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MIYAJI, T. Acute and Chronic Toxicity of Furylfuramide in Rats and 
Mcie. Tohoku J. exp. Med., 1971, 103 (4), 331-369 - As a model experiment 
on the study of toxicity of a compound, acute, short-term and long-term toxicity 
tests on Furylfuramide (2-(2-Furyl)-3-(5-nitro-2-8- furyl) acryl amide) were 

performed using Nitrofurazone (5-nitro-2-furaldehyde semicarbazone) and sorbic 
acid as control compounds. As the most conspicuous changes, hypertrophy of liver 
cells with clear cytoplasm was noted within a week of feeding. These cells were 
first located around the central vein and increased in number with time toward 
the peripheral portion of the lobule. In spite of the long-term experiments up 
to two years in rats and mice, no progressive lesion of the liver followed by the 
hypertrophy. No cumulative effect of Furylfuramide was noted in any organ. 
The hypertrophy of liver cells was reversible, when animals were switched to basal 
diet and kept on it for a certain length of time. A concentration of 0.125% in 
the diet was considered to be the tolerable safe dose of Furylfuramide. High 
incidence of spontaneous tumors developed in mice fed on Furylfuramide and 
control diet for two years was described. There was no difference in incidences 
between groups. food additive; furylfuramide; nitrofurazone; sorbic acid; 
hypertrophy of liver cell

As food additives are widely used, it is very important to make exhaustive 

tests on their safety. With regard to the procedures for the testing of food 
additives to establish their safety for use, the joint FAO/WHO Expert Committee 
on food additives advised both FAO and WHO in 1958 to give every possible 
encouragement to researches that may assist in developing evaluation methods for 
the safety of food additives (Walfare Ministry, 1968). At the same time, the 
committee recommended fundamental requirements for acute, short-term and 
long-term toxicity studies.

Despite these, few studies on the procedures have been reported in the 

literature and furthermore few extensive tests have been performed on the safety 

of food additives.

The present report deals with extensive experiments conducted with the aim 
of developing model procedures for toxicity tests. The compound tested was 2-

(2-furyl)-3-(5-nitro-2-furyl) acryl amide (abbreviated to Furylfuramide hereinafter), 
which has been authorized by the Japanese Ministry of Health and Welfare as a
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preservative for certain foods such as soybean cake, fish sausage, and fish pastes 
since 1965. For comparison, other bacteriostatic agents such as Nitrofurazone (5-
nitro-2-furaldehyde semicarbazone, abbreviated hereinafter as NF) and sorbic 
acid (abbreviated hereinafter to SA) were also used in some of these experiments.

As the only marked lesion produced by administration of Furylfuramide in 

animals was hypertrophy of the liver cells, the present study was focused on the 

possible progressive lesions in the liver when this compound was administered for 
a long period of time. It was administered to rats and mice for two years at the 

longest, and the reversibility of hypertrophy was studied by changing the diet 

containing the compound to basal diet after a certain period of administration.

MATERIALS AND METHODS

Compounds tested*

Nitrofuran compounds tested were Furylfuramide (2-(2-furyl)-3-(5-nitro-2-furyl) acryl 
amide) and NF (5-nitro-2-furaldehyde semicarbazone). Crystals of these compounds was 
finely ground and mixed in the diet at different concentrations. SA (sorbic acid) was also 
administered with the basal diet in the composition shown in Table 1.

The amounts of Furylfuramide administered to animals in the long-term experiments 
were 0.2% (1/3 of LD50), 0.05% (1/12 of LD50), and 0.0125% (1/48 of LD50). NF was 

given at a concentration of 0.2% or 1/3 of LD50, while SA was administered at 8%, the 
concentration sufficient to cause hvpertronhv of the liver.

Animals were individually housed in separate cages kept in an air-conditioned room 

at a temperature of 24•}2•Ž and moisture over 50% throughout the year. Their body 

weight and food consumption were measured three times a week throughout the 

experiments.

Method of examination
Morphological studies of the organs of these animals were performed histologically, 

histochemically and electron-microscopically. Paraffin sections of various organs were 

prepared and stained with hematoxylin and eosin, silver impregnation, Weigert's elastic 
stain and PAS stain.

Histochemical examinations of fresh frozen sections were performed for glycogen 
(PAS and carmine method), alkaline phosphatase (Gomori-Takamatsu's method), 
glucose-6-phosphatase (Chiquoine method) and phosphorylase (Takeuchi's method).

Quantitative determinations of serum glutamic oxalacetic transaminase (G) (Reitman-
Frankel's method) and glutamic pyruvic transaminase were biochemically performed on 
the kidney, heart, liver and serum.

The liver was treated with glutaraldehyde, fixed in osmic acid, and then embedded in 

metacrylate or epon for ultrathin sectioning. The sections were examined electron

microscopically as will be reported elsewhere.

RESULTS

1) Acute toxicity-LD50 of Furylfuramide in rats and mice

Albino rats of homogeneous Donryu strain (Nobunaga et al. 1963) (hereinafter 
abbreviated to Donryu rats) of both sexes with body weight ranging from 100 to 
120 g, and albino mice of ICR/JCL strain of both sexes weighing from 20 to 25 g

* 2-(2-Furyl)-3-(5-nitro-2-furyl) acryl amide , 5-nitro-2-furaldehyde semicarbazone and sorbic 
 acid were obtained from the Ueno Pharmaceutical Company, Osaka.
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were used to determine the dose-response relationship following a single dose of 

Furylfuramide. In parallel with this compound, such food preservatives as NF 

and SA were also administered to animals for comparison.

The oral LD50 which kills 50% of the test animals during a 7-day observation 

period calculated by the probit method was about 1,554 mg/kg body weight in 
rats and 475 mg/kg body weight in mice for Furylfuramide, about 590 mg/kg body 
weight in rats and 640 mg/kg body weight in mice for NF, and 10,500 mg/kg body 
weight in rats for sorbic acid.

