balance by supplying iron 
in a form less affected by dietary inhibitors, but also improves the absorption of 
nonhaem iron in the meal derived from other sources. 

This point is further illustrated by the results of a number of studies which 
demonstrate that the positive effects of EDTA on iron absorption are shared by 
other elements of the common pool, such as another iron salt added to the meal. 
When FeS04 and NaFeEDTA were fed to humans on separate days in the same type 
of meal (maize porridge), iron absorption from the NaFeEDTA fortified meal was 
significantly better. However the iron from FeS04 was as well absorbed as that from 
N aFeEDT A when they were fed together in the same meal (MacPhail et at., 1981; 
Martinez-Torres et at., 1979). More direct evidence of reciprocal exchange 
between food iron and iron added as NaFeEDTA was provided by experiments in 
which subjects were given maize porridge fortified with equimolar quantities of 
59FeS04 and Na55FeEDTA (McPhail et at., 1981). The ratio between the two 
isotopes was almost the same in the meal and the urine. This implies that exchange 
of iron between FeS04 and NaFeEDTA must occur before absorption of the chelate, 
since only the small amount of iron (less than 1 %) absorbed as the intact chelate 
would subsequently appear in the urine (for explanation see section 2.1). 

2.1.1.6 The effect of Na2EDTA on iron absorption 

Na2EDTA is widely used as a food additive to prevent oxidative damage 
by free metals. Since Na2EDTA readily chelates iron in the gut to form 
NaFeEDTA, its effect on iron absorption is of interest. In a recent study (el Guindi 
et al., 1988) Na2EDTA was added, together with an equimolar quantity of iron as 
FeS04 , to bread with a high concentration of phytate (an inhibitor of iron 
absorption). The combination was associated with a 2.6x enhancement in iron 
absorption when compared with results with FeS04 used alone. Mean percentage 
iron absorption was approximately equivalent to that reported in other similar 
studies using NaFeEDTA. It is evident that the same effect on iron absorption can 
be achieved in meals containing compounds that inhibit iron absorption by adding 
Na2EDTA and a soluble iron salt as is the case for adding NaFeEDTA. 

The effects of N a2EDT A on iron absorption appear to be influenced by the 
molar ratio of EDTA to iron. Earlier work suggested that increasing the molar ratio 
of Na2EDTA to Fe was associated with a progressive reduction in iron absorption 
(Cook and Monsen, 1976). 

These observations have been extended recently: iron absorption from a 
series of rice meals containing N a2EDT A and iron in a molar ratio of 1: 1 was 
compared to rice containing Na2EDTA and iron in molar ratios (EDTA:Fe) ranging 
from 0:1 to 4: 1. Statistically significant enhancement of absorption occurred at 
ratios of Fe:EDTA between 1:4 and 1:1. The enhancing effect of EDTA on iron 
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absorption appeared to be maximal at a molar ratio (EDTA:Fe) of approximately 
1:2, not 1: 1 as previously assumed. At this molar ratio over three times as much 
iron was absorbed from the EDT A containing meal as was the case for the control 
meal containing no EDTA (MacPhail and Bothwell, unpublished data, 1992). 

2.1.2 Distribution 

After parenteral administration to rats, 95 to 98% of injected 14C-labelled 
CaNa2EDTA appeared in the urine within six hours. All the material passed 
through the body unchanged. Peak plasma levels were found approximately 50 
minutes after administration. Less than 0.1% of the material was oxidized to 14C02 , 

and no organs concentrated the substance. After i. v. injection, CaN a2EDT A passed 
rapidly out of the vascular systems to mix with approximately 90% of the body 
water, but did not pass into the red blood cells and was cleared through the kidney 
by tubular excretion as well as glomerular filtration (Foreman et al., 1953). The 
same was also found in man using 14C-labelled CaNa2EDTA. Three thousand 
milligrams were given i. v. to two subjects and were almost entirely excreted within 
12 to 16 hours (Srbrova and Teisinger, 1957). These results indicate that intact 
CaNa2EDTA, and presumably other EDTA metal complexes are rapidly excreted 
and do not accumulate. 

2.1.3 Biotransformation 

Neither the iron nor the EDTA moiety ofNaFeEDTA undergoes biotransformation. 
Evidence for this conclusion comes from studies discussed in the previous section 
which indicated that both EDT A and iron are excreted unchanged following 
ingestion of NaFeEDTA. 

2.1.4 Influence of EDT A compounds on the biochemistry of metals 

EDTA removes about 1.4% of the total iron from ferritin at pH 7.4 to 
form an iron chelate (Westerfeld, 1961). Transfer of Fe from Fe-transferrin to 
EDTA in vitro occurs at a rate of less than 1% in 24 hours. In vivo studies in 
rabbits demonstrated transfer of iron only from FeEDT A to transferrin and not the 
reverse. It appeared that tissue iron became available to chelating agents including 
EDTA only when an excess of iron was present (Cleton et al., 1963). Equal 
distribution between a mixture of EDT A and siderophilin was obtained only at 
EDT A: siderophilin ratios of 20-25:1 (Rubin, 1961). 

Addition of 1% Na2EDTA to a diet containing more than optimal amounts 
of iron and calcium lowered the absorption and storage or iron in rats and increased 
the amount present in plasma and urine. The metabolism of calcium, however, was 
apparently unaffected (Larsen et al., 1960). A diet containing 0.15 mg of iron, 
4.26 of calcium and 1 mg of EDT A/rat (equivalent to 100 ppm (0.01 %) in the diet) 
for 83 days had no influence on calcium and iron metabolism, e.g. the iron content 
of liver and plasma (Hawkins et al., 1962). 
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Copper absorption and retention were improved at 500 mg EDT A/kg but 
not at 200 mg or 1 000 mg EDT A/kg. Apart from a very small increase in urinary 
copper excretion, dietary EDT A had no influence on copper metabolism (Hurrell 
et al., 1993). 

CaNa2EDTA increased the excretion of zinc (Perry and Perry, 1959), and 
was active in increasing the availability of zinc in soybean containing diets to poults 
(Kratzer et al., 1959). CaNa2EDTA enhanced the excretion of Co, Hg, Mn, Ni, 
Pb, Ti and W (Foreman, 1961). The treatment of heavy metal poisoning with 
CaNa2EDTA has become so well established that its use for more commonly seen 
metal poisonings, e.g. lead, is no longer reported in the literature (Foreman, 1961). 
EDTA could not prevent the accumulation of 90Sr, 106Ru, 141Ba and 226Ra in the 
skeleton. 91Y , 239Pu and 238U responded fairly well to EDTA, the excretion being 
accelerated (Catsch, 1961). 

Food fortification with NaFeEDTA may be expected to increase Zn and 
Cu absorption and retention but not Ca nor Mg. A diet containing RDA quantities 
of each metal (800 mg Ca and, 350 mg, 10 mg Zn, and 2 mg Cu) which was 
fortified with 10 mg Fe as NaFeEDTA would contain a 1.5 molar excess of EDTA 
over Zn, an 8-fold molar excess of EDTA over Cu, but 80 times less EDTA than 
Ca and 50 times less EDTA than mg on a molar basis. The small quantity of 
chelate with respect to Ca and mg would be unlikely to have any detrimental effect. 
Both N aFeEDT A and NaEDT A may increase the absorption and retention of Zn and 
Cu when added to low bioavailability diets. This conclusion is supported by 
experiments with turkey poults (Kratzer et al., 1959), chicks (Scott and Ziegler, 
1963) and rats (Forbes, 1961) which have demonstrated that Zn bioavailability and 
animal growth is improved when Na2EDTA is added at 150-300 mg/kg to animal 
rations based on soybean protein isolate. The enhancing effect of EDTA on zinc 
absorption in these studies can be explained by a combination of two factors. 
Firstly, EDT A forms soluble chelates with Zn from which the metal is potentially 
absorbable, and secondly, Zn is prevented from forming non-absorbable complexes 
with phytic acid. EDT A does not enhance Zn absorption when absorption inhibitors 
are absent from the meal as evidenced by the observation that Na2EDTA (1 000 
mg/kg) improved Zn absorption in rats fed a casein-based diet with added phytic 
acid, but had no effect in the absence of phytic acid (Oberleas et al., 1966). 

Other chelating substances can also enhance Zn absorption from low 
bioavailability diets. Vohra and Kratzer compared the growth promoting effect of 
chelates with stability constants (log k) for Zn varying from 5.3 to 18.8 in turkey 
poults fed zinc deficient diets based on soy protein isolate. They found that 
ethylenediaminediacetic acid-dipropionic acid, hydroxyethyl-EDTA, and EDTA 
(stability constants 14.5, 14.5 and 16.1, respectively) were the most effective 
(Vohra & Kratzer, 1964). 

These earlier observations were made with Na2EDTA. However, 
NaFeEDTA has been shown to have similar properties in a recent study. Zinc, 
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copper, and calcium balances were performed in rats fed low Zn (6.1 mg/kg) 
soybean based diets containing 36 mg/kg added Fe as either ferrous sulfate or 
NaFeEDTA. In some experimental groups additional Na2EDTA was added to the 
diet containing NaFeEDTA to give dietary EDTA levels of 200, 500 and 1 000 
mg/kg. Changing the iron compound in the diet from ferrous sulfate to NaFeEDTA 
at a level of 200 mg/kg increased apparent Zn absorption, urinary Zn excretion and 
Zn retention significantly (p < 0.05), but caused no changes in Cu nor Ca 
absorption or excretion. Increasing the dietary EDT A level to 500 mg/kg (molar 
ratio EDTA:Zn, 19: 1) and 1 000 mg/kg (molar ratio EDTA:Zn, 38: 1) further 
increased both Zn absorption and urinary Zn excretion. At the highest dietary 
EDTA level (1 000 mg/kg), Zn retention was significantly higher than with no 
dietary EDTA, but lower than with 500 mg/kg EDTA. This resulted from an 
increase in urinary excretion of Zn to 15.6% of intake. Similar results were 
obtained with a Zn-sufficient (30 mg/kg) soybean diets, but more EDTA was 
required to achieve optimal ratios for improved absorption. 

These studies demonstrate that an 11-fold molar excess of EDT A over Cu 
increased Cu absorption and retention but that neither a 4.5 nor 23-fold molar 
excess had a significant effect. A human diet containing the RDA for Zn and Cu 
which was fortified with 10 mg Fe as NaFeEDTA would be expected to contain a 
1.5 molar excess of EDTA over Zn and an 8-fold molar excess of EDTA over Cu. 
NaFeEDTA fortification would therefore be expected to have very little effect on 
Zn and Cu balance. A small beneficial effect could occur in meals containing little 
Zn or Cu or large quantities of phytate (Hurrell et al., 1993). 

The applicability of the observations made in experimental animals to 
human nutrition has been confirmed by recent observations made by Hurrell's 
group. The metabolism of Zn and Ca was studied using a stable isotope technique 
in 10 adult women fed a breakfast meal of bread rolls made from 100 g high 
extraction wheat flour and fortified with 5 mg Fe as FeS04 or NaFeEDTA. The 
test meals contained a 3.3 molar excess of EDTA over Zn but some 10-fold less 
EDT A than Ca. Changing the Fe fortification compound from ferrous sulfate to 
N aFeEDT A significantly increased 70Zn absorption (p < 0. 05) from this meal from 
20.9% to 33.5%. Urinary 70Zn excretion also rose from 0.3% to 0.9%. Calcium 
metabolism was similar with the two different iron compounds (Davidsson et al, 
1993). 

Earlier studies using less precise methodology have led to similar 
conclusions. Adding NaFeEDTA to a low bioavailability Guatemalan meal did not 
influence Zn absorption by human subjects. However, as these workers measured 
Zn absorption based on plasma Zn concentrations after ingesting 25 mg Zn with a 
meal, the molar concentration of EDTA was some 10-fold less than that of Zn and 
an improvement in Zn absorption would not be expected (Solomons et al. (1979). 

Finally, no significant changes in plasma Zn concentration were observed 
in field studies in which NaFeEDTA was used as a food fortificant over a two year 
period (Viteri et al., 1983, Ballot et al., 1989b). 
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2.1.5 Effects on enzymes and other biochemical parameters 

EDT A had a lowering effect on serum cholesterol level when given orally 
or i. v. It may have acted by decreasing the capacity of serum to transport 
cholesterol (Gould, 1961). Disodium EDTA had a pyridoxin-like effect on the 
tryptophan metabolism of patients with porphyria or scleroderma, due to a partial 
correction of imbalance of polyvalent cations (Lelievre and Betz, 1961). 

In vitro, 0.0033 M EDTA inhibited the respiration of liver homogenates 
and of isolated mitochondria of liver and kidney (Lelievre and Betz, 1961). The 
acetylation of sulfanilamide by a liver extract was also inhibited (Lelievre, 1960). 
EDT A stimulated glucuronide synthesis in rat liver, kidney and intestines but 
inhibited the process in guinea-pig liver (Pogell and Leloir, 1961; Miettinen and 
Leskinen, 1962). Of the heavy metal-containing enzymes, EDTA at a concentration 
of about 10-3 M inhibited aldehyde oxidase and homogentisinase. Succinic 
dehydrogenase, xanthine oxidase, NADH-cytochrome reductase and ceruloplasmin 
(oxidation of p-pheny lenediamine) were not inhibited (Westerfeld, 1961). Disodium 
EDT A was found to be a strong inhibitor for o-aminolevulinic acid dehydrogenase, 
5.5 x 10·6 M causing 50% inhibition (Gibson et al., 1955). The i.p. injection of 4.2 
mmollkg bw (equivalent to 1722 mg/kg bw) CaNa2EDTA caused in rats an 
inhibition of the alkaline phosphatase of liver, prostate and serum up to four days 
depending on the dose administered; zinc restored the activity (Nigrovic, 1964). 

In vitro, EDTA inhibited blood coagulation by chelating Ca. The complete 
coagulation inhibition of human blood required 0.65-1.0 mg/ml. The i.v. injection 
of 79-200 mg EDTA/rabbit had no effect on blood coagulation (Dyckerhoff et al., 
1942). 

l.v. injections of Na2EDTA and CaNa2EDTA had some pharmacological 
effect on the blood pressure of cats; 0-20 mg/kg bw CaNa2EDTA (as Ca) produce 
a slight rise; 20-50 mg/kg, a biphasic response; and 50 mg/kg, a clear depression 
(Marquardt and Schumacher, 1957). 

One per cent Na2EDTA enhances the absorption of 14C-labelled acidic, 
neutral and basic compounds (mannitol, inulin, decamethenium, sulfanilic acid and 
EDTA itself) from isolated segments of rat intestine, probably due to an increased 
permeability of the intestinal wall (Schanker and Johnson, 1961). 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with disodium EDT A are summarized 
in Table 3. 
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Table 3. Results of acute toxicity studies with disodium EDT A. 

Animal Route LD50 References 
(mg/kg bw) 

Rat oral 2000-2200 Yang, 1964 

Rabbit oral 2 300 Shibata, 1956 

i.v. 47' Shibata, 1956 
'Dose depending on the rate of infusiOn 

The results of acute toxicity studies with Ca-disodium EDT A are 
summarized in Table 4. 

Table 4. Results of acute toxicity studies with Ca-disodium EDTA. 

Animal Route LD50 References 
(mg/kg bw) 

Rat oral 10 000±740 Oser et at., 1963 

Rabbit oral 7 000 approx. Oser et at., 1963 

i.p. 500 approx. Bauer et at., 1952 

Dog oral 12 000 approx. Oser et at., 1963 

The oral LD50 in rats is not affected by the presence of food in the stomach 
or by pre-existing deficiency inCa, Fe, Cu or Mn (Oser et al., 1963). 

Oral doses of over 250 mg/animal cause diarrhoea in rats (Foreman et al., 
1953). 

There are many reports in the literature on kidney damage by parenteral 
over-dosage of CaEDTA. A review was given by Lechnit (1961). Lesions 
simulating "versene nephrosis" in man have also been produced in rats. Disodium 
EDTA in doses of 400-500 mg i.p. for 21 days caused severe hydropic degeneration 
of the proximal convoluted tubules of the kidneys. CaNa2EDTA produced only 
minimal focal hydropic changes in 58% of animals, disappearing almost two weeks 
after stopping the injections (Reuber and Schmieller, 1962). 

2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Groups of five male rats received 250 or 500 mg/kg bw/dy CaNa2EDTA 
i.p. daily for three to 21 days and some were observed for an additional two weeks. 
Weight gain was satisfactory and histology of lung, thymus, kidney, liver, spleen, 
adrenal, small gut and heart was normal except for mild to moderate renal hydropic 
change with focal subcapsular swelling and proliferation in glomerular loops at the 
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500 mg level. There was very slight involvement with complete recovery at the 250 
mg level. Lesions were not more severe with simultaneous cortisone administration 
(Reuber and Schmieller, 1962). 

Groups of three male and three female rats were fed for four months on 
a low mineral diet containing one-half the usual portion of salt mixture (i.e. 1.25% 
instead of 2. 50%) with the addition of 0% and 1. 5 % CaN a2EDT A. The test group 
showed a reduced weight gain, but there was no distinct difference in general 
condition of the animals (Yang, 1964). 

Groups of five male rats were given 250, 400 or 500 mg/kg bw/dy 
disodium EDTA i.p. daily for three to 31 days; some groups were observed for 
another two weeks. At the 500 mg level all rats became lethargic and died within 
nine days, the kidneys being pale and swollen, with moderate dilatation of bowel 
and subserosa! haemorrhages. Histological examination of a number of organs 
showed lesions only in the kidneys. Animals at the 400 mg level died within 14 
days, kidney and bowel symptoms being similar to the 50 mg level. One rat at the 
250 mg dose level showed haemorrhage of the thymus. All three groups showed 
varying degrees of hydrophic necrosis of the renal proximal convoluted tubules with 
epithelial sloughing: recovery occurred in all groups after withdrawal of disodium 
EDTA (Reuber and Schmieller, 1962). 

2.2.2.2 Rabbits 

Eight groups of three rabbits were given either 0.1, 1, 10 or 20 mg/kg 
bw/dy disodium EDTA i.v., or 50, 100, 500 or 1 000 mg/kg bw/dy orally for one 
month. All animals on the highest oral test level exhibited severe diarrhoea and 
died. In the other groups body weight, haemograms, urinary nitrogen and 
urobilinogen were unaffected. Histopathological examination of a number of organs 
showed degenerative changes in the liver, kidney, parathyroid and endocrine organs 
and oedema in muscle, brain and heart at all levels of treatment (Shibata, 1956). 

2.2.2.3 Dogs 

Four groups of one male and three female mongrels were fed diets 
containing 0, 50, 100 and 200 mg/kg bw/dy CaNa2EDTA daily for 12 months. All 
appeared in good health, without significant change in blood cells, haemoglobin and 
urine (pH, albumin, sugar, sediment). Blood sugar, non-protein nitrogen and 
prothrombin time remained normal. Radiographs of ribs and of long bones showed 
no adverse changes at the 250 mg level. All dogs survived for one year. Gross and 
microscopic findings were normal (Oser et al., 1963). 
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2. 2. 3 Long-term toxicity I carcinogenicity studies 

2.2.3.1 Mice 

Groups of 50 male and 50 female B6C3F1 mice received trisodium EDTA 
(Na3EDTA) in the diet at concentrations of 3 750 or 7 500 ppm for 103 weeks, 
followed by one week during which standard diet without EDTA was fed. A control 
group consisting of 20 mice of each sex received the standard diet. Food was 
available ad libitum and fresh food was provided three times per week. 

Animals were examined for signs of toxicity twice per day, and were 
weighed and palpated for masses regularly (schedule not stated). Gross and 
microscopic pathological examinations were performed on animals found dead or 
moribund and on those sacrificed at the end of the study. Microscopic examinations 
were conducted on the following tissues and organs: skin, lymph nodes, mammary 
gland, salivary gland, bone marrow, trachea, lungs and bronchi, heart, thyroid, 
parathyroids, oesophagus, stomach, small intestine, liver, gallbladder, pancreas, 
spleen, kidneys, adrenals, urinary bladder, prostate or uterus, testis or ovary, brain 
and pituitary. 

Survival rates were comparable among treated and control animals of both 
sexes. No treatment-related clinical signs of toxicity were noted during the study. 
Body weight gain was decreased in high-dose males during the second year of the 
study (no statistical analysis). From the graphical representation of the data, it 
appears that the body weights in the high-dose group were approximately 10% 
below that of controls during the last nine months of the study. In females, average 
body weights in treated groups were consistently lower than the average control 
body weight for most of the study period, however, the differences among the three 
groups were very slight. No tumours or non-neoplastic lesions attributable to 
treatment were observed (NCI, 1977). 

2.2.3.2 Rats 

Rats were fed for 44 to 52 weeks on a diet containing 0.5% disodium 
EDT A without any deleterious effect on weight gain, appetite, activity and 
appearance (Krum, 1948). 

In another experiment three groups of 10 to 13 males and females were fed 
a low-mineral diet (0.5% Ca and 0.013% Fe) with the addition of 0, 0.5 and 1% 
disodium EDTA for 205 days. At the 1% level some abnormal systems were 
observed: growth retardation of the males, lowered erythrocyte and leucocyte 
counts, a prolonged blood coagulation time, slightly but significantly raised blood 
calcium level, a significantly lower ash content of the bone, considerable erosion of 
the molars and diarrhoea. Gross and histological examination of the major organs 
revealed nothing abnormal. Rats fed for 220 days on an adequate mineral diet 
containing 1% disodium EDTA showed no evidence of dental erosion (Chan, 1964). 
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In a two-year study, five groups of 33 rats each were fed 0, 0.5, 1 and 5% 
disodium EDT A. The 5% group showed diarrhoea and consumed less food than the 
rats in other groups. No significant effects on weight gain were noted nor were 
blood coagulation time, red blood cell counts or bone ash adversely affected. The 
mortality of the animals could not be correlated with the level of disodium EDTA. 
The highest mortality rate occurred in the control group. Gross and microscopic 
examination of various organs revealed no significant differences between the 
groups (Yang, 1964). 

Four groups of25 male and 25 female rats were fed diets containing 0, 50, 
125 and 250 mg/kg bw/dy CaNa2EDTA for two years. Feeding was carried on 
through four successive generations. Rat were mated after 12 weeks' feeding and 
allowed to lactate for three weeks with one week's rest before producing a second 
litter. Ten male and 10 female rats of each group (F1 generation) and similar F2 and 
F3 generation groups were allowed to produce two litters. Of the second litters of 
F1, F2 , and F3 generations only the control and the 250 mg/kg bw/dy groups were 
kept until the end of two-years' study on the F0 generation. This scheme permitted 
terminal observation to be made on rats receiving test diets for 0, 0.5, 1, 1.5 or 2 
years in the F3, F2, F1 and F0 generations, respectively. No significant 
abnormalities in appearance and behaviour were noted during the 12 weeks of the 
post weaning period in all generations. The feeding experiment showed no 
statistically significant differences in weight gain, food efficiency, haematopoiesis, 
blood sugar, non-protein nitrogen, serum calcium, urine, organ weights and 
histopathology of liver, kidney, spleen, heart, adrenals, thyroid and gonads. 
Fertility, lactation and weaning were not adversely affected for each mating. 
Mortality and tumour incidence were unrelated to dosage level. The prothrombin 
time was normal. There was no evidence of any chelate effect on calcification of 
bone and teeth. Liver xanthine oxidase and blood carbonic anhydrase activities 
were unchanged (Oser et al., 1963). 

Groups of 50 male and 50 female Fisher F344 rats received trisodium 
EDTA (Na3EDTA) in the diet at concentrations of 3 750 or 7 500 ppm for 103 
weeks, followed by one week during which standard diet without EDTA was fed 
(NCI, 1977). A control group consisting of 20 rats of each sex received the standard 
diet of Wayne Lab Blox Meal. Food was available ad libitum and fresh food was 
provided three times per week. 

Animals were examined for signs of toxicity twice per day, and were 
weighed and palpated for masses regularly (schedule not stated). Gross and 
microscopic pathological examinations were performed on animals found dead or 
moribund and on those sacrificed at the end of the study. Microscopic examinations 
were conducted on the following tissues and organs: skin, lymph nodes, mammary 
gland, salivary gland, bone marrow, trachea, lungs and bronchi, heart, thyroid, 
parathyroids, oesophagus, stomach, small intestine, liver, gallbladder, pancreas, 
spleen, kidneys, adrenals, urinary bladder, prostate or uterus, testis or ovary, brain 
and pituitary. 
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Survival was comparable among control and treated groups of male rats. 
There was a significant dose-related increase in survival in treated groups of females 
compared to controls. Body weights were comparable among treated and control 
groups, and there were no clinical signs of toxicity in treated animals. No tumours 
or non-neoplastic lesions attributable to treatment were observed (NCI, 1977). 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

Groups of six rats were maintained for 12 weeks on diets containing 0.5, 
1 and 5% disodium EDTA. No deaths occurred and there were no toxic symptoms 
except diarrhoea and lowered food consumption at the 5% level. Mating in each 
group was carried out when the animals were 100 days old. Mating was repeated 
10 days after weaning the first litters. Parent generation rats of 0, 0.5 and 1% 
levels gave birth to normal first and second litters. The animals given 5% failed 
to produce litters (Yang, 1964). 

To elucidate possible teratogenic effects, daily doses of 20-40 mg 
EDT A/rat were injected i.m into pregnant rats at days six to nine, 10 to 15 and 16 
to the end of pregnancy. A dose of 40 mg was lethal within four days but 20 mg 
was well tolerated, allowing normal fetal development; 40 mg injected during days 
six to eight or 10 to 15 produced some dead or malformed fetuses, especially 
polydactyly, double tail, generalized oedema or circumscribed head oedema 
(Tuchmann-Duplessis and Mercier-Parot, 1956). 

In a four generation study, groups of rats received CaNa2EDTA at doses 
of 50, 125 or 250 mg/kg/day via the diet. No reproductive or teratogenic effects 
were observed in any of the three generations of offspring (Oser et al., 1963). This 
study is discussed in greater detail in Section 2.2.3 of this monograph. 

Groups of pregnant Sprague-Dawley rats were fed Na2EDTA in standard 
diet at levels of 2 or 3% from day 1 to 21 of gestation. Another group of pregnant 
rats received 3% Na2EDTA in standard diet from day 6 to 14 of gestation. A third 
group received 3% Na2EDTA and 1 000 ppm zinc in the diet from day 6 to 21 of 
gestation. Controls received standard diet, which contained 100 ppm zinc. The 
number of mated animals per group ranged from 5 to 16. on day 21 of gestation 
fetuses were removed, fixed in Bouin's solution and stored in 70% ethanol. Fetuses 
were examined under a dissecting microscope for gross external abnormalities. 
Razor cut sections were examined for abnormalities of the eye and head. In rats fed 
2% EDTA during pregnancy, litter size was normal and fetuses were alive. Gross 
congenital malformations were apparent in 7% of the treated in fetuses, compared 
to 0% in controls. In rats fed 3% EDTA during pregnancy, almost half of the 
implantation sites had dead fetuses or resorptions. Full term young were 
significantly smaller than controls and 100% of them were malformed. Maternal 
toxicity as manifested by diarrhoea was observed in rats fed 2 or 3 % EDT A in the 
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diet. Malformations included severe brain malformations, cleft palate, malformed 
digits, clubbed legs and malformed tails. The detrimental effects of EDTA were 
prevented by supplementation of the diet with 1 000 ppm zinc. These findings 
suggest that the teratogenic effects observed in rats fed EDT A at very high levels 
in the diet are due to zinc deficiency (Swenerton and Hurley, 1971). 

Groups of pregnant CD rats were treated with Na2EDTA via the diet at a 
dose of 954 mg/kg/day (3% in the diet; 42 rats), by gastric intubation at doses of 
1 250 mg/kg/day (split dose of 625 mg/kg twice/day; 22 rats) or 1 500 mg/kg/day 
(split dose of 750 mg/kg twice/day; 8 rats), or by subcutaneous injection at a dose 
of 375 mg/kg/day (25 rats). Animals were dosed on gestation day 7 through 14. The 
number of control animals for each exposure route were: diet, 38; gavage, 20; 
subcutaneous injection, 14. Fetuses were removed at day 21 of gestation. One third 
of the fetuses from each litter (including all stunted fetuses and those with external 
malformations) were dissected and examined for visceral abnormalities. All fetuses 
surviving to the time of sacrifice were fixed and examined for skeletal 
malformations. Maternal toxicity as evidence by decreased food consumption, 
diarrhoea and diminished weight gain was observed in groups treated by all three 
dose routes. In the dietary exposure group, there were no maternal deaths, but there 
was a significant increase in fetal death and 71% of the fetuses were malformed. In 
the group administered 625 mg/kg/day by gavage, only 64% of the dams survived 
treatment. In those surviving, the number of fetal resorptions was similar to controls 
and 20.5% of the fetuses were malformed. Seven out of eight of the dams 
administered 750 mg/kg/day by gavage failed to survive. In the group administered 
EDTA by subcutaneous injection, 76% of the dams survived, the number of 
resorptions was significantly increased above control levels and the proportion of 
malformed fetuses was similar to controls. The types of malformations were 
consistent with those observed by Swenerton and Hurley, although these former 
workers only evaluated external malformations. The results of this study indicate 
that the route of exposure to EDT A is an important factor in determining its 
lethality and teratogenicity (Kimmel, 1977). 

Groups of 20 pregnant CD rats were administered EDTA, Na2EDTA, 
Na3EDTA, Na4EDTA or CaNa2EDTA by gavage at a total dose of 1 000 mg 
EDT A/kg/day in two divided doses per day during gestation day 7 through 14. All 
fetuses were subjected to gross examination. One third were sliced and examined 
for visceral abnormalities and the other two thirds were dissected, processed and 
examined for skeletal abnormalities. The incidence of diarrhoea was increased in all 
treated groups. Food intake was decreased in treated groups as was weight gain 
during the treatment period. Litter size and fetal mortality were unaffected by 
treatment in all groups. No treatment-related teratogenic effects were observed in 
any group (Schardein et at., 1981). 
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2.2.5 Special studies on embryotoxicity 

2.2.5 .1 Chickens 

Disodium EDTA injected at levels of 3.4, 1.7 and 0.35 mg/egg gave 40, 
50 and 85% hatch, respectively. At the highest level, some embryos which failed 
to hatch showed anomalies (McLaughlin and Scott, 1964). 

2.2.6 Special studies on genotoxicity 

Na3EDTA was tested for mutagenicity in the L5178Y tk+/tk· mouse 
lymphoma cell forward mutation assay. Two experiments were conducted with S9, 
and three without S9, using EDTA concentrations of up to 5 000 ug/ml. No 
mutagenicity was observed with or without S9 (McGregor et al., 1988). 

Na3EDTA was tested for mutagenicity in Salmonella typhimurium strains 
TA98, TA100, TA1535, TA1537 and TA1538 as well as in Escherichia coli WP 
uvrA, in the presence and absence of S9. Concentrations of up to 1 mg/plate were 
tested. No evidence of mutagenicity was found in either of these bacterial systems, 
by four independent laboratories (Dunkel et al., 1985). 

2.2. 7 Special studies on skin sensitization 

Groups of 10 Hartley guinea-pigs received topical application of 
Na3EDTA, ethylene diamine (EDA) or epoxy resin (positive control) four times 
over 10 days to a shaved and depilated area on the back. Following a two week 
recovery period, animals received a challenge on the clipped flank. Animals 
originally treated with EDTA were not sensitized to EDTA. Animals originally 
treated with EDA were sensitized to EDA, but not to EDTA. The results of this 
study indicate a lack of sensitizing potential of EDT A and a lack of cross
sensitization between EDA and EDTA (Henck et al. 1985). 

2.3 Observations in humans 

Three comprehensive field trials have been carried out using NaFeEDTA 
as an iron fortificant in fish sauce (Garby and Areekul, 1974), off-white sugar 
(Viteri et al., 1983) curry powder (Ballot et al., 1989b). The salient features of 
these trials are listed in Table 5. All three trials were preceded by some estimate of 
the iron status of the population and care was taken to establish the acceptability and 
bioavailability of iron from the chosen vehicle prior to the trials (Garby and 
Areekul, 1974, Viteri et.al, 1983, Lamparelli et.al, 1987, Ballot et.al, 1989a). The 
choice of food vehicle in each case reflected the dietary habits of the population. 
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2.3.1 NaFeEDTA fortified fish sauce 

Fortified fish sauce was provided for a period of one year to the population 
of a Thai village. The packed red cell volume (PCV) values before and after the 
fortification program showed a significant increase as compared to a control village 
supplied with unfortified fish sauce. The biggest mean change ( +4.7) was seen in 
a sub-group of women who were anaemic at the start of the trial (initial PCV < 
33). Although a similar sub-group of women in the control group also improved 
during the year (mean change +2.1) the increase in PCV in the fortified group was 
significantly greater. The same pattern was seen in both men and children with low 
initial PCV values. 

In terms of iron nutrition the increase of 4. 7 PCV units over initial values 
represents an increase of about 187 mg iron, in total body iron or an increase in 
daily absorption of about 0.5 mg over the duration of the trial (1 year). This is 
64% of the expected increase in body iron of 0. 8 mg/ day calculated on the basis of 
an anticipated absorption of 8% and an assumed daily intake of 10 ml fortified fish 
sauce (10 mg Fe). Iron stores were not measured in this trial and the calculation 
does not take into account any absorbed iron which may have been laid down in 
stores. The calculated value therefore would be an underestimate of the total 
amount of iron actually absorbed. Nevertheless it illustrates that fortification with 
NaFeEDTA is a highly effective method for improving iron status. 

Overall this trial demonstrated that fortification of fish sauce at modest 
levels using NaFeEDTA is feasible, and that it can produce a significant 
improvement in iron status as assessed by a single simple criterion (PCV) (Garby 
and Areekul, 1974). 

2.3.2 NaFeEDTA fortified sugar 

The design of this trial makes interpretation of the results difficult. The 
analysis is based on the comparative changes in iron status observed in four 
communities. Three (#13, #14, #16) were test sites, and one was a control site 
(#15). The initial iron status of individuals drawn from test community #14 was 
significantly worse than that of individuals from the other test communities and the 
control community (#15). Unfortunately compliance was poor in this community 
and also in test community #13. Furthermore seventy percent of the families in test 
communities number 13 and 14 used fortified sugar for only half of the time. The 
remaining 30% used it for 80% of the time. Finally, subjects with severe anaemia 
were given therapeutic iron to improve their iron status prior to the trial. 
Despite the presence of these confounding factors, the haemoglobin values rose in 
both males and females after 20 months of fortification, although the values did not 
reach statistical significance. Only the children (5-12 years) in communities #13 
and #16 showed a significant improvement in haemoglobin levels when compared 
to children in the control community #15 (+2.2±1.7 and +2.2±1.5 respectively 
vs +1.6±1.2 g/dl). The greater benefit observed in children may have resulted 
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Table 5. Outline of field trials using NaFeEDTA to fortify various food vehicles 

References 

Geographical 
region 

Garby and Areekul, 
1974 

Thailand 

Population studied Two rural villages 

Design of trial Controlled (one 
village) not blinded 

Sample studies Test village (284) 
control village (330) 

Food vehicle 

Cons. of 
food vehicle 

Fe absorption 

Level of 
fortification and 
intake 

Acceptability 

Duration of trial 

% Abnormal iron 
status prior to 
trial 

Measurements 
taken 

Fish-sauce (salt 
substitute) 30 g 
NaCl/1, 10 mg Fell 
distributed by village 
head-man as 
required 

10 - 15 
ml/person/day 

8% 

1 mg Fe/ml 

10- 15 mg 
Fe/person/day 

No changes 

12 months 

30 - 50 of population 
anaemic; 
34% initial PCV 
below normal 

Packed cell volume 
(PCV) 

Viteri, et al., 1983 

Central America 

4 rural Guatemalan 
communities 

Controlled 
(community #15) not 
blinded 

#13 - 186 #14 - 306 
#15 - 234 #16 - 296 
severe anaemics 
treated prior to trial 

Off-white sugar 
distribution: sold to 
store keepers. 
Purchased by 
participants (poor 
compliance #13 and 
#14) 

33 g/person/day; 
children highest 
consumption 

8% 

13mg Fe/100g 
4.29 mg 
Fe/person/day 

Barely perceptible 
yellowing 

20 months 

Low Low Low 
Comm PCV Sat 
Ferr 
#13 31 34 52 
#14 43 58 72 
#15 35 12 37 
#16 21 23 34 

Haemoglobin, PCV, 
%Sat, FEP, Serum 
Ferritin, Cu, Zn 

Ballot, et al., 1989a,b 

South Africa 

Urban Indian community in 
a municipal housing estate 

Controlled (random 
allocation by families) 
double-blinded 

263 Families (672 subjects) 
129 control families 134 
fortified families Hb < 9 
g/dl excluded 

Masala (curry powder) 
distributed directly to 
families monthly free of 
charge 

5.5 g/person/day 

10% 

1.4 mg Fe/g 

7.7 mg Fe/person/day 

Slight darkening of food 

24 months 

Females 

IDA 24 
ID 53 

Males 

4 
24 

Haemoglobin, %Sat, Serum 
Ferritin 

IDA = Iron Deficiency anaemia; ID = Iron Deficiency; % Sat = % Saturation of Transferrin; FEP = 
Free Erythrocyte Protoporphyrin; PCV = Packed Cell Volume; Comm = Community 
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from the fact that sugar consumption was greater in children than in adults when 
considered relative to body weight. Mean serum ferritin which is a measure of the 
size of iron stores increased in each of the test communities, but not in the control 
community. In conclusion it should be noted that the relatively modest 
improvement in iron status noted in this trial may also have been due, in part, to the 
fact that the fortification level was considerably less than in the other two trials (4.3 
vs 10-15 and 7.7 mg/personlday) (Viteri et at., 1983). 

2.3.3 NaFeEDTA fortified masala 
The design of the most recent fortification trial differed from those of 

earlier studies in that it was conducted in a single community with families 
randomly assigned to control and test groups. The groups were matched for iron 
status. It was also double-blinded and care was taken to ensure that cross-over 
between groups did not occur. Fortified or unfortified masala was distributed 
directly to each family. In addition to evaluating fortification the usual indices of 
improving iron status (increasing haematocrit or haemoglobin and ferritin) in each 
individual by using a composite of haemoglobin concentration, percent saturation 
of transferrin, and serum ferritin concentration, an attempt was made to estimate the 
total body iron (in mg) in each individual by using a composite of haemoglobin 
concentration, percent saturation of transferrin and serum ferritin concentration 
(Cook, et at, 1986). This comprehensive index of iron nutrition made it possible 
to compare subjects with wide variations in iron status and thus to assess both the 
beneficial and potentially adverse effects of additional iron i.e. development of iron 
overload (Ballot, et at., 1989a, b). 

Significant improvement in body iron as assessed by the index was 
detectable in the group of women receiving fortified masala after one year of the 
program (Ballot, et at., 1989a, b). This improvement continued during the second 
year when the rise in haemoglobin concentration became significantly greater than 
in the control group. The prevalence of iron deficiency dropped dramatically in the 
women receiving fortified masala. Iron deficiency anaemia was detected in 22% of 
individuals at the start of the study, but only to 4. 9% after two years. The most 
significant improvement in iron status was noted in women who entered the trial 
with iron deficiency (especially in those with anaemia). They showed an increase 
in calculated body iron of 505 mg which is equivalent to the absorption of an 
additional 0.7 mg iron/day. The latter figure is close to the predicted improvement 
in iron balance of 0.8 mg daily based on isotopic absorption studies using 
NaFeEDTA fortified masala (Lamparelli et at., 1987). 

In iron-replete males the rise in calculated body iron was modest and only 
reached significance in alcohol abusers receiving fortified masala. This suggests that 
iron-replete males are unlikely to accumulate excessive amounts of iron under these 
fortification conditions. 
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3. COMMENTS 

The Committee was concerned about over-fortification or misuse of this 
product and did not recommend its availability for general use by individuals. 

The Committee noted that sodium iron EDTA dissociates in the intestine, 
and iron in this form is approximately twice as bioavailable as iron in the form of 
iron sulfate. The available studies indicated that only a fraction, if any, of the iron 
EDT A chelate is absorbed as such, that EDT A from sodium iron EDT A is only 
poorly absorbed and that the majority is excreted in the faeces. The portion that is 
absorbed ( <5%) is rapidly excreted in urine. The proposed supplementation 
programme would result in intakes of iron and EDTA of approximately 0.2 and 
1.34 mg/kg bw/day, respectively. 

4. EVALUATION 

Based on previous evaluations of both iron and EDT A and the available 
bioavailability and metabolism data, the Committee provisionally concluded that use 
of sodium iron EDT A meeting the tentative specifications prepared at the present 
meeting in supervised food fortification programmes in iron-deficient populations 
does not present a safety problem. The Committee requested that additional studies 
be conducted to assess the site of deposition of iron administered in this form and 
further studies to assess the metabolic fate of sodium iron EDTA following long
term administration. 

The Committee emphasized that its evaluation pertains only to the use of 
sodium iron EDT A as a dietary supplement to be used under supervision and 
expressed its concern about the potential for over-fortification because of the 
enhanced bioavailability of iron in this form. 

The Committee developed new tentative specifications for sodium iron (III) 
ethylenediaminetetraacetate (NaFeEDTA). In preparing the specifications, the 
Committee was aware that food-grade NaFeEDTA is not commercially available. 
However, the Committee was advised, that this substance is being evaluated for its 
usefulness in fortifying the diet in areas of the world where iron deficiency in the 
population is endemic, prepared specifications, which it believed would assist in the 
evaluation. The Committee obtained analytical data and other information on 
fertilizer-grade NaFeEDTA, which is widely available, and considered this together 
with the existing specifications for disodium ethylenediaminetetra-acetate and 
calcium disodium ethylenediaminetetraacetate in formulating the specifications. 
Because further information on assay and purity data for food-grade material and 
on analytical methodology is still needed, the specification was designated as 
tentative. 
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1. EXPLANATION 

Sucrose acetate isobutyrate, which is a mixture of esters of sucrose 
esterified with acetic and isobutyric acids, was evaluated at the nineteenth, twenty
first and twenty-sixth meetings of the Committee (Annex 1, references 38, 44 and 
59). At its twenty-first meeting, the Committee concluded that a complete 
toxicological profile was required for the evaluation of this compound, including 
carcinogenicity/toxicity studies in two animal species, a 2-year study in dogs with 
adequate numbers and dose groups to demonstrate a no-effect level and to assess the 
adverse effects of the substance on liver function, and a multigeneration 
reproduction/teratogenicity study. This information was not yet available when the 
compound was again reviewed at the twenty-sixth meeting of the Committee, so no 
ADI was allocated, although a toxicological monograph summarizing the available 
toxicological data was prepared (Annex 1, reference 60). With the exception of the 
2-year study in dogs, the requested data were available for consideration at the 
present meeting. The new data that have been made available as well as relevant 
studies from the previous monograph are summarized in this monograph. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

2 .1.1.1 Rats 

Male albino Holtzman rats, about 250 g, were intubated with 14C-SAIB of 
specific activity 0.411 ttCi/mg (all 14C-SAIB used this and the following studies was 
labelled on the sucrose portion of the molecule) in corn oil at dose levels equivalent 
to 27 or 100 mg/kg bw. The proportion of the administered dose absorbed from the 
GI tract was greater at the low dose (74-82%) than at the high dose (45-50%). 
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Elimination of 88 to 90% of the administered dose occurred in 48 hours. The 
relative proportion of radioactivity eliminated by the various routes varied with the 
dose. At the high dose level, 54-56% of the absorbed activity was eliminated as 
C02 and 26-28% in the urine. At the lower dose, 63-67% of the absorbed activity 
was eliminated in C02 and 23-25% in the urine. Four days after the administration 
of the test compound, less than 1% of the administered radioactivity was retained 
in the gastrointestinal tract (from cardiac valve to rectum), blood, liver and kidney. 
Chromatography of extracts of the 24-hour faeces of rats showed the presence of 
SAIB and other metabolites. Most of the radioactivity in urine was in the form of 
sucrose, although other unidentified substances were also present (Fassett and 
Reynolds 1962; Reynolds 1972a; Reynolds et al. 1974). 

Using the same protocol as in the previous study, male albino Holtzman 
rats weighing approximately 250 g received 100 mg/kg bw of 14C-SAIB (specific 
activity, 0.38 ttCi/mg) in corn oil by gavage. At termination of the study, 3 or 3.5 
hours after dosing, 78-84% of the radioactivity was recovered from the 
gastrointestinal contents. An additional 7-9% of the radioactivity was recovered 
from the stomach, intestinal and caecal tissues. Less than 4% of the radioactivity 
was excreted in the breath, urine and faeces within 3-3.5 hours after dosing, 
indicating that little absorption had taken place. Extracts of the gastrointestinal 
contents and organs were found to contain sucrose and partially acylated sucrose 
esters in addition to unchanged SAIB (Reynolds 1963). 

Two rats were given a single oral dose of 14C-SAIB (0.36 ttCi/mg) in 
aqueous emulsion at levels equivalent to 5.8 and 11.2 mg/kg bw. Within 3 days, 
59 and 52% of the 14C-labelled SAIB were recovered in breath as respired C02 , 11 
and 13% recovered in the urine, and 23 and 27% recovered in the faeces. The rats 
retained 6 and 6.6% of the 14C in the carcass; the distribution of radioactivity 
among the organs was comparable. Total absorption of administered SAIB was 71 
and 77% of the administered dose when recovery of label from urine, expired air 
and whole carcass was combined. The major 14C compounds in the faeces were 
SAIB or highly acylated sucrose molecules. Chromatographic separation of urine 
showed 1 or 2 major peaks, which were not identified. In comparison, rats given 
a single oral dose of 14C-labelled sucrose in aqueous solution at a level of 400 
mg/kg bw showed rapid absorption and metabolism of the sucrose to 14C02 , the 
maximum rate of elimination being observed 2 hours post-dosing. Only small 
amounts of 14C were eliminated in the urine and faeces. At sacrifice (3 days post 
dosing), the carcass retained 9. 6-12.9% of the 14C label. Distribution of 
radioactivity in the carcass was similar for rats treated with SAIB or with sucrose. 
No accumulation of radioactivity in a particular organ was observed (Reynolds 
1972b; Reynolds et al. 1974). 

Female rats received 14C-SAIB (specific activity 1.0 ttCi/mg) by oral 
intubation at a dose level of 50 mg/kg bw. More than 90% of the radioactivity 
remained in the gastrointestinal tract at 6 hours, of which approximately 60% was 
situated in the lumen of the small intestine. Less than 30% of this amount was 
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present as SAIB. Only 4.9% of the dose was excreted in the urine, and 2.4% was 
expired as C02 at 6 hours after dosing. Twenty-four hours after administration of 
the test compound, 90% of the 14C had been excreted and less than 8% remained 
in the gastrointestinal tract. Metabolism to C02 accounted for 45% of the excreted 
radioactivity. Faecal material contained 33% of 14C, of which 26% was in the form 
of unchanged SAIB. 14C metabolites present in urine were similar to those obtained 
from urine of rats given an equivalent dose of 14C sucrose (Phillips et al. 1976). 

In a series of experiments with sucrose octaisobutyrate (SOIB), a 
constituent ester of SAIB, male rats received ::::200 mg/kg bw 14C-SOIB (specific 
activity 0.2 J.LCi/ml) by com oil gavage. Radioactivity was not detectable in urine, 
faeces or breath until 6 hours following dosing, but by 5 days > 95% of the dose 
had been excreted by these routes. The major route of excretion was the faeces (78-
93% of the dose); consequently, only a small amount of administered SOIB was 
absorbed. 14C02 in the breath was the major route of excretion for absorbed SOIB. 
Radioactivity in bile samples collected from an indwelling catheter for 12 hours 
after dosing was negligible or only slightly above background and after 48 hours, 
only 0.2% of the administered dose had been collected from bile. Similarly, 
radioactivity in terminal blood samples collected at 2, 4, 8, 12, and 24 hours was 
only detectable in 24-hour samples and included a negligible percentage of the 
administered radioactivity (Noker 1982; Noker et al. 1986). 

2.1.1.2 Dogs 

Two dogs received single doses of 3.0 or 4.8 mg/kg bw 14C-SAIB (specific 
activity 0.36 J.LCi/mg) in aqueous emulsion by stomach tube. A large proportion of 
the administered dose (compared with rats at the same dose) was eliminated in the 
faeces (52.5 and 45.5%, respectively), within 4 days of dosing. Although collection 
of 14C02 excreted in breath was incomplete, it still represented the major portion of 
excreted radioactivity (26-28%). Smaller amounts were eliminated in the urine ( 6 
and 7% after 7 and 8 days respectively). Chromatography of faecal extracts 
indicated the presence of SAIB and highly acylated sucrose esters. Radioactivity in 
urine samples corresponded almost entirely to sucrose esters while no significant 
amount of sucrose was detected (Reynolds and Travis 1972; Reynolds et al. 1974). 