2) Subacute toxicity studies in rats

As described in detail hereinafter, enlargement of the liver was repeatedly 
observed as the most conspicuous change in rats fed Furylfuramide. For 
example, nine 4-week-old Wistar strain rats were fed Furylfuramide at a con
centration of 0.2%, and 3 rats were sacrificed at the end of the first, second 
and fourth weeks. The body weight and liver weight of these animals are 
shown in Table 2. NF and SA were fed to different groups of rats for comparison 
at concentrations of 0.2% and 8% in the diet, respectively. Statistically signi
ficant increase of the liver weight and its ratio to body weight was noted in animals 
fed Furylfuramide.

TABLE 1. Composition of the basal diet (g)

Enlargement of the liver caused by feeding of Furylfuramide was remarkably 

greater than that caused by feeding of NF or SA for 15 weeks. Three groups of 
Wistar strain rats consisting of 15 to 16 males and 7 to 8 females were fed the 
compounds mixed in the basal diet at the concentration of 0.2% for Furylfuramide 
and NF and 8% for SA. Five males and 2 females were sacrificed at the end of 
the 10th week. The diet of 5 males and 2 females of each group was switched to 
the basal diet for 5 weeks after liver biopsy was done. The body weight and 
liver weight of these animals are shown in Table 4.

Another experiment of 15-week duration carried out by feeding rats with 

Furylfuramide at different concentrations and 0.2% NF. The results are shown 
in Table 5.

Body weight and food consumption. Pellets containing each compound were 

prepared weekly, and the amount of the compounds in the pellets was determined 
chemically, so that precise amount was administered.
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TABLE 2. Weights of body, liver and testis and their ratios* of rats fed on diet with 
 0.2% Furylfuramide, 0.2% NF or 8% sorbic acid for 4 weeks
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Table 2. continued

* The ratios shown above are those of the liver or testis weight to body weight .

TABLE 3. Average feed consumption and intake of compounds per day

* The upper line in each item is the average daily food consumption (g) and the 

 lower is the average intake of the compound (mg). The intake of compounds is 
 shown in amount per kg of body weight.
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TABLE 4. Chronic toxicity of
Experiment 1 (R-3)

TABLE 5. Chronic toxicity of
Experiment 2 (R-3')

* The number of rats from which administration of compound was suspended for

In the 4-week experiment, the average diet consumption was 18.6±4.3 g in 

the Furylfuramide group, 21.5•}3.4g in the SA group and 21.5•}2.2g in the 

control group. In the 15-week test, rats in the Furylfuramide group consumed 

24.5•}2.5g, 25.4•}2.2g in the SA group and 19.1•}1.7g in the NF group per
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Furylfuramide in rats

Furylfuramide in rats

three months prior to sacrifice in Fxperiment 1 and 2.

day as determined at the end of the 10th week. These do not indicate much 

difference among Furylfuramide, SA and control groups with regard to food 

consumption, but NF group consumed the least when compared with the other 

groups.
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In the experiments extending over 20 weeks, marked increases in body weight 

were seen during the experiments, and the diet consumption rates also showed 

marked differences depending on the length of the test period . The average con
sumption towards the end of each experiment is shown in Table 3 .

Mortality during the experiments. No death was seen during the experiments 

of less than 15-week duration.

Body weight. During the experiments continuing for 15 weeks, neither the 
Furylfuramidee group nor the SA group each consisting of 5 males and 2 feamles 
showed any sign of adverse effect of the compounds on the increase in body weight. 
Both groups, particularly the Furylfuramide group, did not show any difference 
from the control group. Some rats in the Furylfuramide group even showed a 

greater increase in body weight than the control. Animals on a high NF diet, 
however, showed marked decreases in body weight compared with the control . 
Three rats of 0.3% NF averaging 130g in weight at the start of the experiment 
exhibited a marked decrease in body weight to an average of 86 g after 30 days 
of administration. The control and the Furylfuramide groups gained 75 g and 
81 g, respectively, in the same period. This is another reason why concentrations 
higher than 0.2% of NF and Furylfuramide were not used thereafter .

In the 4-week experiments, the Furylfuramide, SA and control groups 
showed a similar increase in body weight, but the increase in the Furyl
furamide group was slightly smaller as shown in Table 2. However, the NF 

group did not show much increase in body weight as in the other groups. When 
Furylfuramide was administered at low concentrations such as 0 .05% and 0.0125
%, no difference in growth was observed between the rats administered with the 
compound and control rats in both the two- and four-week experiments .

In the 10-week experiments, rats in the Furylfuramide , SA and control 
groups showed marked gains of body weight compared with the NF group, 
although a considerable difference was observed between male and female rats. 
A similar trend in body weight was noted in the 20-week experiments . Small 
amounts of Furylfuramidee such as 0.05 and 0.125% in the diet did not impede 
the increase of body weight at all, but on the contrary the increase was greater 
than the control group.

In summary, the oral administration of Furylfuramide in the diet at a 
concentration of 0.2% for 15 weeks or less did not show any deleterious 
effect on the increase of body weight when compared with SA and NF . Even at a 
concentration of 0.3%, there was no indication that Furylfuramide suppressed the 
increase of body weight. Nor was SA harmful. On the other hand, NF at a con
centration of 0.3% impeded the increase of body weight and endangered the 
animal's life. Rats fed NF at a concentration as low as 0.2% in diet showed a 
similar trend and gained less body weight than rats in other groups.

Increase in liver weight. All the animals used in the tests were obtained from
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Central Laboratory of Experimental Animals, and those having almost the same 
body weight were selected. However, the liver weight when expressed as a ratio of 
liver weight to body weight varied greatly even in the controls. This was 
apparent in every experiment. In animals fed Furylfuramide the ratio increased 
rapidly as shown in Table 2. A statistically significant enlargement of the liver 
became apparent in a short period of time from one to four weeks of administration. 
This trend was also noted to a lesser extent in animals fed NF at first and later 
SA. At a low concentration of Furylfuramide such as 0.0125%, however, a 
statistically significant difference was not observed in the ratio between the Furyl
furamide group and control group.