14C-SOIB (specific activity 0.02 J.LCi/mg) was administered to male Beagle 
dogs by com oil gavage at a dose of "" 200 mg/kg bw. Almost no radioactivity was 
detected as 14C02 during the first 24 hours after dosing. Throughout the 5-day 
study, the amount of radioactivity excreted as 14C02 accounted for 1 % or less of the 
dose. The major route of elimination was the faeces, accounting for 77 to 94% of 
the dose. In one of the dogs, essentially the entire dose was recovered within 5 
days, indicating that SOIB was not incorporated to any great extent in the tissues. 
In another study using dogs with indwelling catheters, between 2 and 10% of the 
dose was retrieved in bile collections made over 48 hours or more after a delay of 
4-6 hours following dosing. Chromatographic analysis of the bile samples revealed 
at least 9 radiolabelled components. Although the identity of none of them could 
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be established, SOIB was not present in the samples and all the components were 
more polar than the parent compound. The variability in total biliary excretion 
between individual animals and in the same animals in repeat -dose studies was 
attributed to differences in degree of absorption of the compound. The results of 
a separate 12-hour bile collection study were considered to be possibly inaccurate 
since the anaesthesia (halothane-nitrous oxide) used during the collection period may 
have resulted in reduced gastric motility (Noker 1984a; Noker et al. 1986). 

2.1.1.3 Monkeys 

Male Cynomolgus monkeys weighing approximately 2.5 kg received a 
single dose of :::::200 mg/kg bw 14C-SOIB (specific activity 0.08 1tCi/mg) by oral 
gavage in com oil. The major route of elimination was the faeces, where the 
amount recovered from individual monkeys ranged from 61 to 85% of that 
administered. Radioactivity was detected in the breath of one monkey at 12 hours 
and in the other two monkeys only after 24 hours. During the 5-day observation 
period, the total amount of SOIB excreted as 14C02 accounted for less than 2% of 
the administered dose. For each monkey, 1% or less of the dose was found in the 
urine. Excretion of radioactivity in the bile was monitored in three monkeys for at 
least 52 hours. For all 3 monkeys, very low levels of radioactivity were excreted 
into the bile, corresponding to only 0.1-0.2% of the administered dose. No 
significant level of radioactivity was detected in the blood or plasma in the 48 hours 
following dosing (Noker 1984b; Noker et al. 1986). 

2.1.1.4 Humans 

14C-SAIB (specific activity 0.39 ~LCi/mg) was incorporated into a simulated 
non-carbonated soft drink and administered to 3 male subjects. The 3 subjects were 
each given 2 or 3 single doses at widely spaced intervals. The first dose was 
administered at a level of ""' 1 mg/kg bw to each subject, none of whom had been 
previously exposed to SAIB. Two of these subjects were given a second dose at the 
same level 7-27 weeks after the first dose and following ingestion of unlabelled 
SAIB at a level of 1 mg/kg bw/dy for 7 days. The third subject received a single 
dose at a level of 0.18 mg/kg 25 weeks after the first dose. One subject was given 
a third dose at a level of 1 mg/kg bw 10 weeks after the second dose and 
immediately after ingestion of a high-fat meal. All subjects were monitored for 
elimination of radioactivity in expired air and urine for 30 days or more post
dosing. Elimination of radioactivity from the lungs occurred rapidly. [Only a small 
amount of the total was eliminated in the 6-8-hour period post-dosing, but excreted 
radioactivity reached maximum levels 9-15 hours post-dosing.] The subjects 
excreted 14 to 21% of the dose in the urine, the maximum rate of urinary excretion 
occurring within 3 hours and decreasing by 48 hours. About 10% or less of the 
dose was unabsorbed and appeared in the faeces of all subjects. Prior dosing with 
SAIB or 14C-SAIB had no effect on the pattern of elimination. Chromatographic 
studies of urine showed several radioactive peaks, which have not been clearly 
identified; however, the amount present as free sucrose was estimated to be 20% 
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of the radioactivity and SAIB or highly acylated esters of sucrose were not detected. 
Chromatographic studies of extracts of faeces showed the presence of radioactive 
materials which did not correspond with those in the urine and which were probably 
highly acylated esters of sucrose and SAIB. No effect on blood haematology or 
selected blood chemical values was detected. In another study, two subjects 
ingested 14C-sucrose at a level of 400 mg/kg bw, corresponding to the concentration 
of sucrose in the simulated soft drink administered in the previous study. Forty-two 
to 59% of the 14C-sucrose was metabolized to 14C02 within 48 hours, the maximum 
rate of elimination occurring 3 hours post-dosing. Both subjects eliminated small 
amounts of 14C in the urine (1.9 and 1.7% of the dose in 48 hours). Most of the 
radioactivity appeared to have been incorporated into urea and free sucrose was not 
detected in urine samples (Reynolds et al. 1972; Reynolds et al. 1974). 

Two male subjects were given SAIB (100 mg or 1 g) as a single dose. 
The urinary excretion of sucrose and sucrose esters was less than the limit of 
detection of the assay procedure used (1 ppm sucrose) in any 24-hour period up to 
5 days post-dosing. In another study, 2 male subjects were given 1 g of SAIB/day 
for 7 days. No urinary excretion of sucrose was detected. No unchanged SAIB or 
metabolites were detected in faecal samples of one subject given 100 mg of SAIB 
daily for 7 days. Two subjects were each given sucrose intravenously (100, 250 
and 800 mg in a 10% solution w/v on different days) and the urine collected 3, 12 
and 24 hours. Approximately 50% of the administered sucrose was recovered in 
the urine by 3 hours at all 3 dose levels, and there was almost quantitative recovery 
of the lower dose by 12 hours (Phillips et al. 1976). 

2.1.1.5 Combined species 

The disposition of SAIB following a single oral dose was compared in the 
rat (5.8, 11.2, 27 and 100 mg/kg bw), dog (3.0 and 4.8 mg/kg bw) and human 
(0.18 and 1.0 mg/kg bw). The authors concluded that the excretion patterns for 
humans and rats showed more similarities than did the excretion patterns for humans 
and dogs. Humans and rats (at the three lower doses) absorbed a larger proportion 
of the administered SAIB from the intestine and converted a higher proportion to 
C02 • The results of chromatography of urine extracts indicated that the types of 
partial sucrose esters differed in dogs compared with rats and humans. More highly 
acylated sucrose molecules were present in the urine of dogs and more polar esters 
in the urine of humans and rats (Reynolds et al. 1971; Reynolds et al. 1974). 

Comparison of the disposition of SOIB in rats, dogs and monkeys receiving 
the same single, oral dose (200 mg/kg bw), showed that the three species excreted 
similar amounts of the administered compound in the faeces and that this was the 
major route for excretion of SOIB. However, the three species differed in the 
disposition of absorbed SOIB. Measurement of biliary excretion indicated that the 
dog excreted substantial amounts of SOIB by this route (3-10% of the administered 
dose) compared with rats and monkeys ( ::;; 0. 2% of the administered dose). In the 
rat, the preferred route of elimination of absorbed SOIB was through expired C02 , 
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representing 3-15% of the dose; C02 represented 0.1-1. 7% of the dose in dogs and 
monkeys. The authors conclude that the virtual absence of radioactivity in the 
blood, urine, expired C02 and bile of the monkey suggests that this species did not 
readily absorb SOIB. Chromatographic analysis of the faecal metabolites of SOIB 
indicated that this compound was hydrolyzed to a different extent in the gut of the 
rat, dog and monkey with the most extensive hydrolysis occurring in the rat, less 
extensive in the dog and little intestinal metabolism in the monkey (Noker et al. 
1986). 

2.1.2 Biotransformation 

The bile ducts of 3 rats and 1 dog were cannulated and the bile was 
collected following single per os doses of 14C-SAIB. The rats eliminated 4.5% of 
the administered dose in the bile within 15 hours of dosing. Chromatographic 
separation of the metabolites present in the bile showed that they had properties 
similar to sucrose or sucrose with few acyl groups attached. In the case of the dog, 
which was subjected to 3 separate trials, about 6% of the dose was eliminated in the 
bile within 15 hours of dosing. Separation of the metabolites showed the presence 
of SAIB or highly acylated sucrose (Reynolds et al. 1975). 

Homogenates of the liver and small intestinal mucosa of rats prepared in 
Krebs-Ringer phosphate buffer (pH 7 .4) were incubated with 14C-SAIB. At 0, 1, 
2, and 4 hours, samples were removed and assayed for metabolites. The rate and 
extent of hydrolysis of SAIB by liver homogenates was less than that of the 
intestinal mucosa, and the rate and extent of hydrolysis decreased with increasing 
concentrations of SAIB. In another experiment, 14C-labelled SAIB was incubated 
under anaerobic conditions with preparations derived from the contents of 3 regions 
of the rat gut, namely, stomach, small intestine and caecum. Preparations from the 
proximal region of the small intestine showed the greatest hydrolytic activity. The 
hydrolytic activity of the caecal contents was less than that of the small intestine, 
and the stomach contents showed no hydrolytic activity. An ex vivo study of the 
disappearance of radioactivity from loops of the small intestine of rats after 
introduction of 14C-sucrose and 14C-SAIB showed that sucrose was rapidly cleared 
from the intestine, whereas the rate of removal of SAIB activity was very slow, less 
than 13% in 1 hour. When 14C-SAIB was incubated with human faecal 
homogenates, 40% was hydrolyzed in a 16-hour period, with less than 2% 
completely hydrolyzed to sucrose. Hydrolysis of SAIB by suspensions of bacteria 
isolated from human faeces was even less than that of the faecal suspensions 
(Phillips et al. 1976). 

Dogs and rats received a single dose of 14C-SAIB [not specified in previous 
monograph] . The rats eliminated 7-10% of the dose in the urine in 30-46 hours and 
the dogs, 2.8-5.2% of the dose in the urine in 29-30 hours. Size exclusion 
chromatography of the dog and rat urine showed that 14C-labelled molecules larger 
than sucrose were not present to any significant extent. The nature of the 
metabolites was not determined, although sucrose, glucose and fructose appeared 
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to be absent. A male subject was given a single dose of 14C-SAIB at a dose level 
of 1.18 mg/kg bw. Samples of urine were collected before dosing and at 0 and 6.2 
hours after dosing, and subjected to various chromatographic procedures. Glucose, 
fructose and the esters of fructose and sucrose were not present in the urine. Two 
unidentified peaks were considered to be the principal metabolites of SAIB 
(Reynolds and Zeigler 1977). 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with sucrose acetate isobutyrate are 
summarized in Table 1. 

Table 1. Results of acute toxicity studies with sucrose acetate isobutyrate. 

Animal Route 

Rat Oral 

LD50 

(g/kg bw) 

>5.0 

2.2.2 Short-term toxicity studies 

2.2.2.1 Mice 

Reference 

Fassett and Reynolds 1962; Reynolds 
1972a 

Five groups ofB6C3F1/CrlBR mice (10/sex/goup) received approximately 
0, 0.625, 1.25, 2.5 or 5.0 g SAIB/kg bw/day in the diet for 4 weeks. Body 
weights, food consumption and physical examinations were recorded at initiation of 
treatment and weekly during the study. Feeding of SAIB at these doses for 4 weeks 
had no effect on the biological performance of the treated animals. No treatment
related observations were noted at the terminal necropsy (MacKenzie 1987). 

2.2.2.2 Rats 

A three-week feeding study was conducted in which groups of 30 Sprague
Dawley rats (15/sex/group) were fed 0, 5 000 or 50 000 ppm SAIB in the diet. 
Five rats/sex/group were sacrificed after 1, 2 and 3 weeks of treatment. Twice 
weekly determinations of body weight and food consumption indicated no adverse 
effect of treatment on these parameters. Daily examination of the rats during the 
first week revealed a high incidence of respiratory disease which was not related to 
treatment; no animals died. Gross necropsy at sacrifice did not reveal any 
treatment-related changes. Absolute and relative liver weights were comparable 
between control and treated groups (Procter and Chappel 1970a). 
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In a series of studies, Sprague-Dawley rats were divided into 14 treatment 
groups of 10 animals/sex/group and fed diets containing SAIB at dietary levels of 
1.0, 2.0 and 4.0% (w/w) supplemented with 5% com oil (w/w). The groups were 
fed the test diets for 28 or 56 days continuously or for 28 days followed or preceded 
by 28 days on control diet. Two groups were fed the control diet containing corn 
oil only for 28 or 56 days continuously. At the termination of the study, animals 
were sacrificed and blood collected for determination of serum alkaline phosphatase 
(SAP), ornithine carbamyl transferase (OCT), blood urea nitrogen (BUN), 
triglyceride, cholesterol and glucose. The animals were autopsied, examined 
grossly, and absolute and relative liver weights were determined. Liver microsomal 
enzyme activity (p-nitroanisole demethylase), glucose-6-phosphatase and bilirubin-{3-
D-glucuronyl transferase were determined and the liver was histologically examined. 
Weight gain and feed consumption of test and control groups were similar. There 
were no significant changes in the serum chemistry of the test animals. Gross 
pathology at autopsy was negative and liver weights (absolute and relative) were 
similar for test and control groups. Microsomal enzyme activity was similar for 
test and control animals, with the exception that glucose-6-phosphatase activity was 
reduced in male rats on the 4% SAIB diet (Krasavage and Terhaar 1971b; 
Krasavage et al., 1973). 

Groups of 50 Holtzman albino rats, 25 I sex! group, were maintained on diets 
containing 0, 1.0 or 5.0% SAIB (w/w) for a period of 95 days. Haematological 
studies consisting ofHb, Hct and total and differential WBC counts were carried out 
at days 24, 52 and 87 of the study. Body weight and food intake were determined 
weekly. The animals were necropsied on day 95 and liver and kidney weights 
recorded and a complete histological study made of 15 tissues and organs, including 
the liver, stomach and small intestine. There was a slight reduction in weight gain 
in the males fed 5% SAIB and a slight increase in the absolute and relative liver 
weight of females fed 5% SAIB. No compound-related histopathological changes 
were observed (Fassett et al., 1962). 

Four groups of 20 Sprague-Dawley rats (10 males, 10 females; body 
weight 85-100 g), were maintained on diets for 13 weeks which contained 0, 0.30, 
1.80 or 9.12% SAIB dissolved in vegetable oil, to a final concentration of 9.3% oil 
in the diet. Body weights were determined weekly. Prior to sacrifice at 13 weeks, 
blood samples were taken and Hb content and total and differential WBC count were 
determined. At autopsy, absolute and relative organ weights were recorded for 
liver, kidneys, lungs, testes, spleen and heart and a microscopic examination was 
made of 10 tissues and organs including the liver. At the highest dose level there 
was occasional diarrhoea. However, there were no significant differences in weight 
gain between control and test animals. Organ weight, blood chemistry and 
histopathology were similar in all groups and showed no compound-related effects 
(Hint, 1964). 

Groups of 80 rats (Sprague-Dawley), 40/sex/group, were maintained on 
diets containing 0, 2.5, 5.0 or 10% SAIB. A positive control group for the study 
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of liver enlargement and microsomal enzyme induction received phenobarbital daily 
by gavage at a dose equivalent to 100 mg/kg bw. Half of each group received 
treatment for 6 weeks, and the other half for 12 weeks. Following 6 and 12 weeks 
on the test diet, one subgroup (10 rats/sex/group) was subjected to the 
Zoxazolamine muscle relaxant test and retested 4 weeks after removal from 
treatment. The other subgroup (10 rats/sex/group) was subjected to extensive 
histological and biochemical tests at the end of 6 or 12 weeks, which included 
serum OCT and protein, glycogen, carboxylesterase, lipid and water of the liver. 
In addition, urinary excretion of ascorbic acid was measured at weekly intervals 
during treatment. At autopsy, absolute and relative organ weights of the adrenals, 
heart, kidney and liver were recorded for test and control animals for both 
subgroups. 

Dietary SAIB had no significant effect on the weight gain of test animals 
except at the low dose (2.5%) level, where there was slight decrease in weight gain 
of males after 6 weeks and in both sexes after 12 weeks. In general, food 
consumption in the SAIB groups was not affected. The SAIB-treated rats did not 
differ from negative controls in their response to the Zoxazolamine muscle relaxant 
challenge or in urinary excretion of ascorbic acid. In contrast, in the phenobarbital
treated rats, the response to Zoxazolamine was markedly reduced and urinary 
excretion of ascorbic acid showed a prolonged and marked elevation. On this basis, 
the authors concluded that induction of microsomal enzymes did not occur in SAIB
treated rats. There were no significant compound-related effects in the organ 
weights, gross pathology or histopathology in the SAIB-treated animals. The 
biochemical studies of SAIB-fed animals showed significantly increased glycogen 
and water content in the livers of the 10% males and females but no increase in 
hepatic carboxylesterase levels. In contrast, the animals which had been 
administered phenobarbital had enlarged livers and demonstrated a significant 
reduction in glycogen and water content, an increase in lipid content, and a marked 
increase in carboxylesterase activity of the liver (Procter et al., 1971a). 

Groups of 20 male and 20 female F-344 rats were fed diets which provided 
doses of 0, 0.5, 1 or 2 g SAIB/kg bw/day for 52 weeks. Individual body weights 
and food consumption were recorded weekly. Ophthalmoscopic examinations were 
performed on all animals at initiation, 6 months and 12 months; a battery of 
standard haematology, clinical chemistry and urinalysis parameters were measured 
at 6 and 12 months. A bromosulfophthalein (BSP) clearance test was performed on 
all animals in the control and high-dose groups during weeks 23 and 48. No 
information on the conduct of the BSP clearance test was supplied (i.e. dose of BSP, 
clearance times used). All surviving animals were sacrificed after 52 weeks of 
treatment and the organ weights for heart, kidneys, liver, gonads and brain 
recorded. Histopathological examination was conducted on kidney, liver, lung and 
gross lesions from all animals in all dose groups and on 32 additional tissues, 
including the common bile duct and organs of the GI tract, from all control and 
high-dose animals. Samples of the liver from 3 control and 3 high-dose animals 
were also examined by electron microscopy. 
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Treatment with SAIB did not affect body weight gain, food consumption 
or the general health of the animals. In addition, results from measurement of 
haematology, clinical chemistry and urinalysis parameters did not suggest adverse 
treatment-related effects. Absolute, relative-to-brain or relative-to-body organ 
weihts were not affected and no unusual histopathological observations were noted. 
Ultrastructural examination of livers failed to reveal any change in liver cells or in 
bile canaliculi and sinusoidal linings as a result of treatment with SAIB. A NOEL 
of 2 g/kg bw/day was assigned for this study (MacKenzie 1990a). 

2.2.2.3 Dogs 

Three test groups of 8 pure-bred beagle dogs (4 males, 4 females), were 
maintained on diets containing 0.2, 0.6 and 2.0% SAIB dissolved in cottonseed oil 
for a period of 90 days. The control group consisted of 12 pure-bred beagles (6 
males, 6 females). The total fat content of the diets was adjusted to 12% by 
addition of cottonseed oil. Physical examinations and clinical studies were made 
twice prior to commencement of the study and at week 12. The clinical studies 
included measurement of haemoglobin concentration, haematocrit, total and 
differential WBC count, blood glucose, BUN, SAP and LDH, and standard urinary 
parameters. Neurological reflexes were tested and body weight and food intake 
recorded weekly. At the termination of the study (end of twelfth week), all dogs 
were sacrificed and autopsied. Absolute and relative organ weights were determined 
for liver, kidneys, spleen, gonads, adrenals, pituitary and brain. Twenty-three 
tissues, including the liver, gall bladder and small and large intestines from dogs in 
the control and 2% groups were examined microscopically. The liver and kidneys 
of dogs in the 0.2 and 0.6% SAIB groups were also examined microscopically. 

There was no significant compound-related effect on food intake or weight 
gain. Haematological and urine parameters of test animals and controls were 
comparable and within normal values. Serum chemistry indicated a significant 
increase in SAP activity of both male and female dogs in the 2% group 
(approximately two times increase over pretreatment values). At autopsy there was 
a marked, dose-related increase in relative liver weights in the 0. 6% and 2% groups 
of both sexes when compared with controls; all other organ weights were normal. 
No compound-related histopathology was observed (Morgareidge, 1965). 

In another study, groups of 12 beagle dogs (6/sex/group) were fed diets 
containing SAIB at 0, 0.5, 1.0, 2.0 and 4.0% for a period of 12 weeks. Test 
animals in the 4.0% group were maintained for a further 3 weeks on an SAIB-free 
diet. Body weight and food intake were determined during the course of the study. 
Fasting blood samples and urine samples were obtained at weeks 4, 8 and 12 and 
standard haematological, biochemical and urinalysis tests were performed. At these 
intervals, 30-minute bromosulfophthalein (BSP) and phenosulfophthalein (PSP) 
retentions were measured. BSP and indocyanine green (ICG) plasma disappearance 
curves were determined at week 12 for male dogs in the 0 and 4.0% groups. BSP 
clearance was measured in the 4.0% group during the 3-week withdrawal period. 
At the end of the test period, the animals were sacrificed, and following completion 
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of gross pathological examination, absolute and relative organ weights were 
determined for the brain, heart, liver, lung, kidneys, adrenals, gonads, prostate, 
uterus, pituitary, spleen and thyroid. A microscopic examination was made of 
samples of 6 tissues including the liver and small and large intestines. 
Histochemical studies were carried out on liver sections of dogs from the 0.5, 1 and 
2% groups, and included evaluation of succinate dehydrogenase, phosphorylase, 
glucose-6-phosphate dehydrogenase, glycogen, acid phosphatase, alkaline 
phosphatase, adenosine triphosphatase, and use of Masson's trichrome stain. 
Additional samples of liver from test animals (not including the 4% groups) were 
analyzed for protein, glycogen, lipid and water, and carboxy I esterase activity. 
Serum OCT was measured in serum samples obtained terminally. Electron 
microscopic studies were carried out on liver samples from animals in all groups 
except the 4.0% group. 

Daily clinical observation revealed no change in the treated dogs. Growth 
and food intake appeared normal in all groups. Urine and haematological analyses 
were similar in test and control groups and of the biochemical parameters, only SAP 
values demonstrated an increase in the treated animals which was directly related 
to dose level and duration of exposure. Marked bromosulfophthalein (BSP) 
retention occurred among all test animals during the experimental period, but the 
magnitude of the response was not dose-related. The marked increase in BSP 
retention in the 4% group was reversible following withdrawal of SAIB from the 
diet for 3 weeks. lndocyanine green clearance rates were reduced in a manner 
paralleling the changes observed in the BSP tests. Male dogs treated with SAIB 
showed a dose-related increase in absolute and relative liver weight which was 
reversible following 3 weeks on a SAIB-free diet. No liver enlargement was 
observed in the female dogs. Histochemical studies of liver sections did not reveal 
any changes in the hepatocytes; however, there was a marked increase in enzyme 
activity (alkaline phosphatase, adenosine triphosphatase and glucose-6-phosphate 
dehydrogenase) of the bile canaliculi of treated animals when compared with 
controls. There was a slight but statistically significant reduction of protein content 
and a slight increase in glycogen in the liver. Liver lipid was slightly increased at 
the 2% level. An increase in liver carboxylesterase was observed in the test groups, 
particularly in the males, but the effect was not dose-related. Serum OCT values 
assayed in terminal blood samples were similar for test and control animals and 
within normal range. Light microscopic examination of the liver from treated males 
showed hepatocellular hypertrophy, dilatation of the bile canaliculi, and an increase 
in the number of bile pigment granules. Electron microscopic evaluation of the 
hepatocytes of treated dogs showed various changes, the most consistent being an 
increase in smooth endoplasmic reticulum (SER). The effect was observed in both 
treated males and females, but the effect was most pronounced in the males. The 
structural changes found in the bile canaliculi and the pericanalicular cytoplasmic 
areas included moderate dilatation of the canaliculi, pronounced microvillous 
pattern, prominent Golgi bodies and an increased number of microbodies in the 
intracellular pigment granules. Since effects of the test material on the liver were 
observed at all dose levels, a NOEL was not observed for this study (Procter et al., 
1970). 
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In a parallel study, a group of 8 beagle dogs ( 4/ sex/ group) was fed SAIB 
at a dietary level of 2.0% for 12 weeks and then maintained for 6 weeks on an 
SAIB-free diet prior to sacrifice. SAIB caused a slight weight depression that was 
reversible upon removal of SAIB from the diet. The effect of SAIB on two 
indicators of liver function, SAP activity and plasma BSP clearance was completely 
reversed following the 6-week withdrawal period. At autopsy, the liver enlargement 
reported in organ weight studies, the high activity of alkaline phosphatase, adenosine 
triphosphatase and glucose-6-phosphate dehydrogenase in bile canaliculi reported in 
the histochemical studies, and the effect of SAIB administration on liver 
carboxylesterase activity were fully reversible following this withdrawal period. 
Electron microscopic examination of the liver indicated that the cellular morphology 
was completely normal following removal of the SAIB from the diet (Procter et al., 
1971b; Procter et al., 1973). 

Six male beagle dogs, approximately 6 years old, were fed a control diet 
containing 5% (w/w) com oil for 3 weeks and then an experimental diet containing 
5% SAIB for 28 days. The dogs were returned to control diet for the next 57 days. 
Haematocrit, haemoglobin, total and differential WBC counts, ASAT, blood 
glucose, BUN, serum protein, SAP, OCT, and triglyceride and cholesterol 
determinations were made twice prior to and at weekly intervals during the feeding 
study. Four of the dogs then received one day's allotment of the SAIB diet, and 
ICG plasma clearance rates and SAP were determined after 24 and 48 hours. The 
study was terminated 3 days later. At the termination of the study, all dogs were 
sacrificed, absolute and relative liver and kidney weights determined, and 23 tissues 
and organs, including liver, gall bladder and organs of the GI tract, examined 
microscopically. Dogs on diets containing 5% SAIB showed a moderate increase 
in SAP and a prolongation of ICG plasma clearance by the liver. Within 5 weeks 
of withdrawal of SAIB from the diet, SAP activity was near normal. The ICG 
clearance rate appeared within normal range 2 weeks after withdrawal of SAIB from 
the diet. After receiving control diet for 8 weeks, the 4 dogs returned to SAlE
containing diets for 24 hours showed a significant slowing of ICG clearance rate, 
but SAP did not appear to be increased. All other parameters measured in test and 
control animals were similar (Krasavage and Terhaar, 1971a; Krasavage et al. 
1973). 

In another study, groups of 5 male beagle dogs ( 11-13 months of age) were 
fed diets containing 5.0% SAIB plus 5% com oil, or com oil alone for 91 days. 
Physical appearance, behaviour, food consumption and body weight were 
determined daily throughout the study. Indocyanine green plasma clearance rates 
were determined at 3-week intervals. Serum bilirubin was measured at week 7 of 
the study and haematological and blood chemistry (haematocrit, haemoglobin, BUN, 
serum protein, SAP and OCT, triglyceride and cholesterol) studies were carried out 
at the termination of the study. All dogs were autopsied at the termination of the 
study, liver and kidney weights recorded, and all tissues (not specified) examined 
microscopically. Livers were analyzed for glycogen, protein and phospholipid 
content, and samples were assayed for microsomal enzyme activity (p-nitroanisole 
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demethylase), and for glucose-6-phosphatase and bilirubin-{:1-D-glycuranyl 
transferase activities. Liver, kidney, bone, bile and scrapings of the intestinal 
mucosa were analyzed for alkaline phosphatase activity. Dogs fed SAIB showed a 
slight increase in SAP, as well as a prolonged indocyanine green clearance time, 
increased relative and absolute liver weight. Liver glycogen and phospholipid 
content were increased while liver protein was decreased. Disk electrophoresis and 
isoenzyme inactivation studies of tissue alkaline phosphatase indicated that the 
elevation of SAP was related to the liver isoenzyme. The liver content of alkaline 
phosphatase in SAIB-fed animals was twice that of controls. All other parameters 
studied were similar in test and control animals (Krasavage and Terhaar, 1971c; 
Krasavage et al., 1973). 

2.2.2.4 Monkeys 

Two male and two female Cynomolgus monkeys received SAIB by 
intubation in an orange juice vehicle over a period of 14 days. Dosing started at 
1.25 g/kg bw/dy and increased by a factor of 2 with a 72-h rest period between 
doses, up to a dose of 20 g/kg bw/d. The animals were observed daily for signs of 
adverse effects. Body weight and food consumption were recorded daily. Seventy
two hours after the last dose, the animals were sacrificed and complete gross 
postmortem examinations were conducted. No deaths occurred during the study. 
Moderate amounts of yellow, watery emesis and/or yellow/tan watery stools were 
observed in some males and some females 1 to 5 hours after dosing. Twenty-four 
hours after dosing, all the animals passed moderate amounts of loose, tan stools. 
Gross postmortem examinations did not reveal any changes which could be 
attributed to an effect of treatment (Tierney and Rinehart, 1979). 

Twelve Cynomolgus monkeys were assigned to six goups (1/sex/group) in 
a range-finding study in which doses of 0, 0.5, 1.0, 2.0, 5.0 and 10.0 g SAIB/kg 
bw/day were administered by gavage in orange juice concentrate for 15 consecutive 
days. Physical observations, body weight and food consumption were recorded 
daily. Thirty-minute BSP retention was determined pretest and prior to termination. 
Following gross necropsy, adrenals, heart, kidneys, liver and all gross lesions were 
preserved for histopathological examination. In addition, two sections of liver from 
control and high-dose monkeys were examined by electron microscopy. Treatment 
with SAIB for 15 days had no effect on body weight or food consumption. Gross 
postmortem examinations and light microscopic evaluations did not reveal evidence 
of changes attributable to treatment. Electron microscopy of liver samples from the 
high-dose male and female revealed glycogen aggregation surrounded by smooth 
endoplasmic reticulum in hepatocytes which did not represent a significant alteration 
in ultrastructural organization (Tierney and Rinehart, 1980a). 

In another study, the evaluation of selected clinical chemical parameters 
was conducted in eight Cynomolgus monkeys (1/sex/group) fed doses of 0, 2.0, 5.0 
and 10.0 g SAIB/kg bw/day under the same conditions as in the previous study. 
Blood samples were collected pretest and at termination of the study for 
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measurement of ASAT, ALAI, SAP, BUN, total protein, albumin, globulin, 
creatinine, total bilirubin and bromosulfophthalein retention. Although plasma 
levels of BSP were presented and the time for clearance indicated, no other details 
of the clearance test (e.g. dose of BSP) were provided. Gross necropsy was 
conducted at sacrifice. Treatment with SAIB had no effect on body weight or food 
consumption. There were no differences in the clinical chemistry parameters, 
including bromosulfophthalein retention, which could be attributed to treatment 
(Tierney and Rinehart, 1980b). 

In a 4-week oral toxicity study with Cynomolgus monkeys, doses of 0, 
500, 1 450 and 2 400 mg SAIB/kg bw/day were administered by com oil gavage 
to 4 groups of 1 monkey/sex/group. Clinical observations were made twice daily 
and included monitoring of inappetence. Body weights were determined weekly and 
a complete physical examination was conducted prior to treatment and at the end of 
4 weeks. A standard set of haematology and clinical chemistry parameters 
(including gamma-glutamyl transpeptidase, SAP, OCT and 30-minute BSP 
clearance) were measured from blood samples collected pretest and at four weeks. 
Gross necropsy was conducted at sacrifice. Inappetence was noted occasionally 
throughout the study for most monkeys, although it was observed on 13 separate 
days in the high-dose female. Consequently, this animal experienced a 12% weight 
loss over the course of the study. Body weight gains of the other animals were 
comparable. No abnormalities related to treatment were detected from the physical 
examinations. The results of haematological and clinical chemistry tests did not 
indicate an effect of treatment although lowered serum phosphorous levels were 
detected in the high-dose female. For BSP clearance, only semi-quantitative results 
were presented, i.e. > 95% clearance for all groups. This could indicate that the 
dose used was too low to detect any changes within a standard 30 min. period. The 
concentration of BSP in blood was not presented. Gross necropsy did not reveal 
any unusual findings (Blair, 1986). 

Groups of 4 male and 4 female Cynomolgus monkeys received doses of 0, 
500, 1 450 or 2 400 mg SAIB/kg bw/day by com oil gavage for 52 weeks. Clinical 
observations, including inappetance, were made twice daily and body weights 
determined weekly. Complete physical examinations and separate ophthalmoscopic 
examinations were conducted on all monkeys pretest and during months 3, 6, 9, and 
12. Blood samples for determination of a standard set of haematological and 
clinical chemistry parameters (including SAP, gamma-glutamyl transpeptidase, 
OCT, BSP clearance and bile acid analysis) were also collected at the same 
intervals. At termination, gross necropsy was performed, selected organs were 
weighed, and 40 tissues and organs including liver, GI tract and gross lesions were 
subjected to histopathological examination. 

During the study a few animals had signs of slight anal staining and 
slightly soft stool. However, there were no signs of inappetance or changes relating 
to administration of the test material, and none of the animals demonstrated body 
weight loss over the course of the study. The physical and ophthalmoscopic 
examinations did not reveal any treatment-related abnormalities. In addition, 
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analysis of the haematological and clinical chemistry parameters obtained during the 
study indicated that no effect of treatment on these parameters was evident. Semi
quantitative measurements only of BSP clearance were given and blood levels of 
BSP were not presented. There were no unusual histopathological observations 
indicating an effect of treatment, including the liver. Since no effects of treatment 
were observed, the NOEL was the highest dose tested, 2400 mg/kg bw/day (Blair, 
1990). 

2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Mice 

A carcinogenicity study was conducted with B6C3F1 mice in which 5 
groups of 50 mice/sex/group received 0.0, 0.0, 1.25, 2.5 or 5.0 g SAIB/kg bw/day 
in the diet for 104 weeks. Physical examination, body weight and food consumption 
data were collected weekly. A standard set of haematology parameters was 
determined for 15 mice/sex from one control group and from the high dose group 
at 26, 52, 78 and 104 weeks of the study. Necropsy was performed on all animals 
dying on test or sacrificed. The weights of liver with gall bladder, lungs and 
kidneys were recorded for all animals sacrificed at 104 weeks. Histopathology was 
carried out on lungs, liver, kidneys and gross lesions from all animals and on 44 
additional organs and tissues, including the GI tract, from animals that died on test 
and the control and high-dose animals from the terminal sacrifice. 

Survival of the mice from all groups in this study ranged from 66 to 80%. 
No treatment-related effects on body weight gain were noted. Food consumption 
was elevated in both male and female mice receiving SAIB in the diet. The 
difference was frequently statistically significant in the high-dose males. There 
were no treatment-related differences in the haematology parameters. A dose
related decrease was apparent in the absolute weights of the kidneys of male mice 
which was statistically significant at the mid and high doses. The relative kidney 
weights were also lower than controls but the magnitude of the decrease was not 
related to dose. No unusual histopathological results for the kidney were observed. 
The authors concluded that this represented a NOEL of2.5 g SAIB/kg bw/day (mid 
dose) for the male mouse. There was an increased incidence of hyperplasia of the 
perivascular and peribronchial lymphoid tissue of the lung in treated female mice 
which lacked dose-relationship; the result was not considered by the authors to be 
toxicologically significant. There were no treatment-related increases in the 
incidence of any tumour type. Based on the reduced kidney weights in the two top 
doses, a NOEL of 1.25 g/kg bw/day was considered appropriate for this study. The 
NOAEL was the highest dose tested, 5.0 g/kg bw/day (MacKenzie 1990c). 

2.2.3.2 Rats 

Groups of 20 (10 male, 10 female) Sprague-Dawley rats were maintained 
on diets containing 0, 0.38 or 9.38% (w/w) SAIB for 104 weeks. During this 
period the rats were bred on 3 successive occasions. Body weight and food intake 
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were measured weekly. All animals dying during the test period and those 
sacrificed at 104 weeks were autopsied. Relative and absolute organ weights were 
determined for heart, kidneys, liver, lungs, ovaries, spleen and testes. Histological 
examinations were made of 18 tissues, including the liver, stomach and ileum, from 
rats of the control and 9.38% SAIB groups. 

Feeding SAIB did not increase the overall number of mortalities (15/20 in 
control, 13/20 in 0.38% and 14/22 in 9.38% groups) even though 4 males in the 
9.38% SAIB group died during the first 10 weeks. Autopsy revealed massive 
haemorrhages at multiple sites in each case. Subsequent measurement of systolic 
blood pressure in surviving males failed to demonstrate any inter-group difference. 
There were some differences in food intake and body weight between the various 
groups at various stages of the study. At the end of the first year there were no 
significant differences in body weights of rats from the various groups. During the 
second year, however, male survivors receiving treatment at either dose weighed 
less than the respective controls. There appeared to be a dose-related increase in 
the absolute and relative kidneys weights of both the male and female rats. Due to 
the disparities in body weight of treated and control males, and the small number 
surviving (2 or 3 animals/group), no meaningful conclusions could be drawn from 
the organ weight data for male groups at the termination of the study. Histological 
studies did not reveal any compound-related lesions (Harper et al., 1966). 

A carcinogenicity study was conducted with F-344 rats in which 5 groups 
of 50 rats/sex/group received 0.0, 0.0, 0.5, 1.0 or 2.0 g SAIB/kg bw/day in the diet 
for 104 weeks. Physical examination, body weight and food consumption data were 
recorded weekly. RBC and total and differential WBC counts were performed on 
all rats prior to study initiation and on all surviving rats at termination. Clinical 
chemistry parameters were not measured. Necropsy was performed on all animals 
dying on test or sacrificed. Organ weights were determined for brain, heart, liver, 
kidneys and gonads for all animals sacrificed at 104 weeks. Histopathology was 
carried out on lungs, liver, kidneys and gross lesions from all animals and on 44 
additional organs and tissues, including the organs of the GI tract, from animals that 
died on test and from the control and high-dose animals at termination. 

The health of the treated and control animals was comparable throughout 
the study and survival rates at 104 weeks were similar. No effect on body weight 
was seen in the treated male groups; in females, a small but significant decrement 
was noted in the body weights of the high-dose group compared with control groups 
for the first 11/2 years. Food consumption was not affected by treatment. 
Treatment with SAIB had no effect on haematology, organ weights or macroscopic 
and microscopic examinations at termination of the study. There were no treatment
related increases in the incidence of any tumour type. The NOEL was 2 g/kg 
bw/day in this study (MacKenzie 1990b). 
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2.2.4 Reproduction studies 

2.2.4.1 Rats 

Groups of 15 female and 5 male Holtzman rats, 60 days of age, were 
maintained on diets containing 0 or 5% SAIB. These diets were fed to parents and 
their offspring throughout the study. After 1 month on the diet, the rats were 
regrouped, 1 male and 3 females/cage. Pregnant females were then housed 
separately. The parameters recorded for assessing reproductive performance were 
length of gestation, number of young and live young, number of young weaned and 
average weight at weaning and post-weaning. Fifty-one days after the last 
parturition, another mating was attempted. Progeny of the first breeding (F1) were 
also bred. At necropsy, liver and kidney weights were measured in both F0 and F1 

parental animals, and 12 tissues, including liver and stomach, were examined 
microscopically. Treatment with 5% SAIB did not affect the biological performance 
of the F0 generation. The reproductive performance of the test parent generation 
resulting from the first breeding was equal to or superior to that of controls, based 
on the parameters measured. At the second breeding, a somewhat lower percentage 
of pups from the treated groups was reared from birth to weaning compared to 
controls, and those surviving 2 weeks post-weaning weighed less than the controls. 
The breeding of the F 1 generation appeared satisfactory. Due to an outbreak of 
respiratory disease, many F1 parents and pups died during the test and none of the 
pups from the SAIB group survived post-weaning. No differences in organ weights 
or histopathology were detected between treated and control groups (Fassett et al., 
1965). 

Groups of20 Sprague-Dawley rats, 10/sex/group, age not indicated, were 
maintained on diets containing 0, 0.38 and 9.38% w/w SAIB for 5 weeks. Pairs 
of rats from each dose group (10 pairs) were selected and caged together for 19 
days, after which the male was removed. Females were allowed to rear young to 
weaning at 21 days. Litters were weighed at days 1, 11 and 21 post-partum. All 
pups were sacrificed at 21 days, sexed and examined for gross abnormalities. The 
parent rats were bred 3 times during weeks 9-36 of the study, each female receiving 
a different male at each mating. Reproductive performance was based on number 
of pups born, conception rate, pups per litter, pups weaned, as well as the weight 
of pups on days 1, 11 and 21. Reproductive performance as judged from the data 
presented was slightly better in the 0.38% group than in the control. At the 9.38% 
level, fewer females became pregnant, fewer pups were born and fewer pups 
survived to weaning on the basis of the three breedings. The observed effects could 
have been due to compromised nutritive value of the feed at this high level of 
inclusion. Performance of the 0.38% group was comparable to controls (Harper et 
al., 1966). 

A three-generation reproduction study was conducted with groups of 30 
male and 30 female weanling rats which received 0, 0.5, 1.0 or 2.0 g SAIB/kg 
bw/day in the diet for 10 weeks (males) or 2 weeks (females) prior to mating. 
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These F0 animals were mated for 21 days on a one-to-one basis to produce the F1 

litters. From these litters, groups of 30 rats/sex were selected randomly to continue 
with the same dosage of SAIB in the diet, and to be mated 10 weeks after weaning 
to produce the F2• and subsequently, the F2b litters. The F2• litters were mated in 
a similar fashion to produce the F3 litters and the F2b litters were used for teratologic 
evaluation (see Section 2.2.5.1). The study was completed with the necropsy of the 
F2• females on Day 14 of the F3 gestation. Rats received the test diet continuously 
throughout the premating, mating, gestation, lactation and weaning stages of the 
study. Body weight and food consumption were measured weekly throughout the 
study with the exception of the mating periods and the 2-week rest period between 
the F2• and F2b litters. The following reproductive parameters were assessed for the 
F1 and F2• litters: mating index, male and female fertility indices, gestation index, 
numbers of live- and stillborn pups, and pup weights, survival and sex ratio on days 
0, 4 and 28 of lactation. Male and female fertility indices and numbers of corpora 
lutea and implantations were recorded for the F3 litters. All F0 and F1 adult male 
and female rats were necropsied with particular attention to reproductive organs and 
macroscopic lesions, the males after completion of parturition and the females after 
completion of weaning. There were no consistent statistically significant differences 
in body weight gains, although body weights of the mid- and high-dose F0 females 
were lower than controls during the first part of the lactation period, and slightly 
lower food consumption was noted for the F2• males and females during the 
premating period. No treatment-related effects were noted on fertility, gestation or 
survival indices for any of the generations (MacKenzie 1990d). The NOEL was the 
highest dose tested, 2.0 g/kg bw/day. 

2.2.5 Special studies on teratogenicity 

2.2.5.1 Rats 

The F2b litters from the reproduction study described above were subjected 
to teratologic evaluation. Groups of 30 male and 30 female F-344 rats from the F1 

generation were subjected to in utero and lifetime exposure to 0, 0.5, 1.0, and 2.0 
g SAIB/kg bw/day in the diet. The animals were bred on a one-to-one basis 2 
weeks after completion of weaning of the F2• litters. Vaginal smears were taken 
daily and the presence of a copulatory plug or sperm in the vaginal smear was taken 
as positive evidence of mating and counted as Day 0 of gestation. The F1 dams 
were sacrificed on Day 20 of gestation and examined for the number and 
distribution of fetuses, the number of fetuses undergoing resorption and the number 
of corpora lutea. Live fetuses were removed from the uterus, weighed, sexed and 
examined for gross abnormalities. Approximately one-half of the pups from each 
litter were examined for soft tissue abnormalities and the remainder were examined 
for skeletal abnormalities. Weekly measurement of body weight and food 
consumption in the maternal animals did not reveal any effect of treatment on these 
parameters. Treatment with SAIB also did not affect mating indices, male fertility 
indices, female fertility indices, the number of corpora lutea or implantations, 
implantation efficiency, uterine weights, the number of live fetuses, early 
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resorptions, late resorptions, sex ratios or fetal weights. External, skeletal and soft
tissue fetal examinations also did not reveal any treatment-related effects 
(MacKenzie 1990d). 

2.2.5.2 Rabbits 

Groups of 16 inseminated New Zealand white rabbits each received 0, 500, 
850 or 1200 mg SAIB/kg bw/day orally by com oil gavage in two doses on day 7 
to 19 of gestation (the day of insemination was counted as day 0). On day 29 of 
gestation, the dams were sacrificed and the pups delivered by Caesarean section. 
The number and location of viable and nonviable fetuses, early and late resorptions 
and the number of total implantations and corpora lutea were recorded. Each fetus 
was weighed and examined for external malformations, then dissected and examined 
for visceral malformations, and the carcass prepared for subsequent skeletal 
examination. Laboured respiration was noted in several of the does from each of 
the treatment groups during the last few days of the treatment period but in none of 
the control animals. The authors attributed this to tracheal irritation from the test 
material. There were no treatment-related effects on body weight gain or food 
consumption measured on gestation days 0, 7, 13, 20 and 29, nor did macroscopic 
examination of the does following sacrifice reveal signs of matemotoxicity resulting 
from administration of the test material. The reproductive parameters and the fetal 
examinations did not reveal any embryotoxic or teratogenic effects attributable to 
treatment (Schardein, 1988). 

2.2.6 Special studies on genotoxicity 

The results of genotoxicity studies with sucrose acetate isobutyrate are 
summarized in Table 2. 

2.2.7 Special studies on liver function 

2.2.7.1 Rats 

Groups of 5 male Wistar rats were maintained on diets containing 4% 
SAIB for 7 days. Bromosulfophthalein clearance was measured at 0 (pretreatment) 
and 24 and 48 hours following withdrawal from the treated feed. SAIB had no 
effect on bromosulfophthalein clearance (Procter and Chappel, 1971). 

Groups of male rats (Sprague-Dawley) (group size not specified) were fed 
diets containing 4% SAIB and com oil, or 5% com oil. Indocyanine green (ICG) 
clearance was determined on at least 2 rats randomly selected from each group on 
days 1, 3, 5, 8, 10, 22, 26 and 36 of the study. The ICG plasma clearance rates 
in rats from the SAIB group was not significantly different from controls (Krasavage 
and Terhaar, 1972; Krasavage et al., 1973). 
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Table 2. Results of genotoxicity studies with sucrose acetate isobutyrate. 

Test System Test Object Concentration of Results Reference 
SAIB 

Ames test' S. typhimurium t0-2 000 Jtg/plate Negative Jagannath & 
TAt535, TAt537, Brusick t978 
TAt538, TA98, 
TAtOO, S. 
cerevisiae D4 

Ames test' S. typhimurium t00-10 000 Negative Bonin & Baker 
TA98, TAtOO l"g/plate t980 

Ames test' S. typhimurium 333-10 000 Negative Lawlor & 
TA98, TAtOO, Jtg/plate Valentine t989 
TAt535, TAt537, 
TAt538 

CHO/HGPRT Chinese hamster t0-1 000 Jtglml Negative Young 1985 
forward mutation ovary cells 
assay' 

Unscheduled DNA Rat hepatocytes 0.25-1 000 l"g/ml Negative Cifone t985 
synthesis assay 

In vitro Chinese hamster 200-2 000 Jtglml Negative Ivett 1985 
chromosomal ovary cells 
aberration assay' 

Dominant lethal Rats 20, 200, 2 000 Negative' Krasavage 1973 
assay mg/kg bw 

1 Both with and without metabolic activation. 
2 Matings were conducted only every 2 weeks instead of every week. 

2.2.7.2 Dogs 

Two male and 2 female beagle dogs were fed a one day's dietary ration 
containing 0.1, 0.3 or 0.5% SAIB. All 4 animals were tested for 
bromosulfophthalein clearance 24 hours after feeding of SAIB and again after 48 
hours. A rest period of 1 week was allowed between each dietary level. No 
bromosulfophthalein retention occurred at the 0.1% dietary SAIB level; 0.3% and 
0. 5 % SAIB resulted in distinct but reversible bromosulfophthalein retention (Procter 
and Chappel, 1971). 

Two series of experiments were carried out with 14 young, adult, male 
beagle dogs. In the first series, groups of 2 (control) or 3 (treated) dogs received 
a single dose of 2 g SAIB/kg bw or orange juice vehicle by gavage and 30-minute 
BSP clearance was measured 2, 4, 6, 10, 12, 18 or 24 hours later. Compared with 
pre-treatment measurements, plasma BSP concentrations were increased at all post
treatment intervals, and were highest between 4 and 6 hours. Approximately 5 
hours post-dosing was considered the maximal BSP retention time in the dog. The 
second series of experiments was conducted to establish the range of doses of SAIB 
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which produced increased BSP retention in the dog five hours after a single 
administration. Fifteen-minute BSP retention values were increased 7-10 fold with 
doses of 25 mg/kg bw to 2 g/kg bw. No dose-response correlation was apparent. 
At 5. 0 mg/kg bw, only 1 of 3 dogs showed increased BSP retention and the authors 
considered this to be close to a no-effect dose. Throughout the study, none of the 
dogs showed a marked change in body weight. There were no significant changes 
in SAP values measured in blood samples at the same intervals as measurement of 
BSP clearance. Changing the vehicle to corn oil in the last two studies of the 
second series of experiments eliminated the observations of vomiting and orange
coloured, loose stools which were common in the foregoing experiments (Dickie et 
al. 1980a). 