It was also noted that animals fed 0.2% Furylfuramide for 10 weeks and 

then fed on the basal diet for the following five weeks showed no statistically signi
ficant difference in the liver/body weight ratio compared with controls.

Macroscopical findings. All the animals fed up to 15 weeks were sacrificed 
by exsanguination from the carotid artery. There were no remarkable macro
scopical changes in any organs of the examined animals except for marked atrophy 
of the testis in those fed NF for more than a week. In rats fed Furylfuramide the 
liver was markedly enlarged but did not present any pathological change such as 
hemorrhage, cirrhosis, nodule or tumor. The liver was soft with a sharp edge and 
normal color.

Histological findings of the liver. In the present studies, one of the most 
marked changes observed in the organs of rats fed Furylfuramide, NF or SA was, 
as mentioned above, the increase of liver weight in animals fed Furylfuramide and 
therefore the liver was examined in detail. The other organ showing remarkable 
changes was the testis of rats fed NF.

Furylfuramide group. Slight hypertrophy of a few liver cells was observed 
in the liver of rats fed 0.2% Furylfuramide on the third day of administration. 
There were no histological changes in the nucleus, but the cytoplasm was slightly 
vacuolar and enlarged compared with the size of the nucleus. Basophilic material 
was scattered in the enlarged cytoplasm. These cells were first noted around the 
central vein, increased in number and extended toward the lobular periphery on 
the 5th or 6th day of administration. Sometimes the nuclei were irregular, but 
there was no massive nor even scattered degeneration of the liver cells.

Acidophilic change of the cytoplasm associated with pyknotic nuclei of the 

liver cells was rarely observed. Sometimes brown pigment was noted in the 

portal triad, but its iron stain was negative. After one week of administration 
hypertrophy of liver cells became conspicuous and reached its maximum in two 

weeks. The mitotic figure was not increased. No progressive lesions, however, 

occurred in spite of continuous Furylfuramide feeding.

Since the most marked change in the liver of rats fed Furylfuramide was 

hypertrophy of liver cells, the degree of hypertrophy was graded as follows.
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Sections of a liver were prepared under a uniform condition as much as possible 
to eliminate artefact such as shrinkage of cells. Photomicrographs of twenty fields 
of each stained section selected at random under the microscope were enlarged 
exactly 600 times on photographic paper of a certain size. The number of liver 
cells observed on the photographic paper was counted. As mentioned above, 
hypertrophy of liver cells of rats fed Furylfuramide was more outstanding in the 
central portion of hepatic lobules, and the number of hypertropic cells varied, 
depending on the locality in the lobules. To avoid confusion, the central portion 
of the lobule was carefully photographed. Taking the average number of liver 
cells in control rats in a unit volume as 100, the number of liver cells in rats fed 
Furylfuramide were found 90 to 95 units after 5 days, 90 to 85 units after one 
week, and 85 to 80 units after two weeks. It coincided well with the increase of 
liver weight. There was no conspicuous increase in the number of liver cells thus 
measured even after feeding of Furylfuramide for 10, 15, 20 weeks or longer. This 
will be further discussed later. The figure varied individually, ranging from 85 
to 70, which meant the liver cells contained in a certain volume decreased in 
number by 20 to 30% (Fig. 1).

Histologically, however, there was neither irregularity of lobular structure, 

formation of pseudolobule, cellular infiltration, nor increase of connective tissue 

around the portal triad. Fat was not detected by fat stain . There was no 
difference between the experimental and control groups with regard to distribution 

of glycogen granules when PAS and Best's carmine stains were done on the liver 

fixed in alcohol.

NE group. The liver of rats fed NF was not examined every day, but after 1, 
2, 4, 10, 15 and 20 weeks following administration of 0.2% NF in diet. No 
difference from the control was noted in rats fed this compound for one and two 

weeks. However, enlarged liver cells appeared here and there in the lobules after 
feeding for 4 weeks. Vacuolar changes in the cytoplasm were seen after 10 weeks, 
particularly around the central vein. The number of these hypertrophic cells was 
limited and smaller than that in rats fed Furyluramide. Hypertrophic liver cells 
had club-like basophilic material scattered in the periphery of the cytoplasm and 
became conspicuous in 10 weeks, a finding comparable with that of Furylfuramide 
feeding for one week.

SA group. The organs were not examined daily from the beginning of SA 

administration. Hypertrophy of liver cells became evident when rats were fed 

SA for more than 10 weeks. The hypertrophic lesions were diffusely scattered in 

the lobule following administration for a longer period of time . However, the 
severity of hypertrophy was not so remarkable as that in the case of Furyl

furamide and the changes seen in 10 to 20 weeks were somewhat comparable with 

those of Furylfuramide feeding for one week.

Histochemistry. Histochemical visualization of alkaline phosphatase by
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Gomori's method, phosphorylase by Takeuchi's method, glucose-6-phosphatase 

by Chiquoine's method were performed on the liver. In addition to these 

enzymes, succinic dehydrogenase and beta-glucuronidase in the kidney were also 

determined. No difference in findings was observed between the experimental 

groups and the control animals.

Reversibility of hypertrophy of liver cells. As mentioned above, hypertrophy 
of liver cells was noted after administration of Furylfuramide for one week. 
When the administration was suspended and the rats were placed on the basal diet 
for 15 days following 15 days of Furylfuramide feeding, the liver weight 
showed hardly any appreciable difference from that of control animals. His
tologically, however, some hypertrophic liver cells were localized around the 
central portion of the lobule.

This reversibility was repeatedly confirmed in Furylfuramide feeding for 
10 weeks followed by the basal diet for the next 5 weeks. There was statistically 
a significant difference at 5% level in the ratio between those fed Furylfuramide 
for 15 weeks and those fed for 10 weeks followed by basal diet for 5 weeks. 
Similar experiments were also carried out with NF and SA. As mentioned above, 
hypertrophy of liver cells was found in NF and SA groups as well, but histologically 
the rate of reversibility was found to be faster in the Furylfuramide group than 
in the other groups.