Young, adult, male beagle dogs were tested for 15-minute BSP clearance 
and SAP levels 5 hours after a single oral administration of either sucrose 
hexaacetate diisobutyrate (SHADIB) or sucrose octaisobutyrate (SOIB) (constituent 
esters of SAIB) in a series of experiments. The range of doses used was 100-1 000 
mg/kg bw of SHADIB and 5-1 000 mg/kg bw SOIB. In the first 3 experiments, 4 
treatment groups of 3 dogs and a vehcile control group of 2 dogs were used; in the 
fourth experiment, 2 dose groups of 3 dogs and a vehicle control group of 1 dog 
were used. Compared with pretreatment measurements, a single dose of SHADIB 
caused a significant increase (5-7 fold) in BSP retention at all doses tested. SOIB 
administration also resulted in an increase of BSP retention of about 4-5 fold 
compared with pretreatment values at doses of 25 mg/kg bw and higher. As in the 
previous experiment, no dose-response correlation was observed and mean BSP 
retention at 5.0 mg/kg bw SOIB showed only a slight increase over control and 
pretreatment values. Neither ester appeared to cause any gross clinical effects and 
neither affected SAP activity. None of the dogs showed a marked change in body 
weight over the course of the study. The observation of yellow-orange stools and 
vomiting was eliminated by changing the vehicle from orange juice to corn oil as 
in the previous experiment (Dickie et al. 1980b). 

2.2.7.3 Monkeys 

Two groups of 3 male squirrel monkeys (Saimiri sciureus) weighing 
approximately 1 kg, were fasted overnight and then received either SAIB (1 g in 2 
ml cottonseed oil) or no treatment. Twenty-four hours after treatment the monkeys 
were tested for bromosulfophthalein clearance. Following a 7-day rest period, the 
treatment of the groups was reversed. Clearance appeared normal in 2/3 of the 
animals in each group (Procter and Chappel 1970b). 

The same experiment was repeated using doses of 2 g SAIB in 4 ml 
cottonseed oil to deliver a dose of approximately 2 g/kg bw. Unusually high plasma 
BSP levels were measured in 3 of the control animals, but these were considered 
by the authors to be technical errors since BSP clearance following treatment with 
SAIB was normal in all of the animals (Procter and Chappel, 1971). 
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Thirty-minute BSP retention and SAP were measured in 10 male 
Cynomolgus monkeys 5 hours after a single oral dose of 5 g SAIB/kg bw, 5 g 
SOIB/kg bw or com oil and compared with pretreatment values for these 
parameters. Treatment had no effect on BSP retention time or SAP. There were 
no unusual clinical observations or changes in body weight during the study. It 
should be noted that the authors did not run a time series as in the corresponding 
dog experiment to determine the optimum interval for measurement of hepatic 
function following adminstration of the test material (Dickie et at. 1980c). 

2.3 Observations in humans 

Twenty subjects (10 males and 10 females) between 18 and 22 years of age 
ingested a daily dose of SAIB at a level equivalent to 10 mg/kg bw/dy for a period 
of 14 days. The dose was taken as a bolus each morning. The following blood 
parameters were measured prior to treatment and at days 7 and 18 of the study: 
ASAT, ALAT, SAP, serum bilirubin, total protein, albumin, uric acid, BUN, 
erythrocyte sedimentation rate, sodium, potassium, phosphorous, total C02 , 

cholesterol and glucose. There were no significant differences in any parameters 
in any individual (Hensley 1975). 

In another 14-day study, 12 male and 12 female subjects were divided 
evenly by sex into 3 groups, receiving a carbonated drink only (controls), or a 
single daily dose of 7.0 or 20.0 mg SAIB/kg bw/day in a carbonated drink. In 
addition, four men received 20 mg SAIB/kg bw/day for 1 or 3 days only in a pilot 
experiment to provide early evaluation of possible alterations in normal hepatic 
function. The subjects were 21 to 42 years of age. Blood was collected prior to 
testing and on days 7 and 14 for haematological (platelets, total and differential 
WBC count, ESR, Hct and Hb) and clinical chemistry (total protein, albumin, A/G 
ratio, calcium, cholesterol, glucose, BUN, uric acid total bilirubin, SAP, ASAT, 
ALAT, and LDH) parameters. Standard urinalysis parameters were also recorded 
at these times. A 45-minute BSP retention test (5 mg/kg bw BSP) was also 
conducted on all subjects prior to treatment and after completion of treatment. 
Treatment with SAIB did not affect any of these parameters for any individual (Orr 
et at. 1976). 

Twenty-seven adult subjects, 13 men and 14 women, between the ages of 
18 to 55, received SAIB in an aqueous/orange juice emulsion daily for 14 days at 
a dose of 20 mg/kg bw. In the 7 days prior to treatment, each subject acted as 
his/her own control by ingesting an orange juice beverage and placebo emulsion. 
Blood samples were collected from each subject on days -6, 0, 7 and 14 of 
treatment for measurement of routine haematological and clinical chemistry 
parameters, including specific indicators of hepatobiliary function (SAP, ASAT, 
ALT, LDH, gamma-glutamyl transferase, total bilirubin, direct bilirubin, bile acids 
and serum proteins). No treatment-related changes were detected in any of these 
parameters over the 14-day dosing period (Chiang 1988). 
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3. COMMENTS 

Studies on the disposition of sucrose acetate isobutyrate in rats, dogs, and 
humans indicated that absorption from the gastrointestinal tract is delayed for 
several hours but that elimination is nearly complete by 4 to 5 days after ingestion. 
Extensive metabolism of sucrose acetate isobutyrate occurred in the gastrointestinal 
tract, mainly in the small intestine, characterized by its de-esterification by non
specific esterases to partially acylated esters and sucrose. Ingested sucrose acetate 
isobutyrate was partially absorbed from the gut and partially eliminated in the 
faeces. In all three species, the absorbed dose was largely catabolized to C02 , and 
smaller amounts were excreted in the urine and bile. 

The extent of absorption from the gastrointestinal tract was greater in 
humans and rats than in dogs in the dosage range of 1-10 mg/kg bw. However, at 
doses approaching 100 mg/kg bw/day in the rat, absorption of sucrose acetate 
isobutyrate was less extensive, resembling more the situation in the dog. 

In studies with sucrose octaisobutyrate, the most lipophilic component of 
sucrose acetate isobutyrate, a dose of 200 mg/kg bw administered to rats, dogs, and 
monkeys was almost completely excreted in the faeces, although analysis of faecal 
metabolites indicated that the extent of hydrolysis in the gastrointestinal tract 
differed in the three species (rat > dog > monkey). In addition, the small amount 
of absorbed sucrose octaisobutyrate was preferentially excreted in the bile of dogs 
and in the expired air of rats. Chromatographic analysis of the urinary and biliary 
metabolites of sucrose acetate isobutyrate showed that dogs excreted more highly 
acylated sucrose molecules, whereas humans and rats excreted more polar sucrose 
esters. Consequently, the dog differs from the rat and human in its disposition of 
sucrose acetate isobutyrate in that it absorbs less of the total dose of sucrose acetate 
isobutyrate in the 1 - 10 mg/kg bw range, but it is capable of absorbing more highly 
acylated sucrose esters and compared with the rat, excretes a larger proportion of 
the absorbed dose in the bile. Data on the excretion of sucrose acetate isobutyrate 
in the bile of humans were not available for comparison. 

The results of short-term (up to 1 year) toxicity studies in mice, rats, and 
monkeys were also available. The conclusions of an earlier 2-year study in rats 
were not considered to be reliable because of the small numbers of survivors at the 
end of the study. SAIB administered at dose levels of up to 10% in the diet for 12 
weeks or 2 g/kg bw/day for 52 weeks had no toxicologically significant effect in the 
rat, nor was any effect evident in the liver as assessed by liver function tests, liver 
weights, and histopathology In the Cynomolgus monkey, oral doses of sucrose 
acetate isobutyrate of up to 2.4 g/kg bw/day had no apparent adverse effect. In 
humans, up to 20 mg SAIB/kg bw/day for 14 days was also without effect. In 
addition, special liver function tests conducted in rats, monkeys, and humans 
following oral administration of single or multiple exposures to sucrose acetate 
isobutyrate showed no effect on hepatobiliary excretion. 

The available studies clearly showed the liver to be the target organ in the 
dog. Serum alkaline phosphatase levels were elevated and biliary excretory function 
was impaired. Liver enlargement was noted in the males and histopathological 
changes were apparent in the liver of both sexes. All of these changes were 
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reversible within 3 weeks of removal of sucrose acetate isobutyrate from the diet. 
In addition, histochemical studies revealed increased enzyme activity in the bile 
canaliculi, but not in the hepatocytes. In special studies on liver function biliary 
excretion was reduced within 4-6 hours of oral administration of a single dose of 
sucrose acetate isobutyrate. The NOEL for this effect was 5 mg/kg bw/day. The 
authors of the report concluded that this represented a functional rather than a toxic 
effect of sucrose acetate isobutyrate. Although the effects on the liver of the dog 
were reversible, no study of longer than 12-13 weeks duration was available for 
evaluation. It was not known whether continuous exposure to sucrose acetate 
isobutyrate for a longer period of time would have resulted in the development of 
pathological lesions. 

The carcinogenic potential of sucrose acetate isobutyrate has been 
investigated in mice and rats in long-term toxicity studies at doses of up to 2 and 
5 g/kg bw/day, respectively, with negative results. Sucrose acetate isobutyrate was 
not genotoxic in in vitro point mutation, chromosomal aberration, or unscheduled 
DNA synthesis assays. A multigeneration reproduction/ teratologenicity study in 
rats and a teratology study in rabbits were also negative. 

The NOELs from the long-term studies in mice and rats and from a 1-year 
study in monkeys were similar (5, 2, and 2.4 g/kg bw/day, respectively). However, 
the NOEL for the dog was much lower (5 mg/kg bw/day based on inhibition of 
biliary excretory function). 

4. EVALUATION 

The Committee concluded that a 2-year study in dogs was no longer 
necessary since the effects of sucrose acetate isobutyrate and its constituent esters 
on the liver of the dog had been well characterized in liver function tests and 90-day 
toxicity studies, and a study of longer duration was unlikely to yield new 
information which would assist in setting an ADI. 

Three studies in humans, involving a total of 71 volunteers, were available 
for consideration by the Committee. The results of these studies demonstrated that 
sucrose acetate isobutyrate had no effect on BSP clearance or indicator enzymes of 
cholestasis in humans when administered orally in a single daily dose (20 mg/kg 
bw) that dramatically reduced BSP clearance in the dog (25 mg/kg bw as a single 
dose). Humans, therefore, did not respond to sucrose acetate isobutyrate in the 
same way as dogs. The Committee agreed that the data suggested that the dog was 
an inappropriate species on which to base an ADI, but at the same time noted the 
absence of data on the mechanism by which cholestasis is induced in the dog. 

Taking this into account, the Committee decided to use the NOEL of 2 
g/kg bw/day for rats, the lowest obtained in a long-term toxicity study, to allocate 
a temporary ADI of 0-10 mg/kg bw, using a safety factor of 200. The submission 
of information that would clarify the disparate effects of sucrose acetate isobutyrate 
on hepatobiliary function in the dog compared with other species, in particular 
humans, is required for review by 1996. 
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1. EXPLANATION 

Urea is a white crystalline powder with a cooling saline taste (Merck, 
1968). Urea occurs naturally in mammals and is an excretory end-product of amino 
acid metabolism. Urea is formed in the liver. Urea has not been evaluated 
previously by the Joint FAO/WHO Expert Committee on Food Additives. 

Urea is used in sugar-free chewing gum to adjust the texture. A heavy 
user of chewing gum may consume approximately. Chewing gum may contain up 
to 3% urea, and intake from this source could be up to 300 mg urea/day. The 
Committee considered urea only for evaluation in relation to its use in chewing 
gum. 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

Urea has little or no nutritional value to monogastric mammals (Briggs, 
1967). Ruminants are able to utilize urea as a source for food protein (Blood & 
Henderson, 1963). Urea present in the blood of ruminants appears to be actively 
transported across the rumen wall into the lumen and used as a nitrogen source 
(Schmidt-Nielsen, 1958). 

A study in pregnant rats which were injected subcutaneously with urea 
dissolved in 0.9% NaCl solution showed that urea diffused readily through the 
placenta. The concentrations ofurea in the maternal liver, thigh muscle and in the 
whole fetus were equal two hours after injection (Luck & Engle, 1929). 
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In dogs injected intraperitoneally with 3% urea solution, urea diffused 
throughout the body and was present in tissue fluid at concentrations equal to, or 
greater than, that present in the extracellular fluid (Grollman & Grollman, 1959). 

The distribution of urea was determined in 4 young pigs given 15N-labelled 
urea in the diet. Fifty-two per cent of the administered 15N-labelled urea was 
excreted in the urine after 48 hours and 1.9% during the subsequent 48 hours. 
Faecal 15N excretion over 96 hours accounted for only 1.3% of the amount 
administered. Less than 1% of the 15N was found in the liver, muscle and blood 
cells, study concluded that this indicates incorporation of 15N in body proteins. 
Only 60% of the administered 15N was recovered (Grimson et al., 1971). 

In another study, the distribution of 14C-labelled urea after intraperitoneal 
injection was determined by radioactivity analysis and autoradiography techniques 
in the brain and spinal fluid of fasted cats. In the brain and cerebrospinal fluid the 
highest urea concentration was reached 6 hours following mJection. 
Autoradiography showed dense areas in the cerebral and cerebellar cortex. White 
matter showed the least radioactivity (Schoolar et al., 1960). 

Renal excretion of urea is rapid and chiefly by glomerular filtration 
(Sollmann, 1957). Renal tubular secretion (Sollmann, 1957) and reabsorption also 
occur (Mountcastle, 1974). 

2.1.2 Biotransformation 

Urea is an excretory end-product of amino acid metabolism in mammals. 
The formation of urea takes place in the liver. This is a cyclic process in which the 
initial step is the reaction between carbon dioxide and ammonia to yield carbamyl 
phosphate. Carbamyl phosphate reacts with ornithine to form citrulline which 
combines with aspartate to form argininosuccinate. This product is cleaved to 
fumarate and arginine. The terminal step is the hydrolysis of arginine, yielding urea 
and regenerating ornithine. This cycle of reactions involves several enzymes 
including carbamyl phosphate synthetase, ornithine carbamylase, argininosuccinate 
synthetase and arginine-lyase. The fetal liver was capable of synthesizing urea 28 
days (in pigs), and 19 days (in rats) after gestation (Kennan & Cohen, 1959). 

2 .1. 3 Effects on enzymes and other biochemical parameters 

No information available. 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The results of acute toxicity studies with urea are summarized in Table 1. 
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Table 1. Results of acute toxicity studies with urea. 

Species Sex Rte Dosage, LD/MLD Reference 
mg/kg bw 

Dog sc 3 000-9 000 LD Abderhalden, 1935 

Dog iv 3 000 LD Abderhalden, 1935 

Rabbit sc 1 000-2 000 LD Abderhalden, 1935 

Hamster iv 4 000-8 000 LD Abderhalden, 1935 

Sheep(1) ? po 160 LD Satapathy & Panda, 1963 

Cattle M po 511 MLD Dinning et at., 1948 

Cattle(1) F po 600 MLD Stiles et at., 1970 

Cattle(2) M po 1080 MLD Stiles et at., 1970 

Ponies po 3461 LD Hintz et at., 1970 

(1): Not adapted to urea 
(2): Adapted to urea 

The clinical symptoms observed in cattle included ataxia, weakness, 
abdominal pain, dyspnoea, excessive salivation, frothing, violent struggling and 
bellowing. Acute urea toxicity in cattle may be due to ammonia formed by the 
rapid breakdown of urea by rumen microorganisms (Blood & Henderson, 1963). 

The clinical signs of acute urea toxicity in ponies were typical of severe 
central nervous system derangement: incoordination, dilated pupils, sluggish 
pupillary response to light, depressed palpebral and corneal reflexes, slow 
respiratory rate, rapid and weak peripheral pulse, cold and clammy skin, and 
pressing of the head against fixed objects until falling at death (Hintz et al., 1970). 

2.2.2 Short-term toxicity studies 

2.2.2.1 Dogs 

Twelve unilaterally nephrectomized dogs were injected subcutaneously with 
10% urea solution (3 000-4 000 mg/kg bw) every 8 hours over a period of 45 days. 
Serum urea levels ranged from 600-700 mg/100 ml 1h hour after injection. Except 
for a mild drowsiness and increased diuresis urea did not induce any severe toxic 
symptoms (Balestri et al., 1971). 

2.2.2.2 Ruminants 

A gradual increase in the amount of urea in rations up to 1762 mg/kg 
bw/dy to steers over a period of 70 days did not cause distress (Dinning et al., 
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1948). However, without adaptation to urea, doses of 166 mg/kg bw/dy and 232 
mg/kg bw/dy urea caused sudden death in sheep and cattle, respectively (Satapathy 
& Panda, 1963). Tolerance to urea was reduced in starving ruminants and in 
ruminants on a low protein diet (Blood & Henderson, 1963). 

2. 2. 3 Long-term toxicity I carcinogenicity studies 

2.2.3.1 Mice 

Three groups of 50 C57Bl/6 mice of each sex were administered either 
0.45% (:::674 mg/kg bw/day) 0.90% (:::1350 mg/kg bw/day), or 4.5% (:::6750 
mg/kg bw/day) urea (no information on purity reported) in the diet for 1 year. The 
control group comprised 100 mice of each sex. The identity of urea was confirmed 
by melting point comparison. Biochemical and haematological parameters were not 
included in the study. No body weight depression was noted at terminal necropsy 
for mice of either sex at any dose levels. Survival of all treated groups were 
unaffected. 

Among treated female mice there was a significant increased occurrence 
of malignant lymphomas in the middle dose-group. The incidence of malignant 
lymphomas was 10/92 in controls and 7/43, 10/38 (p=0.008) and 9/50 in the low-, 
middle-, and high-dose groups, respectively. The increased incidence of malignant 
lymphomas among middle-dose female mice was of questionable biological 
significance since the occurrence was not dose-related. Urea was non-carcinogenic 
in this study (Fleischman et at., 1980). 

2.2.3.2 Rats 

Groups of 50 Fischer 344 rats of each sex were administered either 0, 
0.45% (:::225 mg/kg bw/day), 0.90% (:::450 mg/kg bw/day) or 4.5% (:::2 250 
mg/kg bw/day) urea (no information on purity reported, identity of urea was 
confirmed by melting point comparison) in the diet for 1 year. Biochemical and 
haematological parameters were not included in the study. No body weight 
depression was noted at terminal necropsy for rats of either sex at any dose levels. 
The middle-dose male rats showed decreased survival (89%) relative to controls 
(95% )(statistics not reported). The survival of the other dose groups remained 
unaffected. 

Among treated male rats, there was a significant increased linear trend 
(p = 0. 008), and a higher proportion of interstitial cell adenomas of testis in the high
dose group (p=0.004). The incidence of interstitial cell adenomas was 21150 in the 
controls, and was 27/48, 25/48, and 35/50 in the low- middle- and high-dose 
groups, respectively. The statistically significant increased incidence of interstitial 
cell adenomas in male rats was of questionable biological significance since this 
tumour may occur in 100% of controls. Urea was non-carcinogenic in this study 
(Fleischman et at., 1980). 
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2.2.3.3 Ruminants 

A calf received 4.3% urea (::::: 1290 mg/kg bw) in feed over a period of 
12 months caused. Increased diuresis was observed throughout the experiment. 
Histologically, renal hyaline degeneration, tubular casts and several areas of liver 
necrosis were found (Hart et al., 1939). 

2.2.3 Long-term toxicity/carcinogenicity studies 

No information available. 

2.2.4 Reproduction studies 

No information available. 

2.2.5 Special studies on genotoxicity 

The results of genotoxicity studies with urea are summarized in Table 1. 

2.3 Observations in humans 

2. 3 .1 Blood values, distribution, metabolism, excretion and effects on other 
parameters. 

The absorption of urea was studied in 8 healthy fasting male volunteers 
by means of a colon perfusion technique. Only 5% of the urea perfused through 
the colon was absorbed. The authors concluded that the colon was relatively 
impermeable to urea (Wolpert et al., 1971). 

The mean concentrations of blood urea in healthy human subjects were 
28.9 mg/100 ml (range 16-54 mg/100 ml) in 298 men and 21.7 mg/100 ml (range 
12-47 mg/100 ml) in 278 woman. Urea levels tended to increase with age (Keating 
et al., 1969). 

Correlation between blood urea and the content of urea in parotid fluid has 
been found (Shannon & Prigmore, 1961). 

The normal value of urea in saliva (unstimulated) was reported to be 3.3 
mM/1 (200 mg/1) with a range of2.4-12.5 mM/1. Daily production of saliva varied 
from 500-1 500 ml (Geigy, 1981a). 

Average daily urinary excretion of urea in adults was estimated to be 20.6 
g. The urinary excretion of urea was proportional to protein intake and was 
increased on a high protein diet. Urea excretion was decreased during growth and 
pregnancy or due to action of insulin, growth hormone and testosterone (Geigy, 
1981b). 
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Table 1. Results of genotoxicity tests for urea 

Test System Test Object Concent. Result Reference 
of urea 

In vitro bacterial S. typhimurium Neg. Ishidate, et al., 1981 
mutagenicity assay TA98, TA100 

TA1537 

Mammalian cell Mouse lymphoma 329-628 Pos. (2) Garberg, et al., 
mutation assay (I) TK locus assay ~tMil 1988 

Chromosomal Chinese hamster 16 mg/ml Pos. (2) Ishidate & 
aberration assay (1) fibroblast cell Odashima, 1977 

Chromosomal Chinese hamster 13 mg/ml Pos. (2) Ishidate et al., 1981 
aberration assay (1) fibroblast cell 

Chromosomal Human leucocytes 50 ~tM (4) Pos. (3) Oppenheim & 
aberration assay Fishbein, 1965 

In vivo Bone marrow cell 25 g/kg bw Pos. Chaurasia & Sinha, 
Chromosomal (5) 1987 
aberration assay 

(1) With and without metabolic activation. 
(2) Only positive without metabolic activation; negative with metabolic activation. 
(3) The authors considered the positive result as a non-specific effect of high-molarity urea 

solution on cell division. 
( 4) Concentration, probably per I. 
(5) The applied oral dose appears unrealistically high, it exceeds lethal dose by several times. 

Urea excretion was also diminished in cases of reduced urea formation due 
to liver diseases (Geigy, 1981b) and nephropathies (Mountcastle, 1974). 

The enzyme system necessary for urea synthesis in human fetuses was 
functional when mesonephric glomeruli were present (Kennan et al., 1959). 

Urea has been shown to have a neutralizing effect on acidified plaque 
layers produced in the oral cavity after consumption of fermentable carbohydrates 
(lmfield, 1984 & 1985). 

2.3.2 Toxicity 

Four healthy male human subjects received an oral dose of 15 grams urea 
(::::250 mg/kg bw), blood urea rose from 30 mg/100 ml (mean level prior to 
treatment) to a mean level of 42 mg/100 ml (range: 40-46) within 15 to 60 minutes. 
The increased blood urea levels returned to normal after 3 hours. Fifteen patients 
with renal impairment, after similar oral treatment with 15 g urea, showed a rise 
in blood urea from 50 mg/100 ml (mean level prior to treatment; range: 26-220) to 
a mean level of 75 mg/100 ml (range: 38-299). The increased blood urea levels 
returned to the levels observed prior to treatment after more than 4 hours (Archer 
& Robb, 1925). 
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Six healthy subjects were given oral treatment of 2 000 to 3 000 mg/kg bw 
urea hourly for a period of 24 hours to induce azotaemia. Serum urea-nitrogen 
values ranged from 60-120 mg/100 ml (:::: blood urea of 128-257 mg/100 ml; 
[conversion factor for "blood urea" {serum urea} to "blood urea-nitrogen" = 2.14]) 
(Eknoyan et al., 1969). 

No toxic effects were found in humans if the blood urea-nitrogen was 
below 45 mg/100 ml (:::: blood urea of 96 mg/100 ml). Loss of appetite, nausea 
and vomiting developed at about 70 mg/100 ml ("" blood urea of 150 mg/100 ml) 
(Crawford & Mcintosh 1925). 