In the foregoing experiments, liver biopsy was performed in some animals after 

Furylfuramide feeding for 10 weeks, and the results were compared with those of 

rats fed on the basal diet for the following 5 weeks. There was an evident 

reversibility of hypertrophic liver cells and no progressive change whatsoever was 

observed in the liver. As regards the possible progressive change in the liver, 

assessments were repeatedly made by feeding Furylfuramide up to 12 months 

and by biopsy performed at different times during the experiment.

In other experiments, rats were fed Furylfuramide for 2, 4, 10, 15 and 23 

weeks and then placed on the basal diet. Hypertrophic liver cells disappeared 

gradually, and the histological picture of the liver cells was restored to normal in 
2-4 weeks.

Furthermore, rats fed on 0.2% Furylfuramide for 9 months and then placed 
on the basal diet for 3 months showed neither macroscopical nor histological 
differences from control animals and those given 0.0125% Furylfuramide for 12 
months.

Serum transaminase. The activity of glutamic oxalacetic transaminase and 

glutamic pyruvic transaminase of the serum was determined by the modified 
method of Reitman and Frankel. The values of all the experimental and control 

groups were within the normal range, namely 10 to 35 in SGOT and 5 to 25 in 
SGPT irrespective of the length of administration of the compounds.
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TABLE 6. Chronic toxicity of
Experiment 3 (R-5)

The values in parentheses give the number of rats placed on simple basal diet for

TABLE 7. Chronic toxicity of
Experiment 4 (R-5')
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Furylfuramide and NF in rats

three months prior to sacrifice.

Furylfuramide and NF in rats
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3) Long-term experiments in rats

Four experiments extending up to two years were conducted using 50 to 60 

days old Donryu strain rats weighing 130 to 140g, at intervals of less than one 

month as shown in Tables 4-7. Some rats in the groups were sacrificed from time 

to time after 20 weeks and 6, 9, 12, 18 and 24 months. In some animals the 

compounds were administered for 9 or 12 months and for the following 3 months the 

basal diet was given. Body weight at the beginning and end of the experiments 

as well as the weight of such organs as liver, spleen and testis was determined as 

shown in Tables 9-12.

Death rate of animals during the long-term experiments. Although no rat died 
during the short-term experiments up to 15 weeks, a considerable number of deaths 
was noted in the long-term experiments as shown in Tables 4-8. A remarkable 
difference in the death rate was seen in each group depending on the compound 
administered. As shown in Table 8, there was a marked difference in mortality 
between NF group and Furylfuramide group. Rats in NF group died earlier 
than in the other groups. Fourty per cent of NF groups died within 6 months , 
while 4.1% of Furylfuramide group died at the same concentration. There 
were slight differences between Furylfuramide groups of 0.2, 0.05 and 0.0125%, 
and the last group showed practically no difference from the control group . The 
chief causes of death were bronchopneumonia and pulmonary abscess. In rats 
fed NF, reduced resistance against bacterial infections was considered to be the 
main reason for elevated mortality.

TABLE 8, Mortality of rats fed Furylfuramide and NF

The figures were the totals of the numbers of animals which died during the 

experiment and of those killed at the end of experiment in Tables 4-7 .
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TABLE 9. Body and organ weights of rats given Furylfuramide and the
 ratio of organ weight to body weight inn per cent
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TABLE 10. Body and organ weights of rats given 0.2% Furylfuramide and 
of rats fed on the basal diet and ratio of organ weight 

to body weight in per cent

TABLE 11. Body and organ weights of rats given Furylfuramide for 18 months
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Macroscopical findings of the organs from rats fed 0.2% Furylfuramide diet 
for 12 months and then fed basal diet for the following three months. Autopsy was 
performed after exsanguination through the carotid artery. No macroscopical 
change was noted in the brain, and organs of the pleural and peritoneal cavities. 
All the lobes of the liver were smooth on the surface, and the edge was sharp. 
Hemorrhage, increased connective tissue, cirrhosis, nodule and tumor were noted 
in none of the rats examined. The weight of the liver and its ratio to body weight 
are shown in Table 10. The liver weight of Furylfuramide group was 
statistically significantly higher than that of the control group at 1% level. It is 
considered that hypertrophy of the liver induced by feeding for 12 months persisted 
even after that the animals were placed on basal diet for 3 months. Other organs, 
however, such as the spleen and testis, did not show any significant change.

Microscopical findings of the liver. The liver of rats fed 0.2% Furylfuramide 
diet for 12 months had a normal structure without any deformity of the lobules, 

cellular infiltration in the portal triad or fibrosis. The hypertrophy of liver cells 
caused by Furylfuramide feeding was not progressive and did not show much 
difference from that in experiments for 4 to 12 weeks or 6 months. Furthermore, 
hypertrophy of liver cells of unknown etiology was often observed in the control 
rats of old age. Almost the same could be said of the liver of rats fed Furyl
furamide for 12 months and basal diet for the following three months. The 
control rats showed large and hypertrophic liver cells with clear cytoplasm around 
the center of the lobule. The same histological pattern was noted in the

and ratio of organ weight to body weight in per cent
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TABLE 12. Body and organ weights of rats given Furylfuramide for 24 months
 and ratio of organ weight to body weight in per cent

experimental group, although observed more frequently.

Scattered or diffuse necrosis of liver cells was not observed, and proliferation 

of bile ducts and Kupffer cells was not noted either.

Summary of pathological findings. Seven rats fed 0.2% Furylfuramide diet 
for 12 months and basal diet for the following 3 months were macroscopically and 
microscopically compared with 7 control rats fed basal diet for 15 months. 
There was a difference in body weight by about 120g at the end of 12 months' 
feeding and about 90g at the end of 15 months' experiment, indicating that rats 
fed Furylfuramide could not restore their body weight to the level of control rats 
through basal diet feeding for 3 months. During 12 months , the rats of the 
experimental group were administered 192 to 165 mg/kg body weight of Furyl
furamide daily.

The weight of liver expressed as a ratio to body weight decreased almost to 

that of control rats in three months. Histological examination revealed no 

particular change in the liver compared with control animals.

Rats fed on Furylfuramide for 18 months. As shown in Tables 4-7, some 
rats in the experimental and control groups survived more than 18 months, that is 
7 out of 90 in 0.05% Furylfuramide group, 16 out of 105 in 0.0125% group and 8
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out of 90 controls. Of these animals, 3 from 0.05% Furylfuramide group, 6 from 
0.0125% Furylfuramide group and 3 from the controls were sacrified at the end 
of 18th month of the experiment.

The average daily food intake was 22.6 g in 0.05% Furylfuramide group, 26.3 

g in 0.0125% Furylfuramide group and 25.3 g in the control group. Throughout 
the experiment the rat of 0.0125% Furylfuramide group and control group 

ingested about the same amount of food, or as much as 25.7 g, as described by 
Nobunaga et al. (1963) 3.5 months after birth.

Macroscopical and histological, findings of the liver of rats fed for 18 months. As 
described earlier, the most conspicuous finding of the liver of rats fed 0.2% Furyl
furamide was the increase of liver weight due to hypertrophy of liver cells. In 
rats fed 0.05% Furylfuramide for 18 months and also in rats fed 0.0125% Furyl
furamide, there was statistically no significant increase in the ratio of liver weight 
to body weight as shown in Table 11. The surface of the liver was smooth and 
its color was normal. Hyperemia, hemorrhage, nodule and neoplastic change were 
noted in none of the rats. Although changes possibly attributable to continuous 
hypertrophy of cells were not observed in the liver, lesions in the kidney and 

prostate were often noted in old animals. There was no difference in these lesions 
between rats given Furylfuramide and those fed on the basal diet.

Microscopical findings of the liver. The liver cells in the central area of 
lobules of control rats were enlarged in size with clear cytoplasm. The boundary 
of cells were rather obscure. However, no abnormality was seen in nuclei and 
nucleoli and the normal histological structure was preserved. These findings of 
liver cells are considered to be a feature often noted in old rats. In 0.05% Furyl
furamide rats, hypertrophy of the liver cells was more pronounced compared 
with control rats. However, the grade of hypertrophy remained unchanged in 
rats fed Furylfuramide for 6, 9 and 12 months.

Rats fed 0.0125% Furylfuramide diet did not show much difference from the 
control.

Findings in rats fed on 0.0125% Furylfuramide diet for two years. As shown 
in Tables 6 and 7, only 6 rats fed 0.0125% Furylfuramide diet and 4 control 
rats survived two years. The initial and final body weight, the weight of the liver, 
kidney, spleen, heart, testis, adrenal and thyroid and their ratio to body weight 
are shown in Table 18. Body weight measured three times a week during the two 

years showed practically no difference between the experimental rats and control 
rats with regard to increase of body weight. The ratio of organ weight to body 
weight also showed no statistically significant difference compared with control 
rats although considerable individual differences were observed. The rats 
ingested about 24.8 mg of Furylfuramide and 26.3 g of basal diet a day on an 
average during the two years.
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Macroscopical findings of the liver of rats fed on Furylfuramide diet for two 

years. As described earlier, rats fed 0.0125% Furylfuramide did not show much 
difference from control rats irrespective of the length of the feeding period, and so 
did the rats fed for two years. The liver was dark red in color with smooth 
surface. Hemorrhage, cirrhosis, nodule and neoplastic change were not noted 
(Figs. 2 and 3).

Hypertrophy of liver cells as indicated by increase of liver weight was not 

marked in the experimental group fed for two years. Renal lesion often 

encountered in animals of old age was also observed in both the experimental and 

control groups with no difference between the groups.

Microscopical findings of the liver of rats fed on Furylfuramide diet for two 
years. Enlarged liver cells were found in the liver of control rats with granular 
cytoplasm as shown in Fig. 4 around the central vein of the lobules, and the 
cellular border was sometimes indistinct. Vacuolar degeneration of the cytoplasm 
and even nodular hyperplasia were noted. However, there was no derangement 
of the hepatic structure. These changes common to old age (Fig. 5) were also 
noted in rats fed on 0.0125% Furylfuramide diet. It was rather difficult to 
differentiate these changes from hypertrophy observed in rats fed with Furyl
furamide for a short period and for long periods of 3, 6, 9, 12 and 18 months. 
Hypertrophy of the liver produced by Furylfuramide feeding was not progressive 
by any means. Neither cellular infiltration nor fibrosis was noted in any animal.

Macroscopical and microscopical findings of the organs other than liver in rats 

fed Fury furamide for 12 months, 18 months and two years.

Kidney: Although the size of the kidney was almost normal, the surface of 
some kidneys was fine and coarse granular. This lesion was more conspicuous in 
animals fed for a longer period of time, but there was no difference in the lesion 
depending on whether rats were fed Furylfuramide or control diet. Histological 
examination revealed the features of chronic pyelonephritis with lymphocytic 
infiltration, fibrous thickening of the Bowman's capsule, hyalinization and adhesion 
of glomerular tufts, and dilatation of the tubules with hyaline casts (Figs. 6 and 7). 
Some rats fed Furylfuramide showed amorphous brown pigment in the tubular 
epithelium, but there was no remarkable change compared with control animals.

Lung: There was no particular lesion of the lung in Furylfuramide and 

control rats.

Bone marrow: The bone marrow of the femur was histologically examined. 

There was no difference in the distribution of megakaryocytes, myelocytic cells and 

reticulum cells between the control and Furylfuramide rats. It coincided well 

with the normal count of erythrocytes and granulocytes examined during the 

experiments.