Signs of malaise, vomiting, weakness, lethargy, and bleeding were noted 
in patients with renal failure who were loaded with urea in the blood at levels of 
300-600 mg/100 ml for 60 to 90 days. Blood urea concentrations below 300 
mg/100 ml were well tolerated by the patients (Johnson et al., 1972). 

80 patients were hospitalized after ingestion of urea fertilizer mistaken for 
table salt. The symptoms observed were nausea, persistent violent vomiting, 
excitement, and severe general convulsions. Complete recovery of all patients was 
observed within a few days (Steyn, 1961). 

Six healthy human subjects were maintained at serum urea-nitrogen 
concentrations at 60 to 120 mg/100 ml (:::: blood urea of 128-257 mg/100 ml) over 
a period of 24 hours. Prolonged bleeding time and a drastic reduction of the blood 
platelet adhesiveness was observed in 5/6 subjects (Eknoyan et al., 1969). 

Oxygen uptake in human blood platelets in vitro was reduced 7%, 14%, 
and 19% at urea levels of 100, 300, and 500 mg/100 ml, respectively (Schneider 
et al., 1967). 

The relationship between plasma urea concentration and low birth weight 
in infants of non-toxaemic mothers was investigated. 16 infants with low birth 
weight had a statistically significantly higher mean plasma urea concentration of 
23.2 mg/100 ml in comparison with a mean value of 18.6 mg/100 ml in 90 infants 
with normal birth weight (p<0.02) (McKay & Kilpatrick, 1964). 

Ingestion of 60 grams of urea per day ("" 1 000 mg/kg bw/day), in divided 
doses, over a period of 3 1/4 days, resulted in prolonged clearance time of glucose 
in adults (Perkoff et al., 1958). 

The irritant potential of urea dissolved in water was determined on human 
scarified skin. On the third day following daily application, a solution of 7. 5% urea 
showed slight skin irritation, and a solution of 30% urea showed marked skin 
irritation. A solution of 30% urea did not affect normal skin (Frosch & Kligman, 
1977). 
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Intra-amniotic injection of up to 300 ml 30% urea solution has been used 
to induce therapeutic abortion (Anteby et at., 1973). 

2.3.3 Drug interactions 

Treatment of 40 men suffering from sulfonamide-resistant gonorrhoea with 
urea (500 mg/kg bw/dy) for a period of 3 days enhanced the effect of sulfonamide 
in 52% of the patients. A combination of urea and sulfathiazole inhibited the 
growth of gonococci in vitro, although neither alone was effective (Schnitker & 
Lenhoff, 1944). 

The inhibitory effect of sulfadiazine on the growth of E. coli in vitro was 
enhanced in combination with urea (Tsuchiya et at., 1942). 

2.3.4 Use in human medicine 

Urea has been used in human medicine as diuretic at doses of 15 to 60 
grams/day. The mechanism of the diuretic effect originates from increased 
glomerular filtration due to osmotic action of urea (Sollmann, 1957). 

In the oral therapy of sickle-cell anaemia, urea at doses of 667-2 000 
mg/kg bw/day, in divided doses, was given for periods of 3 weeks to 9 months. 
Side effects included increased diuresis, thirst, gastrointestinal discomfort, nausea 
and vomiting (Bensinger et at., 1972). 

3. COMMENTS 

The Committee reviewed biochemical studies, short-term toxicity studies 
in dogs and ruminants, carcinogenicity studies in rats and mice, mutagenicity 
studies, and studies on effects in human volunteers. It noted that most of the 
available data were either inadequate or of little relevance for the evaluation of urea 
as a food additive. As urea is a naturally-occurring constituent of the body, the 
Committee carried out its evaluation in accordance with the principles relating to 
materials of this type outlined in Annex 1, reference 76. 

4. EVALUATION 

Since urea is a natural end-product of amino acid metabolism in humans, 
and that approximately 20 grams/day is excreted in the urine in adults 
(proportionately less in children) the Committee concluded that the use of urea at 
levels of up to 3% in chewing-gum was of no toxicological concern. 
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1. EXPLANATION 

Certain chlorinated propanols occur as contaminants in hydrolyzed 
vegetable proteins. The two substances considered by the Committee at its present 
meeting were 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-propanol, neither of 
which has previously been evaluated by the Committee. Processing of defatted 
vegetable proteins by traditional hydrochloric acid hydrolysis leads to the formation 
of significant amounts of 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-propanol. 
However, manufacturing techniques have been improved, enabling the reduction of 
the level of 3-chloro-1 ,2-propanediol to less than 2 mg/kg and that of 1 ,3-dichloro-
2-propanol to less than 0.02 mg/kg in hydrolyzed vegetable proteins. 

Because this monograph covers the data considered by the Committee on 
both 3-chloro-1 ,2-propanediol and 1 ,3-dichloro-2-propanol, a modified form of the 
general monograph format has been used, presenting separately the biological data 
for each. 

3-CHLOR0-1,2-PROPANEDIOL 

2. BIOLOGICAL DATA 

2.1 Biochemical aspects 

2 .1.1 Absorption, distribution, and excretion 

3-chloro-1,2-propanediol was able to cross the blood-testis barrier, blood
brain barrier and was distributed widely in body fluids (Edwards et al. 1975). 
Accumulation of 3-chloro-1 ,2-propanediol was seen in the cauda epididymis of rats 
and to a lesser extent in mice through autoradiography (Crabo & Appelgren, 1972). 
This finding was disputed by Jones et al., (1978), who did not observe any tissue
specific retention of radioactivity in rats injected intraperitoneally with 100 mg/kg 
bw 36C-labelled 3-chloro-1 ,2-propanediol. Neither 3-chloro-1 ,2-propanediol nor the 
metabolite B-chlorolactate was accumulated in the tissue (Jones et al., 1978). 
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A single intraperitoneal injection of 100 mg/kg bw of 14C-labelled 3-chloro-
1,2-propanediol was given to male Wistar rats. After 24-hours 30% of the dose 
was exhaled as 14C02 and 8.5% was excreted unchanged in the urine (Jones, 1978). 
In another study in rats which were injected intraperitoneally with a single dose of 
100 mg/kg bw 36C-labelled 3-chloro-1 ,2-propanediol, 23% of the radioactivity was 
recovered in the urine as B-chlorolactate (Jones et at., 1978). 

2 .1. 2 Biotransformation 

3-chloro-1 ,2-propanediol is detoxified by conjugation with glutathione 
yielding S-(2,3-dihydroxypropyl)cysteine and the corresponding mercapturic acid, 
N -acetyl-S-(2, 3-dihydroxypropyl)cysteine (Jones, 1975). 3-chloro-1 ,2-propanediol 
undergoes oxidation to B-chlorolactic acid and further to oxalic acid (Jones and 
Murcott, 1976). Formation of an intermediate metabolite, B-chlorolactaldehyde may 
also take place as traces of this substance have been determined in the urine in rats 
(Jones et at., 1978). The intermediate formation of an epoxide has been postulated, 
but not proven (Jones, 1975). 

2.1.3 Effects on enzymes and other biochemical parameters 

The activity of all glycolytic enzymes in the epididymal and testicular 
tissue was reduced in rats given daily subcutaneous injection of 6.5 mg/kg bw/dy 
3-chloro-1,2-propanediol for 9 days (Kaur & Guraya, 1981a). 

Ram sperm incubated with 3-chloro-1 ,2-propanediol has shown that 3-
chloro-1 , 2-propanediol inhibits the glycolysis of spermatozoa in vitro (Brown
Woodman et at., 1975), possibly a result of indirect inhibition of glyceraldehyde-3-
phosphate dehydrogenase (Suter et at., 1975; Mohri et at., 1975). Decrease in the 
spermatozoa glycolytic enzymes was suggested to be a result of altered epididymal 
milieu (Kuar & Guraya, 1981b). 

Rats receiving daily doses of 6.5 mg/kg bw 3-chloro-1,2-propanediol for 
a period of 9 days showed significantly decreased (p < 0.05) levels of RNA and 
protein in the testis and epididymis and the observations were closely related to a 
parallel increase in the concentration of proteinase and ribonuclease. The DNA 
content was unchanged (Kaur & Guraya, 1981c). 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The oral LD50 of 3-chloro-1,2-propanediol was reported to be: 152 mg/kg 
bw in rats (Ericsson & Baker, 1970). 
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2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

Groups of 8 male Fisher 344 rats were treated with a single subcutaneous 
injection of 75 mg/kg bw 3-chloro-1 ,2-propanediol and killed after 24 hours, 3, 8, 
25, and 75 days, respectively. A slight but significant (p<0.05) increase in liver 
weight was observed after 24 hours while this finding was not found at later 
sacrifices. Histologically the hepatocytes showed mild to moderate cytoplasmatic 
swelling in the periportal area (Kluwe et al., 1983). 

Intraperitoneal injection of a single dose of 100 mg/kg bw 3-chloro-1 ,2-
propanediol caused a increased diuresis for up to 15 days in male Sprague-Dawley 
rats. Higher doses (figure not reported) caused anuresis and death, and histological 
examination of the kidney showed acute glomerular nephritis. The type of kidney 
lesions was characteristic of oxalic acid poisoning and crystals characteristic of 
calcium oxalate were seen by microscopical examination of the urine. Oral 
treatment with 10 mg/kg bw/dy 3-chloro-1,2-propanediol for five consecutive days 
did not cause any increased diuresis in rats (Jones et al., 1978). 

Another study showed that intraperitoneal injection of 100 and 120 mg/kg 
bw 3-chloro-1 ,2-propanediol caused severe proteinuria and glucosuria in male 
Wistar rats. Oliguria and anuria were observed and 4/9 animals died. The 5 
surviving animals showed decreased appetite and body weight, proteinuria, dose
related diuresis and increased water intake (Morris and Williams, 1980). 

Testing of (R)- and (S)-isomers of 3-chloro-1,2-propanediol, synthesized 
under laboratory condition, has shown that only the (R)-isomer induced a period of 
diuresis and glucosuria in rats (Porter and Jones, 1982). 

Oxalic acid, a metabolite of 3-chloro-1 ,2-propanediol, appeared to play a 
important role in the development of kidney damage (Jones et al., 1979). 
Birefringent crystals characteristic of calcium oxalate present in tubules at the 
cortico-medullary junction were early (1 day) morphological changes seen in rats 
treated with a single subcutaneous injection of 75 mg/kg bw 3-chloro-1 ,2-
propanediol. On day 75 focal tubular necrosis, regeneration, and tubular dilatation 
were observed in the kidney (Kluwe et al., 1983). 

Groups of 20 Sprague-Dawley rats of each sex were given 0, 30, or 60 
mg/kg bw/dy 3-chloro-1,2-propanediol by gavage 4 x 5 days over a period of 4 
weeks. 10 animals/group and sex were sacrificed on day 2 and examined for 
clinical chemical parameters in the blood. On day 2, rats of the high-dose group 
showed elevated activity of serum glutamate-pyruvate-transaminase (males, p < 0.05; 
females, p < 0.001), and elevated levels of creatinine (females, p < 0.001), urea and 
glucose (females, p<0.05). On day 25, treated rats exhibited elevated activity of 
glutamate-pyruvate-transaminase (males high-dose, p < 0. 001; females low and high-
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dose, p<0.001), and elevated serum urea in high-dose males (p<0.001) and 
females (p < 0.05). Statistically significant (p < 0.05 or lower) decreased values of 
haemoglobin and haematocrit of treated male and female rats were observed. 
Female rats in the high-dose group had decreased erythrocyte count (p<0.001). 
Treated rats showed lowered body weight gain, which at termination of the study 
was statistically significant (statistics not reported). After 2 days of treatment the 
relative organ weights of the kidney were elevated (p < 0.001), (males high-dose; 
females low and high-dose). On day 25 treated rats had significantly elevated 
relative weights of the kidney, liver, and testis (males high-dose) (p<0.01 or 
0.001). Histopathological examination revealed chronic progressive nephropathy 
of 8 females in the high-dose group, mild tubular dilatation in the testis of 3 males 
in the low-dose group and 7 in the high-dose group. One male in the high-dose 
group had severe atrophy of both testes (Marchesini and Stalder, 1983). 

Groups of 20 Fisher 344 rats of each sex were administered 3-chloro-1 ,2-
propanediol in their drinking water at concentrations of 0, 100, 300, or 500 mg/1 
over a period of 90 days. The exposure corresponded to average daily intake levels 
of 9, 27 and 43 mg/kg bw 3-chloro-1,2-propanediol in males and 11, 31, and 46 
mg/kg bw 3-chloro-1,2-propanediol in female rats. Ten animals of each sex/group 
were sacrificed (interim sacrifice) after 30 days of treatment. Clinical chemical and 
haematological parameters were determined. Histopathological examinations were 
carried out on the high-dose and control groups. 

A slight anaemia (p < 0. 05 or 0. 001) was evident in the middle- and high
dose females after 30 days and in rats of both sexes after 90 days of treatment 
(p<0.05 or 0.01). However, no morphological evidence of impaired 
haematopoiesis nor increased degradation of erythrocytes were observed. A dose
dependent decrease (p < 0.01) in plasma creatinine of both sexes (middle and high
dose groups) was seen after 30 days of treatment and at terminal sacrifice in all 
treated groups (p < 0. 05 or 0. 01). Serum phosphate levels in high-dose male rats 
were increased at interim (p < 0.01) and terminal sacrifice (p < 0.05). A statistically 
significant (p < 0.01) dose-dependent increase in relative organ weights was found 
for the kidney and liver, and the increase of the relative kidney weight was 
significant at the lowest dose level. Histopathological examination of the high-dose 
and control groups revealed a lower incidence of crystalline precipitations in the 
kidneys of treated animals compared to the controls. In the livers of dosed rats, 
single hepatocytes with 2-3 nuclei were noted in about half of the males after 90 
days of treatment. In the epididymis an increased number of exfoliated 
spermatozoids of treated male rats was observed (Marchesini et al., 1989). 

2.2.2.2 Monkeys 

Three out of 6 monkeys given 30 mg/kg bw 3-chloro-1 ,2-propanediol 
perorally/day for 6 weeks showed haematological abnormalities: anaemia, 
leukopenia and severe thrombocytopenia (Kirton et al., 1970). 
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2. 2. 3 Long-term toxicity I carcinogenicity studies 

2.2.3.1 Mice 

A group of 50 female mice (CHR/Ha Swiss) was injected subcutaneously 
with 1 mg 3-chloro-1,2-propanediol/mouse/week over a period of 580 days. A 
second group of 50 mice was treated 3x/wk with 2 mg 3-chloro-1 ,2-propanediol 
(dissolved in acetone)/mouse by topical application. No changes were observed in 
the group treated by dermal application. After subcutaneous application, local 
sarcomas were found at the site of application in one dosed and one control mouse 
(Van Duuren et al., 1974). 

2.2.3.2 Rats 

Three groups of 26 male and female Charles River CD rats received 0, 30, 
or 60 mg 3-chloro-1,2-propanediol by gavage twice weekly. After 10 weeks the 
doses were increased to 35 and 70 mg/kg bw. The animals were treated for 72 
weeks and the study was terminated after 2 years. Three parathyroid adenomas 
were found in male rats at the high-dose level. However, this finding was not 
statistically significant when compared with the control group. The authors did not 
find the result conclusive indication that 3-chloro-1 ,2-propanediol is a parathyroid 
carcinogen. While the females showed no signs of toxicity, dosed male rats showed 
a higher mortality. All male rats at both dose levels showed severe testicular 
degeneration and atrophy (Weisburger et al., 1981). 

Four groups of Fisher F344 rats (50 animals/sex/group, SPF quality, 5-6 
weeks old at start of the study, 11 days acclimatization period prior to study 
initiation) received either 0, 20, 100, or 500 ppm 3-chloro-1 ,2-propanediol 
(equivalent to a mean daily intake ofO, 1.1, 5.2, 28 mg/kg bw/day for males and 
0, 1.4, 7.0, or 35 mg/kg bw/day for females) in their drinking water (tap water) for 
a period of 104 weeks. Feed and tap water were provided ad libitum. Feed was 
certified laboratory chow, feed contaminants were within acceptable range according 
to EPA, USA. Test substance was 3-chloro-1,2-propanediol, 98% pure, one batch 
used for the entire study. Stability: more than 4 days in water, test solution was 
prepared twice a week and tested once per group per week. Tap water 
contaminants: a mean concentration of 2.7 ppm 3-chloro-1,2-propanediol was 
determined (tested once/week). The report does not comment on presence of 3-
chloro-1 ,2-propanediol in provided water. 

Experimental animals were examined daily for signs of ill health or 
behavioural changes. Food consumption and body weight were recorded weekly 
from start to week 19 (feed consumption) and week 20 (body weight) of the study 
and thereafter monthly. From week 88 to the end of the study, the body weight was 
recorded weekly. Water consumption was recorded weekly from start to week 20 
of the study, and thereafter fortnightly. Ophthalmological examination was 
performed regularly. Haematological examination and blood chemistry were 
performed on blood samples taken at day 722 to 737 from all surviving animals. 
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All animals found dead or animals killed "in extremis", as well as those killed at 
the end of the experiment, were subjected to complete necropsies and 
histopathological examination. The liver, spleen, pancreas, heart, adrenals, testis, 
epididymides and brain were weighed. 

The body weights were significantly (P < 0.05) reduced in high-dose male 
and female rats following the first week of treatment. At termination the body 
weights were significantly reduced (P < 0.05 or lower) in intermediate-, and high
dose animals showing a reduction in body weights of 33% (males) and 35% 
(females) in high-dose rats. However, the mortality was unaffected by treatment, 
and at terminal sacrifice more than 42% of the group survived. The food and water 
intake were significantly (P<0.05) reduced in high-dose male and female rats. No 
treatment-related clinical signs were noted. The results of the haematological and 
blood clinical chemical parameters varied considerably within the groups, however 
no consistent significant dose-related effects were observed. The reduced body 
weight in intermediate-, and high-dose rats made it difficult to interpret a possible 
effect of treatment on organ weights. However, the body weights were unaffected 
in low-dose rats, of which the males showed significant (P < 0.05) increased kidney 
weight (absolute only). 

Dose-related increased (or decreased) incidence of hyperplasia/tumours 
were observed in the control, low- intermediate- and high-dose groups in the 
following organs: Kidney: tubular adenoma, males 0/50, 1150, 1150, 5150, females 
0150, 1150, 0150, 9150 (P < 0.05). Tubular hyperplasia, males 3/50, 6/50, 15/50, 
34/50 (P<0.05 in intermediate-, and high-dose when tubular adenoma and tubular 
hyperplasia were combined), females 2/50, 4/50, 20/50, 31150 (P<0.05). Testes: 
Leydig cell adenoma, 38/50, 43/50, 50/50 (P < 0.001), 47/50 (P < 0.05). Leydig 
cell adenocarcinoma, 0/50, 0150, 0/50, 3/50 (P<0.05). Nodular Leydig cell 
hyperplasia was present in a high proportion of controls and the incidence decreased 
significantly in a dose-dependent pattern. The incidence was 39/50, 27/50, 4/50, 
0/50. When nodular Leydig cell hyperplasias, adenomas and carcinomas were 
combined for statistical analysis, there were no significant difference between 
groups. Mammary gland (males): fibroadenoma 0/50, 0/50, 2/50, 10/50 (P < 0.01). 
Adenoma 0/50, 0150, 1150, 1150. Adenocarcinoma 0/50, 0/50, 1150, 1150. 
Preputial gland: adenoma 1150,2/50,6/50 (P<0.05), 5/50. Carcinoma 0/50,0150, 
1150, 2/50 (P < 0. 05). When adenomas and carcinomas were combined for 
statistical analysis, the resulting increased incidence was significant for both 
intermediate-, and high-dose groups. Pancreas: There was a treatment-related 
decrease in the incidence of islet-cell hyperplasias, adenomas, and carcinomas in 
male rats. The incidences were for islet-cell hyperplasia 14/50, 8/50, 5/50, 1150. 
Islet-cell adenoma 16/50, 9/50, 7/50, 0/50. Islet-cell carcinoma 8/50, 0/50, 2/50, 
0150. When hyperplasias and neoplastic lesions were combined for statistical 
analysis, the decrease in incidence was significant at all dose levels (P < 0. 05 or 
lower). Chronic progressive nephropathy occurred in both sexes in all groups and 
the incidence increased with dose being significant at the intermediate-, and high
dose level (P < 0. 05 or lower). Female rats were more severely affected than males. 
The figures were 36/50, 40/50, 45/50, 49/50 (males) and 24/50, 23/50, 42/50, 
48/50 (females). Correlations (P < 0.001) between the severity of the nephropathy 



CHLOROPROPANOLS 273 

and the kidney tubular hyperplasia and kidney adenoma were found to be significant 
(P<0.01). 

A dose-dependent increase in epithelial single cell degeneration was 
observed in the epididymis. The incidence was significant at intermediate-, and 
high-dose level (P < 0. 001). 

The report concludes that treatment with 3-chloro-1 ,2-propanediol caused 
increases in renal and testicular Leydig cell tumours. Renal tumours developed in 
a dose-dependent fashion in both sexes and were considered secondary to the 3-
chloro-1,2-propanediol treatment-related increase in chronic progressive 
nephropathy. The treatment-related increase and acceleration of Leydig cell 
tumours may be considered as hormone-mediated promotion. 3-chloro-1 ,2-
propanediol treatment caused a dose-related increase in mammary and preputial 
gland tumours in the males. This effect may be considered as secondary to 
hormonal activity of large Leydig cell tumours (Sunahare et at, 1993). 

2.2.4 Reproduction studies 

3-Chloro-1 ,2-propanediol has been reported to exert an inhibitory activity 
on male fertility (Gunn et at., 1969; Helal, 1982) and the effect is reversible 
(Ericsson & Youngdale, 1970; Jones, 1983). The mechanism of the antifertility 
activity of 3-chloro-1 ,2-propanediol is not known in detail. However, it has been 
shown that the metabolites of 3-chloro-1,2-propanediol have an inhibitory activity 
on enzymes in spermatozoa glycolysis, resulting in a reduced motility of the 
spermatozoa (Jones, 1983). Inhibition of spermatozoa motility was suggested partly 
to be due to alkylation of spermatozoa cysteine by 3-chloro-1 ,2-propanediol (Kalla 
& Bansal, 1977). 3-Chloro-1,2-propanediol also affects several enzymes of 
epithelial cells in the testis and caput epididymis, resulting in decreased glycolysis 
(Gill & Guraya, 1980). It is suggested that only the 3-chloro-1,2-propanediol (S)
isomer, synthesized under laboratory condition, possesses a specific inhibitory action 
on glycolysis in boar sperm (Stevenson and Jones, 1984). 

3-Chloro-1 ,2-propanediol has two specific effects on the reproductive tract 
of the male rat. These effects were dose-dependent and have been classified as the 
high-dose effect and the low-dose effect. The high-dose effect followed a single 
intraperitoneal injection of 75 mg/kg bw 3-chloro-1,2-propanediol. Bilateral 
retention cysts or spermatocele of the caput epididymis developed 5 to 7 days after 
treatment (Cooper & Jackson, 1973). Studies using electron microscopy have 
shown, that 3-chloro-1,2-propanediol, given by gavage at a level of 140 mg/kg bw, 
specifically affected the epithelia localized in the initial segment of epididymis in 
male rats 2 hours later. The cellular lesions were characterised by sloughing of the 
epithelium, which led to obstruction of the epididymal tract (Hoffer et at., 1973). 
The back-pressure of the testicular fluid caused oedema, inhibition of 
spermatogenesis and atrophy of the testis (Jones, 1983). Histological examination 
of testes from rats treated with daily injection of 40 mg/kg bw 3-chloro-1 ,2-
propanediol for 20 days revealed total inhibition of the spermiogenesis by presence 
of degeneration and disappearance of the spermiogonia from the tubules. 
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Proliferation of the epithelial cells of the ducts in the cauda epididymis was 
observed and several blood vessels showed thickened walls (Samojlik and Chang 
1970). 

The low-dose effect was directed towards mature sperm contained in the 
cauda epididymis. The effect, which was evident after a few days following oral 
treatment of rats with levels of 5-10 mg/kg bw 3-chloro-1,2-propanediol/dy, 
rendered the spermatozoa incapable of fertilization without causing any visible 
changes in their morphology (Jones 1983). Male rats treated with daily 
subcutaneous injections of 15 or 40 mg/kg bw 3-chloro-1 ,2-propanediol showed 
infertility 6 and 3 days after commencement of treatment, respectively. If the 
treatment with 15 mg/kg bw 3-chloro-1,2-propanediol was continued for 30 days 
recovery of fertility was observed 18 days after cessation of the treatment (Samojlik 
and Chang, 1970). The lowest doses shown to cause infertility of male rats, 
determined by mating studies, were observed at the following daily orally treatment 
of male rats with 3-chloro-1,2-propanediol: 6.5 mg/kg bw for 10 days (Gunn et al., 
1969); 5 mg/kg bw for 14 days (Coppola, 1969); 2.5 mg/kg bw at "continuous" 
treatment (Erickson & Bennett, 1971); (subcutaneous injection): 8 mg/kg bw for 3 
days (Black et al., 1975); 8 mg/kg bw for 4 days (Turner, 1971). 

Groups of 5 albino male rats treated perorally for 10 to 12 days with either 
0.5, 1.0, 2.0, 4.0, or 6.0 mg/kg bw 3-chloro-1,2-propanediol showed 2.5%, 20%, 
45%, 85% and 100% sterility (sterility was based upon histological degree of 
spermiogenesis), respectively (Helal, 1982). 

The following abstract has been compiled from a summary report: groups 
of 5 Wistar male rats were dosed with 0 (distilled water), 0.1, 0.5, 1, 2, 3, 4, 5, 
or 10 mg/kg bw/dy 3-chloro-1,2-propanediol by gavage for 7 days prior to, and 
during mating. Each male rat was mated with a total of 5 virgin females which 
were sacrificed on day 14 of gestation and examined for pregnancy status. 3-
Chloro-1,2-propanediol induced no adverse effect on male fertility at a dose level 
of 3 mg/kg bw/dy and lower as shown by the pregnancy rate, total implantations 
and number of live embryos. However, the pre-implantation loss was significantly 
greater (p=0.05) for female rats mated with males given 3 mg/kg bw/dy 3-chloro-
1 ,2-propanediol when compared to controls. The NOEL was 2 mg/kg bw/dy 
(Parish, 1989). 

Antifertility activity of 3-chloro-1,2-propanediol in other species than rat 
has been reported in males of hamster, gerbil, guinea pig, dog, ram and rhesus 
monkey in vivo (Jones, 1983). 3-chloro-1,2-propanediol was reported to have no 
antifertility activity in the mouse, quail or rabbit (Jones, 1978). 

Groups of 10 female rats were injected subcutaneously with 0 or 10 mg 3-
chloro-1,2-propanediol ("" 25 mg/kg bw) every second day for a period of 30 days. 
Significant (p < 0.01) decrease was noted in the relative organ weights of the ovary, 
uterus and vagina of treated females compared to the controls. Histological 
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examination revealed the following changes of the treated female rats: the ovary 
appeared small in size and showed wide spread follicular atresia and degeneration 
of corpora lutea; in the uterus the gland was regressed and the lumen was lined with 
columnar epithelium; atrophic changes were observed in the vaginal epithelium. 
The protein and RNA content in the uterus and vagina were significantly (p < 0. 01) 
reduced in the treated females compared to controls. The authors suggested a 
luteolytic and possibly antioestrogenic effect of 3-chloro-1 ,2-propanediol in female 
rats (Lohika and Arya, 1979). 

2.2.8 Special studies on genotoxicity 

The results of genotoxicity studies with 3-chloro-1 ,2-propanediol are 
summarized in Table 1. 

Table 1. Results of genotoxicity tests on 3-chloro-1 ,2-propanediol 

Test system 

In vitro bacterial 
mutagenicity assay 
(1) 

Forward-mutation 
assay on yeast(!) 

Mammalian cell 
mutation assay (1) 

Mammalian cell 
mutation assay (1) 

Mammalian cell 
mutation assay 

Sister chromatid 
exchange assay(!) 

Mammalian cell 
HPRT-test (1) 

In vivo dominant 
lethal assay 

Micronucleus test 

Test object 

S. typhimurium 
TA1535, TA1537, 
TA1538, TA98 

S. typhimurium 
TAlOO 

E. coli TM930 

Concentration of 3-
chloro-1 ,2-
propanediol 

2-200 !'mol/plate 

10-1 OOOI'mol/plate 

2-200 !'mol/plate 

Schizosaccharomyces 100-300 mM 
plombe 

Mouse lymphoma 2-9 mg/ml 
TK locus assay 

HeLa cell 

Mouse fibroblast 
M2-clone 

Chinese hamster 
V79 cells 

Chinese hamster 
V79 cells 

ICR/Ha Swiss mice 

OF1 mice 

(6) 

0.1-2 mg/ml 

700-2800 l'g/ml 

0.3-70mM 

(3) 

40-120 mg/kg bw 

+I-

+ 
(2) 

+ 

+ 

+ 
(5) 

+ 

Reference 

Silhankova et al., 
1982 

Stolzenberg & Hine, 
1980 

Silhankova et al., 
1982 

Rossi et al., 1983 

Henderson et al., 
1987 

Painter & Howard, 
1982 

Piasecki et al., 1990 

+ May, 1991 

? (4) Giirlitz, 1991 

Epstein et al., 1972 

Jaccaud & 
Aeschbacher, 1989 

(1) With and Without metabolic activatwn. (2) No frame shift mutatwns m strams TA1537, 'l'Ai538 
or TA98. (3) Single intraperitoneal injection of 125 mg/kg bw 3-chloro-1,2-propanediol or peroral 
treatment of 20 mg/kg bw 3-chloro-1,2-propanediol for five days. (4) Weak mutagenic effect only at 
toxic dose level (50mM). (5) Positive only after metabolic activation. (6) Not reported. 



CHLOROPROPANOLS 276 

2.3 Observations in humans 

A synergistic effect of 3-chloro-1 ,2-propanediol and copper ions in 
decreasing the motility of human spermatozoa was observed in vitro (Kalla & Singh, 
1981). When 3-chloro-1 ,2-propanediol was incubated with ejaculated human sperm 
the motility of the spermatozoa was inhibited and their metabolic activity was 
reduced, as measured by glucose, oxygen uptake and lactate production (Homonnai 
et at., 1975). 

1,3-DICHLOR0-2-PROPANOL 

2. Biological data 

2.1 Biochemical aspects 

2.1.1 Absorption, distribution, and excretion 

No information was available. 

2.1.2 Biotransformation 

B-Chlorolactate (approx. 5% of dose), N,N'-bis-acetyl-S,S'-(1,3-bis
cysteinyl)propan-2-ol (approx. 1% of dose), and N-acetyl-S-(2,3-
dihydroxypropyl)cysteine were identified in the urine of rats treated orally with 50 
mg/kg bw/dy 1 ,3-dichloro-2-propanol for 5 days. The authors proposed that epoxy
halopropane (epi-chlorohydrin) is formed as an intermediate, which may either 
undergo conjugation with glutathione to form mercapturic acid or be hydrolyzed to 
3-chloro-1 ,2-propanediol. The latter undergoes oxidation to B-chlorolactate which 
is further oxidized to oxalic acid. Formation of other epoxides was postulated. 
However, the formation of epoxides from alpha-chlorohydrins only takes place at 
high pH-values and is unlikely to occur under physiological conditions (Jones and 
Fakhouri, 1979). 

2.2 Toxicological studies 

2.2.1 Acute toxicity studies 

The oral LD50 of 1 ,3-dichloro-2-propanol was reported to be 122 mg/kg 
bw in rats, while by intraperitoneal application the LD50 was 106 mg/kg bw (Pallade 
et at., 1963). In rabbits the LD50 was 800 mg/kg bw following dermal application 
(Smyth et al., 1962). In mice the LC50 over a period of 1-15 days was 1.7-3.2 mg/1 
air (Pallade et at., 1963). When tested on rabbit eyes 1 ,3-dichloro-2-propanol 
caused irritation and moderately severe damage (Grant, 1974). 
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2.2.2 Short-term toxicity studies 

2.2.2.1 Rats 

The following summary was written from an abstract cited in The 
Toxicologist. A critical evaluation of the findings from this abstract has not been 
possible. 1 ,3-dichloro-2-propanol was evaluated for subchronic toxicity in Sprague
Dawley rats (10/sex/dose group) treated with dose levels of 0, 0.1, 1, 10, or 100 
mg/kg bw/dy 1 ,3-dichloro-2-propanol by gavage in distilled water 5 days/week for 
13 weeks. Decreases in bw gain, feed consumption and haematologic parameters, 
increases in liver and kidney weights, alterations in serum chemistry and urinary 
parameters, gross pathologic changes in the stomach and histopathologic changes in 
the stomach, kidney, liver and nasal tissue were observed at 100 mg/kg/day in 
males and females. The changes in serum chemistry were considered secondary to 
renal and hepatic changes observed in high-dose animals. At 10 mg/kg, increased 
liver weights in males and females and histopathologic changes in the stomach, 
kidneys and liver in males were observed. The treatment related-effects observed 
at 10 mg/kg were less frequent and/or less severe than the effects observed at 100 
mg/kg. No effects were observed at 0.1 or 1 mg/kg in males or females (Jersey et 
al., 1991). 

2.2.3 Long-term toxicity/carcinogenicity studies 

2.2.3.1 Rats 

In a combined long-term toxicity/carcinogenicity study, 4 groups of 80 
male and 80 female rats (Wistar KFM/Han, initial age of 4 weeks; 10 days 
acclimatization prior to test), received 1 ,3-dichloro-2-propanol [purity: 99%; 
stability confirmed by sponsor at six-month intervals] in their drinking water over 
a period of up to 104 weeks. 1,3-dichloro-2-propanol concentrations in the drinking 
water (daily preparation of 1 ,3-dichloro-2-propanol/water mixture, regular 
determination of 1 ,3-dichloro-2-propanol stability, concentration and homogeneity) 
were 0, 27, 80, or 240 mg/1 corresponding to intakes of 0, 2.1, 6.3, and 19.3 
mg/kg bw/day for male rats and 0, 3.4, 9.6, and 30 mg/kg bw/day for female rats. 
The diet [pelleted; regular determination of contaminants showed presence of low, 
biologically insignificant levels of aflatoxin, estrogen, pesticides and heavy metals] 
was provided ad libitum. Interim kill was performed on 10 rats of each sex and 
group after 26, 52, and 78 weeks of treatment. 

Haematologically, female rats in the high-dose group, in particular, showed 
statistically significantly (p < 0. 05) decreased haemoglobin concentration and 
haematocrit (26 and 104 weeks), and red blood cell count (104 weeks). Clinical 
biochemical and urine analysis findings suggested hepatotoxicity primarily in high
dose females. Statistically significant (p < 0. 05) increased activity of aspartate- and 
alanine aminotransferase (78 and 104 weeks), alkaline phosphatase (104 weeks), and 
gamma-glutamyltransferase (104 weeks) were observed in female rats. Statistically 
significant (p < 0. 05) increases in urinary levels of protein and amy lase were noted 
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in high-dose female rats after 52, 78, and 104 weeks of treatment. Increased 
mortality was observed in high-dose males (32/50) and females (27/50) compared 
to that in the controls (males 18/50; females 13/50), (statistics not reported). The 
mortality of the low-dose group was: 11/50 (males), 9/50 (females); of the 
intermediate-dose group was: 16/50 (males), 14/50 (females). 

There were no treatment-related signs of toxicity nor changes in food and 
water consumption. However, statistically significant (p < 0.05 or lower) reductions 
in mean body weights were observed in high-dose males after 74 weeks and in high
dose females after 78 weeks. A dose-related increase in the relative organ weights 
was observed in a number of organs, in particular, the liver and kidney. After 26 
weeks: liver of males and females in all treated groups (p < 0.05); kidney of males 
at intermediate- and high-dose (p < 0.05), and females at high-dose (p < 0.05). After 
52 weeks: livers of males and females in intermediate- and high-dose groups 
(p<0.05); kidney of females at high-dose (p<0.05). After 78 weeks: liver and 
kidney of males and females at high-dose (p<0.01). After 104 weeks: liver, kidney 
and brain of males and females at high-dose (p < 0.01). His top a tho I o g i c a I 
examination revealed occurrence of several tumours in various organs. Among 
these tumours dose-related neoplastic lesions in middle- and high-dose male and 
female rats were seen. Statistically significant positive trends were found for 
hepatocellular adenoma (females, p<0.001); hepatocellular carcinoma (males and 
females, p<0.001); hepatic hemangiosarcoma (males, p<0.01 and females, 
p < 0.05); renal tubular adenoma (males, p < 0.001); renal tubular carcinoma (males, 
p < 0.05); lingual papilloma (males and females, p < 0.001); lingual papillary 
carcinoma (males, p<0.001 and females, p<0.01); thyroid follicular adenoma 
(females, p < 0.05); thyroid follicular carcinoma (males, p < 0.01). These neoplastic 
lesions occurred in treated animals after 26 weeks (hepatocellular adenoma), 52 
weeks (hepatocellular adenoma and carcinoma, lingual papilloma and carcinoma), 
and 78 weeks (hepatocellular carcinoma, renal tubular adenoma, lingual papilloma 
and carcinoma, thyroid follicular adenoma). In addition to the above-mentioned 
tumours, one stomach papilloma was found in one high-dose female rat after 78 
weeks and at terminal sacrifice one stomach carcinoma (low-dose, female), 
carcinomas in the oral cavity [intermediate-dose (one, female) and high-dose (two, 
males)]. 

The incidence of the above-mentioned neoplastic lesions in control rats 
was: two hepatocellular adenomas (male and female) and one thyroid follicular 
adenoma (female). Among non-neoplastic lesions the liver showed dose-dependent 
increase in incidence of fatty change, eosinophilic foci, glycogen free foci, Kupffer 
cell haemosiderin storage, and peliosis. Follicular hyperplasia was evident in 
thyroid glands of high-dose males. These results strongly suggest an oncogenic 
effect of 1 ,3-dichloro-2-propanol on liver, kidney, oral epithelia/tongue and thyroid 
gland in rats at the intermediate- and high-dose level. The significance of the 
sinusoidal peliosis observed in all treated groups was not clear. However, peliosis 
has been suggested to represent a pre-neoplastic stage of vascular hepatic neoplasia 
(Wayss et al., 1979). 
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The increased incidence of hepatic fatty change and haemosiderin-storing 
Kupffer cells in the liver in animals in the intermediate- and high-dose groups were 
suggested to reflect a metabolic disturbance of the liver caused by 1,3-dichloro-2-
propanol (RCC, 1986). 

2.2.4 Reproduction studies 

2.2.4.1 Rats 

The following summary has been obtained from an abstract cited in 
Hazardous Substances Data Base. A critical evaluation of material from this 
abstract has not been possible: Groups of 20, 10 or 10 male Wistar rats were dosed 
with either water (controls), 15, or 60 mg/kg bw/dy 1,3-dichloro-2-propanol by 
gavage for 14 days, respectively. Treated rats showed appearance of spermatocele 
or sperm granuloma formation in the epididymides (Tunstall Laboratories, 1979). 

2.2.8 Special studies on genotoxicity 

Table 2. Results of genotoxicity tests on 1 ,3-dichloro-2-propanol 

Test system Test object Concentration 1,3- +I- Reference 
dichloro-2-propanol 

In vitro Bacterial S. typhimurium 2-200 f'mol/ + Silhankova, et al., 
mutagenicity assay TA1535, TA1537, plate (2) 1982 
(1) TA1538, TA98 

S.typhimurium 0.1-101-'mol/plate + Stolzenberg & Hine, 
TA100 1980 

S. typhimurium 3-3001-'mol/plate + Nakamura et al., 
TAlOO, TA1535 1979 

E.coli, TM930 2-2001-'mol/plate + Silhankova et al., 
(3) 1982 

Mammalian cell Mouse lymphoma 2-9 mg/ml + Henderson et al., 
mutation assay(1) TK locus assay 1987 

Sister chromatid Chinese hamster 0.12-3.3 mM + Von der Hude et 
exchange assay(1) V79 cells (5) al., 1987 

Mammalian cell HeLa cell 2.5xl03 M (4) + Painter & Howard, 
mutation assay(6) 1982 

Mammalian cell Mouse fibroblast 0.1-1 mg/ml + Piasecki et al. , 1990 
mutation assay M2-clone 

(1) with and without metabolic activation 
(2) no frame shift mutations in strains TA1537, TA1538 or TA98 
(3) only positive after metabolic activation 
(4) effective concentration 
(5) almost inactivated with metabolic activation 
(6) only tested with metabolic activation 
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Investigations on the genotoxic mechanisms of 1 ,3-dichloro-2-propanol 
(Hahn et al., 1991), indicate that the genotoxic effect of 1,3-dichloro-2-propanol 
depends on the chemical formation of epichlorohydrin, which has mutagenic activity 
(Rossi et al., 1983). 

2.3 Observations in humans 

Severe irritation of the throat and stomach has been described as a likely 
effect after ingestion of 1,3-dichloro-2-propanol (Gosselin et al., 1976). 

3. COMMENTS 

3-Chloro-1 ,2-propanediol 

3-Chloro-1,2-propanediol has been shown to increase the relative kidney 
weights of rats treated for 4 weeks (30 mg/kg bw/dy by gavage), or 3 months (9 
mg/kg bw/dy in the drinking water) and absolute kidney weights when treated for 
104 weeks (1.1 mg/kg bw/dy in the drinking water). A single subcutaneous 
injection of 75 mg 3-chloro-1,2-propanediol/kg bw to rats caused renal tubular 
necrosis and dilatation. A no-effect level for the effect on the kidney was not 
observed. 

In monkeys 3-chloro-1,2-propanediol induced anaemia, leucopenia, and 
thrombocytopenia following ingestion of 30 mg/kg bw/dy for 6 weeks. 

Data presented to the Committee clearly demonstrated that 3-chloro-1 ,2-
propanediol possesses an inhibitory effect on male fertility in rats and that the effect 
is reversible. This effect is caused by an inhibition of glycolytic enzymes in the 
epididymis, testicular tissue, and in spermatozoa, resulting in reduced motility of 
the spermatozoa. No visible morphological changes of the spermatozoa or 
epididymis were seen at dose levels of 5-10 mg 3-chloro-1 ,2-propanediol/kg bw/dy, 
while a single intraperitoneal injection of 75 mg/kg bw caused development of 
retention cysts or spermatocele of the caput epididymis in rats. In a reproduction 
study the NOEL for male rat fertility was 2 mg/kg bw/dy when the rats were treated 
orally with 3-chloro-1 ,2-propanediol for 7 days and during the mating period. 

3-Chloro-1 ,2-propanediol was genotoxic in most in vitro assays, while it 
was negative in in vivo assays. In addition, 3-chloro-1,2-propanediol induced 
malignant transformation of mouse M2-fibroblasts in culture. 

The results of a recently-completed long-term toxicity /carcinogenicity study 
in rats treated at dose levels of 1.1, 5.2 or 28 mg 3-chloro-1,2-propanediol/kg 
bw/dy in drinking-water for 104 weeks indicated a carcinogenic effect. Occurrence 
of treatment-related increased incidences of tumours in the kidneys of both sexes 
and testis, mammary and preputial gland of male rats were reported. Although it 
has been suggested that the occurrence of these tumours might be secondary to 
either a sustained organ toxicity (kidney) or hormonal disturbances (testis and 
mammary gland), information was not available to the Committee to support this 
assumption. The Committee noted that the drinking-water of the control animals 
contained low levels of 3-chloro-1 ,2-propanediol. The presence of 3-chloro-1 ,2-
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propanediol in the drinking-water may have confounded the quantitative evaluation 
of the dose-response relationships for carcinogenicity. In addition, significantly 
increased kidney weights were observed in male rats at the lowest dose level. 

1,3-dichloro-2-propanol. 

The Committee reviewed studies on biotransformation, acute toxicity and 
long-term toxicity/carcinogenicity in rats, and in vitro genotoxicity of 1,3-dichloro-
2-propanol. 

The results of a long-term toxicity/carcinogenicity study in rats treated at 
dose levels of 2.1, 6.3, or 19 mg 1,3-dichloro-2-propanol/kg bw/dy in the drinking
water for 104 weeks indicated a carcinogenic effect of 1,3-dichloro-2-propanol. 
Induction of benign and malignant tumours of the liver, kidney, thyroid gland, and 
oral epithelia/tongue was observed in rats at the mid- and high-dose levels. 

1 ,3-Dichloro-2-propanol was active in a range of genotoxicity screening 
assays, including tests for chromosomal effects in mammalian cells in culture and 
tests for gene mutations in bacteria. In addition, 3-chloro-1 ,2-propanediol induced 
malignant transformation of mouse M2-fibroblasts in culture. 

The Committee was not presented with results from studies on absorption, 
distribution or excretion of 1,3-dichloro-2-propanol. 

The Committee noted that different rat strains were used in the long-term 
toxicity/carcinogenicity studies on 3-chloro-1 ,2-propanediol and on 1 ,3-dichloro-2-
propanol, which precluded a direct comparison between these two compounds in 
regard to their carcinogenicity. 

4. EVALUATION 

The Committee concluded that 3-chloro-1 ,2-propanediol and 1, 3-dichloro-
2-propanol are undesirable contaminants in food and expressed the opinion that their 
levels in hydrolyzed vegetable proteins should be reduced to the lowest 
technologically achievable. 
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Reports and other documents resulting from previous meetings of the Joint 
FAO/WHO Expert Committee on Food Additives 

1. General principles governing the use of food additives (First report of the Joint FAO/WHO 
Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 15, 1958; 
WHO Technical Report Series, No. 129, 1957 (out of print). 

2. Procedures for the testing of intentional food additives to establish their safety for use 
(Second report of the Joint FAOIWHO Expert Committee on Food Additives). FAO Nutrition 
Meetings Report Series, No. 17, 1958; WHO Technical Report Series, No. 144, 1958 (out of 
print). 

3. Specifications for identity and purity of food additives (antimicrobial preservatives and 
antioxidants) (Third report of the Joint FAO/WHO Expert Committee on Food Additives). 
These specifications were subsequently revised and published as Specifications for identity 
and purity of food additives, Vol. I. Antimicrobial preservatives and antioxidants, Rome, 
Food and Agriculture Organization of the United Nations, 1962 (out of print). 

4. Specifications for identity and purity of food additives (food colours) (Fourth report of the 
Joint FAO/WHO Expert Committee on Food Additives). These specifications were 
subsequently revised and published as Specifications for identity and purity of food 
additives, Vol. II. Food colours, Rome, Food and Agriculture Organization of the United 
Nations, 1963 (out of print). 

5. Evaluation of the carcinogenic hazards of food additives (Fifth report of the Joint 
FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, 
No. 29, 1961; WHO Technical Report Series, No. 220, 1961 (out of print). 

6. Evaluation of the toxicity of a number of antimicrobials and antioxidants (Sixth report of 
the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report 
Series, No. 31, 1962; WHO Technical Report Series, No. 228, 1962 (out of print). 

7. Specifications for the identity and purity of food additives and their toxicological 
evaluation: emulsifiers, stabilizers, bleaching and maturing agents (Seventh report of the 
Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 
35, 1964; WHO Technical Report Series, No. 281, 1964 (out of print). 

8. Specifications for the identity and purity of food additives and their toxicological 
evaluation: food colours and some antimicrobials and antioxidants (Eighth report of the 
Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 
38, 1965; WHO Technical Report Series, No. 309, 1965 (out of print). 

9. Specifications for identity aud purity and toxicological evaluation of some antimicrobials 
and antioxidants. FAO Nutrition Meetings Report Series, No. 38A, 1965; WHO/Food 
Add/24.65 (out of print). 

10. Specifications for identity and purity and toxicological evaluation of food colours. FAO 
Nutrition Meetings Report Series, No. 38B, 1966; WHO/Food Add/66.25. 

11. Specifications for the identity and purity of food additives and their toxicological 
evaluation: some antimicrobials, antioxidants, emulsifiers, stabilizers, flour-treatment 
agents, acids, and bases (Ninth report of the Joint FAO/WHO Expert Committee on Food 
Additives). FAO Nutrition Meetings Series, No. 40, 1966; WHO Technical Report Series, 
No. 339, 1966 (out of print). 

12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifiers, stabilizers, 
flour-treatment agents, acids, and bases. FAO Nutrition Meetings Report Series, No. 40A, 
B, C; WHO/Food Add/67.29. 

13. Specifications for the identity and purity of food additives and their toxicological 
evaluation: some emulsifiers and stabilizers and certain other substances (Tenth report of 
the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, 
No. 43, 1967; WHO Technical Report Series, No. 373, 1967. 
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14. Specifications for the identity and purity of food additives and their toxicological 
evaluation: some flavouring substances and non-nutritive sweetening agents (Eleventh 
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition 
Meetings Series, No. 44, 1968; WHO Technical Report Series, No. 383, 1968. 