Spleen: There was no difference between experimental and control animals
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in shape and size of the spleen. Histologically, none of the rats showed any 

increase of lymphocytes or reticulum cells which would suggest a disurbance of the 

hematopoietic system. No congestion was noted.

Heart: Neither hypertrophy nor atrophy was noted.

Testis: There were no differences in size and weight of the testis between the 

control and Furylfuramide rats. Histological examination revealed neither 

atrophy nor degenerative change of the parenchyma. Spermatogenesis was not 

inhibited in any rats examined (Figs. 8 and 9).

Prostate: Hyperplasia and inflammation of the prostatic glands were often 

observed in both experimental and control groups. It was enlarged in size and 

showed hyperplasia of glandular cells and cellular infiltration in glands and stroma 

with increase of connective tissue. There was no preponderance of the lesion in 

either Furylfuramide or control groups. It was observed, however, more often 

in animals fed the substance for a longer period of time.

Thyroid and parathyroid: The size of the thyroid gland and histology of the 

follicular epithelium showed no difference between Furylfuramide and control 

groups in most of the animals except for one rat of 18 months group fed on control 
diet. It showed a small adenoma in the right lobe.

The parathyroid showed no histological lesion at all.

Adrenal glands: No histological change was observed in zonae granulosa, 

fasciculata and reticularis of the adrenal glands in both experimental and control 

groups. No marked change was noted in the medulla.

4) Chronic toxicity study of Furylfuramide in mice

According to the recommendation of FAO/WHO Expert Committee (1958, 
1962) Food Additives, it is desirable to test the toxicity of a compound on more 
than two species of animals. Chronic toxicity test was therefore also carried out 
on mice. As the natural life span of mice is assumed to be 1 - 1 1/2 years by 
many investigators, it was considered extremely difficult to keep a sufficient 
number of experimental animals for a long period of two years. However, it was 

possible to maintain a certain number of mice in the experiment for the predeter
mined period.

Animals. Five 2-month-old mice of ICR/JCL strain (Ibaragi and Nomura 
1967) obtained from the Central Laboratory of Experimental Animals were 

individually housed in a cage. Male and female mice were divided into four 

groups each consisting of 30 mice and were fed on 0.2, 0.05, 0.0125% Furyl
furamide diet and basal diet for two years. Thus, the total number of mice was 
initially 240.

Food and environment. The basal diet with a composition as shown in Table 1 

was prepared in the same way as for rats. The mice were kept in an air-conditioned
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room at a temperature at 24•}2•Ž and at moisture higher than 50%. Body weight 

was measured twice a month, and the diet consumed was also measured for a week 

every month. All the mice which died during the experiment were autopsied, and 

those surviving two years' experiments were sacrificed with chloroform for 

examination.

The result of two years' feeding in mice

Body weight. As shown in Tables 17 and 18, the body weight of male mice 

gradually increased until the fifth month of the experiment, decreased slightly 
to the minimum on the 12th and 11th months and then maintained an almost 
constant level for the following 12 or 13 months. The body weight of female 
mice rapidly increased in the third to fourth month of the experiment and then 
slowly until the 12th to 17th months. The largest body weight of 65g was noted 
in females fed with 0.2% Furylfuramide. In addition to this, there were two 
female controls weighing over 60 g. The average body weight of the male and 
female did not show much difference between the experimental and control groups.

Consumption of food and Furylfuramide. As mentioned above, the amount 
of food consumed in a week was measured each month, and the average is shown 
in Table 15.

There was no particular difference in the amount of food intake between 
male and female. Mice of 0.0125% group ingested more Furylfuramide per kg 
body weight than rats of 0.0125% group. The daily intake of rats was 8.6 mg in 
the 12-month experimental group, 9.1 mg in the 18-month experimental group, 
and 8.5 mg in the 24-month experimental group.

Death rate. A total of 34 mice, 3 of 0.2% Furylfuramide group, 8 of 
0.05% group, 4 of 0.0125% group and 4 controls which were all male mica and 
one given 0.2%, 4 given 0.05%, 4 given 0.0125% and 6 controls which were all 
females, survived the two years' period as shown in Table 16. The causes of death 
confirmed on autopsy were mostly pneumonia and abscess of the lung. 
Administration of Furylfuramide was not related to the cause of death. Six 
months after the start of the experiment, some mice in both the experimental 
and control groups showed dermatitis, but the cause could not be determined in 
spite of intensive examinations.

Weight of organs and its ratio to body weight. As shown in Tables 17 and 18, 
there were no particular characteristics in the weight of the kidney, spleen, heart 
and testis as well as in the ratio of their weight to body weight. There was no 
definite trend toward hypertrophy or atrophy regardless of the concentration of the 
compound administered in the tests. The spleen in some female mice were 
enlarged owing to leukemia.

The ratio of liver weight to body weight in male was 13.11% in 0.2% Furyl
furamide groups, 10.5% in 0.05%, group 8.6% in 0.125% group and 9.4% in the 
control. Liver weight was evidently increased in the 0.2% group, but no remark-
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TABLE 13. Average body weight and intake of food and compound

TABLE 14. Death rate of animals up to the 18th month of the experiment

TABLE 15. Daily consumption of food and daily intake of 
Furylfuramide per kg body weight

able increase was observed in other groups. In females, the ratio was 7.4% in 
0.2% group, 6.8% in 0.05% group, 5.01%, in 0.0125% group and 6.6% in control 

mice. It is noteworthy, however, that mice developed small and large liver-cell 
tumors at a high rate and the liver weight largely depended on the tumor size.

Pathological observations. The most conspicuous change observed in mice 

surviving for two years was the high incidence of spontaneous tumors. No report 
has yet been known on the kind of tumor and its indicence in ICR/JCL mice 

surviving a long period of time such as two years. In the present experiment, 

however, there was a fairly high incidence of pulmonary and hepatic tumors, 

lymphoctyic and myelogneous leukemia, lymphosarcoma and plasma cell tumor.
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TABLE 16. Deaths in mice fed

As shown in Table 16, 2 out of three 0.2% Furylfuramide male mice, 6 out of eight 

0.05% mice, and 3 out of four controls developed hepatocellular tumors.
Pulmonary tumor developed in animals of all groups, and leukemia was more 

common in females than in males. In mice which died during the two year 

period various tumors were also found, and when those dying from the 12th to 24th 
months were added together, a fairly high incidence of tumors was observed as 

shown in Table 20. However, no statistically significant difference in tumor 

incidence was observed between the groups. In the early stage, there was a 

preponderance of leukemia in females. This was followed by pulmonary tumor 
and hepatocellular tumor. Before the end of 12 months, 4 cases of leukemia and 2 

cases of pulmonary tumor were observed. Other tumors were epidermoid carcinoma 

of the stomach in two cases, polyps of the uterine endometrium in two, adenoma of 

the ovary in one, and myoma of the uterus in one. In addition to tumors, such 

lesions due to age as amyloidosis of the glomeruli and hepatic sinusoid and thicken

ing of glomerular basement membrane were also observed.
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Furylfuramide for two years

Macroscopical findings of mice fed with Furylfuramide for two years

As mentioned above, the nutrition of mice was fairly good despite the long 

experiment. All the mice weighed more than 40g and some exceeded 50g. As 

described above, tumors of the liver were often noted as yellowish nodules 

protruding on the surface, or the lobe itself was enlarged. In the lung, white or 

gray-white nodules were often seen. In the leukemic animals, enlargement of the 
lymph node and spleen was conspicuous. As mentioned above, some mice 

developed amyloidosis of the glomerular tufts which often hastened death. 

Macroscopically, the kidney was coarse or fine granular owing to glomerular lesions.

Histological finding of mice fed for two years

Liver: The marked lesion appearing in the liver of mice fed with Furyl

furamide was enlargement of liver cells in the central portion of lobules (Figs. 10 

and 11). The same lesion, however, was also observed in control mice though
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TABLE 17. The weight of body and organs of female mice

less frequently (Fig. 12). The common lesion of the liver observed in both the 

experimental and control groups was related to the development of spontaneous 
tumors. The irregular size of the cytoplasm and nuclei became conspicuous, and 

dilatation of sinusoid and central veins as well as hyaline degeneration of the 
cytoplasm were often noted.

The acidophilic cytoplasm of liver cells was scatteredly observed, and the 

number of degenerated cells with pyknotic nuclei increased with the lapse of time . 
Nodular hyperplasia, adenoma and hepatocellular tumor of the liver were noted. 

There was, however, no difference in the incidence of tumor, number of tumors in 

each lobe, and histological appearance of tumors between Furylfuramide and control 

groups, or groups fed with Furylfuramide at different concentrations. Neither 
fibrosis nor cirrhosis of the liver was observed in any mouse.

Lung: As shown in Table 20, quite a few mice developed pulmonary tumor , 
but there was no difference in incidence between the experimental and control 

groups, nor in the number of pulmonary tumors. Histologically, most of the 
tumors consisted of papillary growth oppressing the surrounding lung . Most of 
them were circumscribed, and neither invasion into the lymphatic channels nor 

remote metastasis was noted. In leukemic mice, infiltration of leukemic cells 

around the bronchus and lymphatic vessels was observed .

Spleen: Tables 17 and 18 show that some mice had enlarged leukemic spleen
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fed with Furylfuramide for two years

weighing more than 0.8g. As mentioned above, leukemia was more common in 

females than in males. Most leukemias were lymphocytic in type and leukemic 

cells filled the sinus and oppressed the follicle. In addition to lymphocytic 

leukemia, myelogenous and plasma cell leukemias were also noted and were 

recorded as leukemia in Tables 19 and 20.

Kidney: The lesions of the kidney did not show much difference between the 

experimental and control mice. As the lesions were age related, thickening of 

basement membrane and mesangium, and amyloidosis were commonly noted. 

Mice with leukemia showed infiltration of leuemic cells around glomeruli and 

tubules. Casts in the tubules were often observed in these animals. In two 

cases a histologic picture of chronic pyelonephritis was seen. No lesion due to 

degenerative vascular change was observed.

Bone marrow: Except for animals which developed leukemia, none showed 

atrophy or hyperplasia of cells in the bone marrow.

Testis: None of the animals in both the experimental and control groups 

showed any particular lesion in the testis. Maturation of spermatic cells from 

spermatogonia to spermatozoa was observed.

Adrenal gland: One mouse showed adenoma but the others were negative.

Thyroid gland: None of the animals in the experimental group showed any
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TABLE 18. The weight of body and organs of

TABLE 19. Development of tumors in mice fed with Furyl

furamide for two years

difference from the control group with regard to the size of follicles , follicular cells 
and colloid in the thyroid gland.

Digestive organs: Two mice in the control group , a male and a female, 
developed epiderrnoid carcinoma of the stomach , with widespread metastasis in the 
peritoneal cavity in one of them. One male and one female of 0.05% Furyl-
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male mice fed with Furylfuramide for two years

TABLE 20. Development of tumors in mice fed with Furylfuramide 

 for twelve to twenty four months

furamide group showed papillary growth in the stomach. Except for these 

animals, none showed any lesion in the gastro-intestinal tract.
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Other organs: Although the heart, pancreas and parathyroid were examined , 
no histological change was observed.

In summary: The mice which died before the end of the two-year period were 

found to be suffering from pneumonia and abscess of the lung in the present 

experiment. Table 17 shows the mortality of mice fed on Furylfuramide diet 

for two years. Death occurred more often after the lapse of one year probably 

due to decline of physical strength by administration of the compound.