15. Toxicological evaluation of some flavouring substances and non-nutritive sweetening 
agents. FAO Nutrition Meetings Report Series, No. 44A, 1968; WHO/Food Add/68.33. 
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16. Specifications and criteria for identity and purity of some flavouring substances and non
nutritive sweetening agents. FAO Nutrition Meetings Report Series, No. 44B, 1969; 
WHO/Food Add/69.31. 

17. Specifications for the identity and purity of food additives and their toxicological 
evaluation: some antibiotics (Twelfth report of the Joint FAO/WHO Expert Committee on 
Food Additives). FAO Nutrition Meetings Series, No. 45, 1969; WHO Technical Report 
Series, No. 430, 1969. 

18. Specifications for the identity and purity of some antibiotics. FAO Nutrition Meetings 
Series, No. 45A, 1969; WHO/Food Add/69.34. 

19. Specifications for the identity and purity of food additives and their toxicological 
evaluation: some food colours, emulsifiers, stabilizers, anticaking agents, and certain 
other substances (Thirteenth report of the Joint FAO/WHO Expert Committee on Food 
Additives). FAO Nutrition Meetings Series, No. 46, 1970; WHO Technical Report Series, 
No. 445, 1970. 

20. Toxicological evaluation of some food colours, emulsifiers, stabilizers, anticaking agents, 
and certain other substances. FAO Nutrition Meetings Report Series, No. 46A, 1970; 
WHO/Food Add/70.36. 

21. Specifications for the identity and purity of some food colours, emulsifiers, stabilizers, 
anticaking agents, and certain other food additives. FAO Nutrition Meetings Report Series, 
No. 46B, 1970; WHO/Food Add/70.37. 

22. Evaluation of food additives: specifications for the identity and purity of food additives 
and their toxicological evaluation: some extraction solvents and certain other substances; 
and a review of the technological efficacy of some antimicrobial agents. (Fourteenth report 
of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings 
Series, No. 48, 1971; WHO Technical Report Series, No. 462, 1971. 

23. Toxicological evaluation of some extraction solvents and certain other substances. FAO 
Nutrition Meetings Report Series, No. 48A, 1971; WHO/Food Add/70.39. 

24. Specifications for the identity and purity of some extraction solvents and certain other 
substances. FAO Nutrition Meetings Report Series, No. 48B, 1971; WHO/Food Add/70.40. 

25. A review of the technological efficacy of some antimicrobial agents. FAO Nutrition 
Meetings Report Series, No. 48C, 1971; WHO/Food Add/70.41 

26. Evaluation of food additives: some enzymes, modified starches, and certain other 
substances: Toxicological evaluations and specifications and a review of the technological 
efficacy of some antioxidants (Fifteenth report of the Joint FAO/WHO Expert Committee on 
Food Additives). FAO Nutrition Meetings Series, No. 50, 1972; WHO Technical Report 
Series, No. 488, 1972. 

27. Toxicological evaluation of some enzymes, modified starches, and certain other 
substances. FAO Nutrition Meetings Report Series, No. 50A, 1972; WHO Food Additives 
Series, No. 1, 1972. 

28. Specifications for the identity and purity of some enzymes and certain other substances. 
FAO Nutrition Meetings Report Series, No. SOB, 1972; WHO Food Additives Series, No. 2, 
1972. 

29. A review of the technological efficacy of some antioxidants and synergists. FAO Nutrition 
Meetings Report Series, No. SOC, 1972; WHO Food Additives Series, No. 3, 1972. 

30. Evaluation of certain food additives and the contaminants mercury, lead, and cadmium 
(Sixteenth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Series, No. 51, 1972; WHO Technical Report Series, No. 505, 1972, and 
corrigendum. 



ANNEX 1 291 

31. Evaluation of mercury, lead, cadmium and the food additives amaranth, 
diethylpyrocarbamate, and octyl gallate. FAO Nutrition Meetings Report Series, No. 51A, 
1972; WHO Food Additives Series, No. 4, 1972. 

32. Toxicological evaluation of certain food additives with a review of general principles and 
of specifications (Seventeenth report of the Joint FAO/WHO Expert Committee on Food 
Additives). FAO Nutrition Meetings Series, No. 53, 1974; WHO Technical Report Series, 
No. 539, 1974, and corrigendum (out of print). 

33. Toxicological evaluation of certain food additives including anticaking agents, 
antimicrobials, antioxidants, emulsifiers, and thickening agents. FAO Nutrition Meetings 
Report Series, No. 53A, 1974; WHO Food Additives Series, No. 5, 1974. 

34. Specifications for identity and purity of thickening agents, anticaking agents, 
antimicrobials, antioxidants and emulsifiers. FAO Food and Nutrition Paper, No. 4, 1978. 

35. Evaluation of certain food additives (Eighteenth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 54, 1974; WHO 
Technical Report Series, No. 557, 1974, and corrigendum. 

36. Toxicological evaluation of some food colours, enzymes, flavour enhancers, thickening 
agents, and certain other food additives. FAO Nutrition Meetings Report Series, No. 54A, 
1975; WHO Food Additives Series, No. 6, 1975. 

37. Specifications for the identity and purity of some food colours, enhancers, thickening 
agents, and certain food additives. FAO Nutrition Meetings Report Series, No. 54B, 1975; 
WHO Food Additives Series, No. 7, 1975. 

38. Evaluation of certain food additives: some food colours, thickening agents, smoke 
condensates, and certain other substances. (Nineteenth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 55, 1975; WHO 
Technical Report Series, No. 576, 1975. 

39. Toxicological evaluation of some food colours, thickening agents, and certain other 
substances. FAO Nutrition Meetings Report Series, No. 55A, 1975; WHO Food Additives 
Series, No. 8, 1975. 

40. Specifications for the identity and purity of certain food additives. FAO Nutrition 
Meetings Report Series, No. 55B, 1976; WHO Food Additives Series, No. 9, 1976. 

41. Evaluation of certain food additives (Twentieth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Food and Nutrition Meetings Series, No. 1., 1976; 
WHO Technical Report Series, No. 599, 1976. 

42. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 10, 
1976. 

43. Specifications for the identity and purity of some food additives. FAO Food and Nutrition 
Series, No. lB, 1977; WHO Food Additives Series, No. 11, 1977. 

44. Evaluation of certain food additives (Twenty-first report of the Joint FAO/WHO Expert 
Committee on Food Additives). WHO Technical Report Series, No. 617, 1978. 

45. Summary of toxicological data of certain food additives. WHO Food Additives Series, No. 
12, 1977. 

46. Specifications for identity and purity of some food additives, including antioxidant, food 
colours, thickeners, and others. FAO Nutrition Meetings Report Series, No. 57, 1977. 

47. Evaluation of certain food additives and contaminants (Twenty-second report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 631, 
1978. 

48. Summary of toxicological data of certain food additives and contaminants. WHO Food 
Additives Series, No. 13, 1978. 

49. Specifications for the identity and purity of certain food additives. FAO Food and 
Nutrition Paper, No. 7, 1978. 

50. Evaluation of certain food additives (Twenty-third report of the Joint FAO/WHO Expert 
Committee on Food Additives). WHO Technical Report Series, No. 648, 1980, and 
corrigenda. 

51. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 14, 
1980. 



ANNEX 1 292 

52. Specifications for identity and purity of food colours, flavouring agents, and other food 
additives. FAO Food and Nutrition Paper, No. 12, 1979. 

53. Evaluation of certain food additives (Twenty-fourth report of the Joint FAOIWHO Expert 
Committee on Food Additives). WHO Technical Report Series, No. 653, 1980. 

54. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 15, 
1980. 

55. Specifications for identity and purity of food additives (sweetening agents, emulsifying 
agents, and other food additives). FAO Food and Nutrition Paper, No. 17, 1980. 

56. Evaluation of certain food additives (Twenty-fifth report of the Joint FAO/WHO Expert 
Committee on Food Additives). WHO Technical Report Series, No. 669, 1981. 

57. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 16, 
1981. 

58. Specifications for identity and purity of food additives (carrier solvents, emulsifiers and 
stabilizers, enzyme preparations, flavouring agents, food colours, sweetening agents, and 
other food additives). FAO Food and Nutrition Paper, No. 19, 1981. 

59. Evaluation of certain food additives and contaminants (Twenty-sixth report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 683, 
1982. 

60. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 17, 
1982. 

61. Specifications for the identity and purity of certain food additives. FAO Food and 
Nutrition Paper, No. 25, 1982. 

62. Evaluation of certain food additives and contaminants (Twenty-seventh report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 696, 
1983, and corrigenda. 

63. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 18, 1983. 

64. Specifications for the identity and purity of certain food additives. FAO Food and 
Nutrition Paper, No. 28, 1983. 

65. Guide to specifications--General notices, general methods, identification tests, test 
solutions, and other reference materials. FAO Food and Nutrition Paper, No. 5, Rev. 1, 
1983. 

66. Evaluation of certain food additives and contaminants (Twenty-eight report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 710, 
1984, and corrigendum. 

67. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 19, 1984. 

68. Specifications for the identity and purity of food colours. FAO Food and Nutrition Paper, 
No. 31/1, 1984. 

69. Specifications for the identity and purity of food additives. FAO Food and nutrition Paper, 
No. 31/2, 1984. 

70. Evaluation of certain food additives and contaminants (Twenty-ninth report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 733, 
1986, and corrigendum. 

71. Specifications for the identity and purity of certain food additives. FAO Food and 
nutrition Paper, No. 34, 1986. 

72. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 20. Cambridge University Press, 1987. 

73. Evaluation of certain food additives and contaminants (Thirtieth report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 751, 
1987. 

74. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 21. Cambridge University Press, 1987. 

75. Specifications for the identity and purity of certain food additives. FAO Food and 
Nutrition Paper, No. 37, 1987. 
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76. Principles for the safety assessment of food additives and contaminants in food. WHO 
Environmental Health Criteria, No. 70. Geneva, World Health Organization, 1987. 
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77. Evaluation of certain food additives and contaminants (Thirty-first report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 759, 
1987 and corrigendum. 

78. Toxicological evaluation of certain food additives. WHO Food Additives Series, No. 22. 
Cambridge University Press, 1988. 

79. Specifications for the identity and purity of certain food additives. FAO Food and 
Nutrition Paper, No. 38, 1988. 

80. Evaluation of certain veterinary drug residues in food (Thirty-second report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 763, 
1988. 

81. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives 
Series, No. 23. Cambridge University Press, 1988. 

82. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition paper, 
No. 41, 1988. 

83. Evaluation of certain food additives and contaminants (Thirty-third report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 776, 
1989. 

84. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 24. Cambridge University Press, 1989. 

85. Evaluation of certain veterinary drug residues in food (Thirty-fourth report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 788, 
1989. 

86. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives 
Series, No. 25, 1990. 

87. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, 
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88. Evaluation of certain food additives and contaminants (Thirty-fifth report of the Joint 
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1990, and corrigenda. 
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Series, No. 26, 1990. 

90. Specifications for identity and purity of certain food additives. FAO Food and Nutrition 
Paper, No. 49, 1990. 

91. Evaluation of certain veterinary drug residues in food (Thirty-sixth report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 799, 
1990. 

92. Toxicological evaluation of certain veterinary drug residues in food. WHO Food Additives 
Series, No. 27, 1991. 

93. Residues of some veterinary drugs in animals and foods. FAO Food and Nutrition Paper, 
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94. Evaluation of certain food additives and contaminants (Thirty-seventh report of the Joint 
FAO/WHO Expert Committee on Food Additives). WHO Technical Report Series, No. 806, 
1991. 

95. Toxicological evaluation of certain food additives and contaminants. WHO Food Additives 
Series, No. 28, 1991. 

96. Compendium of food additive specifications (Joint FAO/WHO Expert Committee on Food 
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FAO, 1992 (2 volumes). 
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102. Toxicological evaluation of certain food additives and naturally occurring contaminants. 
WHO Food Additives Series, No. 30, 1993. 

103. Compendium of food additive specifications, Addendum 1 (Joint FAO/WHO Expert 
Committee on Food Additives (JECFA)). FAO Food and Nutrition Paper, No. 52, 1992. 

104. Evaluation of certain veterinary drug residues in food. (Fortieth report of the Joint 
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ABBREVIATIONS USED IN THE MONOGRAPHS 

AAF 2-acetylaminofluorene EHEN N-ethyl-N-hydroxy 
AD! acceptable daily intake ethylnitrosamine 
NG albumin/globulin ratio EPA Environmental Protection 
AIIBP Association Internationale de Agency (U.S.) 

L 'Industrie des Bouillons et Er erythrocytes 
Potages EROD hepatic ethoxy-resorufin-0-

Alk-P-ase alkaline phosphatase deethylase 
ALAT alanine aminotransferase ESR erythrocyte sedimentation rate 
AMP adenosine monophosphate 
ANFT 2-amino-(5-nitro-furyl)thiazole F female 
ASAT aspartate aminotransferase F, filial generation, first 
ATP adenosine triphosphate F, filial generation, second 
AUC area under curve FANFT N-[ -(5-nitro-2-furyl)-

thiazolyl]formamide 
BBN N-butyl-N-(-hydroxy- FAO Food and Agriculture 

butyl)nitrosamine Organization of the United 
BHA butylated hydroxyanisole Nations 
BHT butylated hydroxytoluene FBG fasting blood glucose 
BSP bromosulfophthalein FEMA Flavor and Extract 
BUN blood urea nitrogen Manufacturers' Association 
bw body weight of the United States 

FEP free erythrocyte protoporphyrin 
c control group 
CFR Code of Federal Regulations GHB glycosylated haemoglobin 

(USA) GI gastrointestinal 
CGT cyclodextrin glycosyl transferase GIP gastric inhibitory polypeptide 
CHO Chinese hamster ovary GMP Disodium 5'-guanylate (guanylic 
CMC carboxymethylcellulose acid, disodium salt) 
Comm Community G6Pase glucose-6-phosphatase 
cP centipoise (viscosity measure) GRAS food chemicals generally 

recognized as safe 
d day 
D,o dose at which structural h hour 

aberrations were detected in H high dose 
20% of the metaphases Hb haemoglobin 
observed HDL high-density lipoprotein 

DBCP 1 ,2-dibromo-3-chloropropane HDL-C high-density lipoprotein 
DEHP di- [2-ethy lhexy !]phthalate cholesterol 
derm dermal He La Helen Lane 
DiEHA ethylhexanedioic acid HHS Department of Health and 
Diff differential leucocytes Human Services (USA) 
DMBA 7,12 dimethyl-1 ,2- HPF high polyunsaturated fat 

benzanthracene HPLC high performance liquid 
DMH 1 ,2-dimethylhydrazine chromatography 
DNA deoxyribonucleic acid HSF high saturated fat 
Ds Dunaliella salina Hct haematocrit 
dy day 
EA 2-ethylhexanoic acid !ARC International Agency for 
EC,0 effective concentration, median Research on Cancer 
EDA ethylene diamine IBT Industrial Bio-Test Labs., Inc. 
ED 50 effective dose, median ICG indocyanine green 
EEC European Economic Community ID,0 inhibitory dose, 50% 
EHA ethylhexanoic acid ID iron deficiency 
EH 2-Ethylhexanol IDA iron deficiency anaemia 
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im intramuscular 5-0H EHA 5-hydroxyethylhexanoic acid 
IMP disodium 5 '-inosinate 
inh inhalation PAS periodic acid Shiff 
IPCS International Programme on PBG 2-hour post-prandial blood 

Chemical Safety glucose 
ip intraperitoneal pc percutaneous 
IRDC International Research and PCV packed red cell volume 

Development Corporation PG propyl gallate 
iv intravenous PGA propylene glycol alginate 

PN papillary or nodular hyperplasia 
JECFA Joint FAO/WHO Expert PNG Phillipines natural grade 

Committee on Food [carrageenan] 
Additives po by mouth 

ppm parts per million 
KM konjac flour, konjac mannan PSP phenosulfophthalein 

RNA ribonucleic acid 
L low dose RTP Research Triangle Park, NC 
LD,0 lethal dose, median (USA) 
LDH lactate dehydrogenase 
LDL-C low-density lipoprotein SAIB sucrose acetate isobutyrate 

cholesterol SAP serum alkaline phosphatase 
LDw lethal dose, lowest %Sat % Saturation of Transferrin 
Leu leucocytes S.C. subcutaneous(ly) 
LF low fat SCF soya-bean cotyledon fiber 

SER smooth endoplasmic reticulum 
m male SHADIB sucrose hexaacetate diisobutyrate 
MCHC mean corpuscular haemoglobin SLRL sex-linked recessive lethal 

concentration SOIB sucrose octaisobutyrate 
3-MCPD 3-chloro-1,2-propanediol (3-

monochloropropane-1,2- t,h half-life 
diol) TBHQ tertiary butylhydroquinone 

MCV mean cell volume TC total cholesterol 
MEHP mono-[2-ethylhexyl]phthalate TG triglyceride 
MFO mixed function oxidase TR frequency of cells with exchange 
mg milligram type aberrations per unit 
min minute dose (mg/ml) 
MNNG N -methy 1-N -nitrosoguanidine 
MNU me thy 1-N -nitrosourea USEPA United States Environmental 
MRI Midwest Research Institute Protection Agency 
MSG monosodium glutamate 
MTD maximum tolerated dose v/v volume/volume 
mU 111000 International Unit 

insulin, 1 IU=0.04167 mg WBC white blood cell 
of international standard WHO World Health Organization 
preparation 

NaFeEDTA sodium iron EDT A 
NBR NCI-Black-Reiter (rats) 
NEL no-effect-level 
NOAEL no-observed-adverse-effect-level 
NOEL no-observed-effect level 
NQO nitroquinoline oxide 
NTP National Toxicology Program 

(USA) 

OCT ornithine carbamyl transferase 
ODC ornithine decarboxylase 
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ACCEPTABLE DAILY INTAKES, OTHER TOXICOLOGICAL 
INFORMATION, AND INFORMATION ON SPECIFICATIONS 

Acceptable Daily Intake (ADI) 
and other toxicological recommendations 

Substance Specifications1 Acceptable Daily Intake 

Antioxidants 
Dodecyl gallate R 0-0.05 mg/kg bw (temporary)' 
Octyl gallate R 0-0.1 mg/kg bw (temporary)' 
Propy I gallate R 0-1.4 mg/kg bw 

Flavouring agents 
Benzyl acetate s 0-5 mg/kg bw (group ADI)2

•
3 

2-Ethyl-1-hexanol N 0-0.5 mg/kg bw 
d-Limonene R Not specified4 

a-Methylbenzyl alcohol N 0-0.1 mg/kg bw 
Quinine hydrochloride R } Current use levels of up to 100 mg/1 
Quinine sulfate R} (as quinine base) in soft drinks not 

of toxicological concern 

Flavour enhancers 
Disodium-5 '-guanylate R } Not specified4 

Disodium-5 '-inosinate R } 

Food colours 
Carotenes (algal) R No ADI allocated because of 

inadequate data 
Carotenes (vegetable) R Acceptable, provided the level of 

use does not exceed the level 
normally found in vegetables 

Sweetening agents 
Maltitol s } Not specified4 

Maltitol syrup R} 
Saccharin s 0-5 mg/kg bw 

Thickening agents 
Konjac flour N,T2 Not specified (temporary)2

•
4 

Processed Eucheuma seaweed R 0-20 mg/kg bw (temporary)' 
Propylene glycol alginate R,T' 0-70 mg/kg bw 

Miscellaneous substances 
B-Cyclodextrin N,T2 0-6 mg/kg bw (temporary)' 
Sodium iron EDT A N,T2 Provisionally considered to be safe 

in food fortification programmes' 
Sucrose acetate isobutyrate R 0-10 mg/kg bw (temporary)' 
Urea N Use at levels of up to 3% in 

chewing gum not of toxicological 
concern 
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Contaminant 

Cadmium 
Chloropropanols 

Lead 

(3-chloro-1 ,2-propanediol and 
1 ,3-dichloro-2-propanol) 

Provisional Tolerable Weekly Intake 
(PTWI) 

7 l'g per kg of body weight 
Levels in hydrolyzed vegetable proteins 

should be reduced as far as 
technologically possible 

25 l'g/kg bw 

Substances considered for specifications only 

Substance 

Alginic acid 
Ammonium alginate 
Ammonium polyphosphate 
a-Amylase from Bacillus stearothermophilus 
a-Amylase from Bacillus subtilis 
a-Amylase and glucoamylase from Aspergillus oryzae 
Calcium alginate 
Carmines 
Cochineal extract (formerly cochineal and carminic acid) 
Disodium pyrophosphate 
Erythrosine 
Ethyl hydroxyethyl cellulose 
Jl-Glucanase from Aspergillus niger, var. 
Hexane 
Lecithin 
Lecithin, partially hydrolyzed 
2-Nitropropane 
Oxystearin 
Petroleum jelly 
Potassium alginate 
Sodium alginate 
Sucralose (formerly trichlorogalactosucrose) 
Tetrasodium pyrophosphate 
Trichloroethylene 
Xanthan gum 

Notes to Annex 4 

Specifications1 

R 
R 
R 
R 
R 
R,T2 

R 
R 
R 
R 
R 
S,T2 

R 
S,T2 

R 
s 
S,T2 

S,T2 

S,T2 

R 
R 
R 
R 
S,T2 

R 

300 

1. N, new specifications were prepared; R, existing specifications revised; S, 
specifications exist, revision not considered or not required; and T, the 
existing, new, or revised specifications are tentative and comments are invited. 

2. Details of further toxicological studies and other information required for 
certain substances are given in Annex 3 to the Report of the 41" meeting of 
JECFA (WHO Technical Report Series, in preparation). 
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3. Group ADI with benzyl alcohol, benzaldehyde, benzoic acid, and benzoate 
salts. 

4. ADI "not specified" means that, on the basis of the available data (chemical, 
biochemical, toxicological, and other), the total daily intake of the substance 
arising from its use at the levels necessary to achieve the desired effect and 
from its acceptable background 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 was not deemed necessary. 

5. The Committee provisionally concluded that sodium iron EDT A 
(ethylenediaminetetraacetate) meeting the tentative specifications prepared at 
the meeting does not present a safety problem when used in supervised food 
fortification programmes in iron deficient populations. 



ANNEXS 
CORRIGENDA 

World Health Organization 
WHO Food Additives Series 

No. 24 
TOXICOLOGICAL EVALUATION OF CERTAIN 

FOOD ADDITIVES AND CONTAMINANTS 

Thirty-third meeting of the Joint FAO/WHO 
Expert Committee on Food Additives 

Page 165, line 2 under Absorption, distribution, and excretion: 

" ... Cadmium deficiency ... " should be changed to " ... Calcium deficiency ... " 

Page 192, line 2: 

" ... excreted and also that 0. 005 % of the total body burden is excreted daily" 
should be changed to " ... excreted daily" 

No. 26 
TOXICOLOGICAL EVALUATION OF CERTAIN 

FOOD ADDITIVES AND CONTAMINANTS 

Thirty-fifth meeting of the Joint FAO/WHO 
Expert Committee on Food Additives 

CORRIGENDA 

Page 30, line 2 under 2.2.2.1 Rats: 

" ... equivalent of 0.25, 100 ... " should be changed to " ... equivalent of 0, 25, 
100 ... " 

Page 37, line 8 in second paragraph: 

" ... days 7 and 24 were ... " should be changed to " ... days 7 and 14 were ... " 



This volume contains monographs prepared at 
the forty-first meeting of the Joint FAO/WHO 
Expert Committee on Food Additives (JECFA), 
which met in Geneva from 9 to 18 February 1993. 

The toxicological monographs in this volume 
summarize the safety data on a number of food ad
ditives, including three antioxidants (dodecyl, 
octyl, and propyl gallate), three flavouring agents 
(benzyl acetate, 2-ethyl-1-hexanol, and a-methyl
benzyl alcohol), two flavour enhancers (disodium 
5' -guanylate and disodium 5' -inosinate) food 
colour (carotenes from natural [algal, vegetable] 
sources), two sweetening agents (saccharin, and 
maltitol and maltitol syrup), three thickening ag
ents (konjac flour, processed Eucheuma seaweed, 
and propylene glycol alginate) four other additives 
(~-cyclodextrin, sodium iron ethylenediaminetet
raacetic acid, sucrose acetate isobutyrate, and 
urea), as well as a contaminant (chloropropanols}. 
The data summarized in these monographs serve as 
the basis for acceptable daily intakes established 
by the Committee. 

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, government and food regulatory 
officers, industrial testing laboratories, toxicolog
ical laboratories, and universities. 

Price Sw. fr. 45.- ISBN 92 4 166032 5 
Price in developing countries: Sw. fr. 31.50 