It was noteworthy that the development of hepatocellular tumor was less 
common in groups fed with Furylfuramide for more than 12 months than in 
controls. This may suggest that the same mechanism as in the inhibitory effect 
of Furylfuramide against 4-dimethylaminoazobenzene induced hepatic tumors , 
which are described later, could have been operating. Except for hypertrophy 
of liver cells and increase of liver weight observed in male mice fed with 0.5% 
Furylfuramide, neither quantitative nor qualitative differences were observed 
between the experimental and control groups.

It could not be determined whether the high incidence of spontaneous tumors 

observed in the present experiment was peculair to ICR /JCL strain or could be 

observed in any strain when kept as long as two years. The validity, however, 

for using mice for a long term experiment is still to be re-examined.

DISCUSSION

Food addivities are widely used for coloring, flavoring, preservation and 
bleaching, and are considered necessary and advantageous to the consumer. The 
fact, however, that they are ingested by man for a greater part of his life has drawn 
considerable attention to their possible hazards (WHO 1958, 1962, Truhaut 1967). 
In Japan, where food additives may be used in certain prescribed kinds of food, 
toxicity tests of food additives have been repeated even after the use of such 
additives was approved. On the basis of such re-examinations two coloring 
agents, Ponceau 3R and Ponceau R were prohibited in 1965 (Welfare Ministry) , 
and 8 coloring agents, Orange 1 and SS, Naphthol Yellow S, Oil Yellow AB, Oil 
Yellow OB, Ponceau SX, Oil Red XO , Guinea Green D in 1966 (Welfare Ministry) 
because of their possible carcinogenic action when fed to animals . Recently, 
Dulcin (Welfare Menistry 1968) and Cyclomate (Welfare Ministry 1969, 1970) 
were also prohibited due to their carcinogenic action on the liver in the former, and 
on the urinary bladder and ureter in the latter.

Toxicity test on Furylfuramide, 2-(2-Furyl)-3-(5-nitro-2-furyl) acryl amide, 
synthesized by H. Saikachi in 1958 and known for its high bacteriostatic action 

(Matthews 1964, Miyaji et al. 1964, Matsuda 1965 a, b, Matsuda and Nakanishi 
1965, Ando et al. 1966, Matsuda 1966, Miyaki et al. 1968) has been carried out by 
research workers in this country repeatedly (Hatta 1950, Saito 1953, Hamaji 1958, 
Aiso et al. 1962). However, the data on morphological lesions caused by administra
tion of Furylfuramide are very scanty . Lack of pathological observations with 
regard to toxicity tests not only on Furylfuramide but also on other food additives



Toxicity of Furylfuramide 361

is not uncommon (Fitshugh and Nelson 1946, Aiso 1950, Hatta 1950, Hodge 
et al. 1952, Deuel 1954, Hamaji 1958, Cox 1960, Aiso et al. 1962, Matthews 1964). 
For example, Duel (1954) mentioned in his experiments with sorbic acid given to 
rats for 90 days that there was an increase in liver/body wieght ratio without any 
histological changes. Lang (1960) also reported likewise in his experiments on 
rats fed on 5% sorbic acid diet for 1,000 days covering two generations that he 
did not find any pathological lesion.

In view of the paucity of description on pathological changes in toxicity 

study, the present study was focused on pathological lesion in acute and chronic 

toxicity study.

A statistically significant increase was noted in liver weight of rats fed 0.3% 
or 0.2% Furylfuramide diet for only a week. This was mainly ascribed to 
hypertrophy of liver cells with accumulation of rough endoplasmic reticulum and its 
cavitation. NF and sorbic acid also produced hypertrophy of liver cells with 
similar changes in the cytoplasm, but to a lesser degree. However, none of these 
compounds brought about degeneration of the endoplasmic reticulum and 
mitochondria as caused by administration of carcinogenic azo dyes or carbon 
tetrachloride (Ueda 1967).

In view of the fact that Furylfuramide disappeared from the circulating 

blood of animals in a short time (Matsuda 1966), it was considered that this 
compound might be metabolized in the liver, require enhanced function of this 
organ, and consequently induce hypertrophy of liver cells. Repeated tests on 
reversibility of hypertrophy by discontinuing the administration tend to support 
this assumption. There was no elevation of SGOT and SGPT, although it was 
administered for a long period of one year.

Even though hypertrophy of liver cells reached its maximum after two weeks 
of feeding, the progress of the lesion was tested by feeding Furylfuramide to rats 
and mice for two years, a period of time equivalent to a major portion of their 
life-span. No serious lesion such as necrosis, cirrhosis and neoplastic changes were 
observed in rats.

For comparison, NF and sorbic acid were fed to rats for various length of time. 
It was noted that Furylfuramide was most effective in inducing hypertrophy of 
the liver cells among these three compounds, and followed by NF and sorhic acid. 
Although there was no remarkable increase of liver weight, the rat fed on control 
diet for more than 12 months also showed the same histology of hypertrophy as 
shown in Fig. 5 almost without exception.

In the present experiments, no atrophy nor degeneration of the testis (Ribelin 

1963) in rats and mice was caused by administration of Furylfuramide, and the 
results confirmed the previous report (Prior and Ferguson 1950, Nelson and 
Steinberger 1952, Paul et al. 1953, Nissim 1957, Montemurro 1960, Miyaji et al. 
1964) on the effect of Furylfuramide and related 41 compounds on spermatogenesis. 
No atrophy was also observed in the testis of monkeys fed on Furylfuramide diet 
at a concentration of 8.5 mg/kg body weight for 8 months, and dogs at the same
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concentration for more than 10 month, which will be reproted later. However, 
Miyaki and his associates (Miyaki et al. 1968, 1969a, b) observed atrophy of the testis 
of Sprauge-Dalwey strain rats by administration of Furylfuramide. This might be 
due to difference in strain. As Donryu and Wistar rats were exclusively used 
in the present experiments, further study along this line is needed.

Concerning other organs, rats fed on Furylfuramide diet for short and long 

periods of time did not show any lesion due to Furylyfuramide feeding. 
However, hyperplasia and inflammation of the prostate and chronic pyelonephritis 

as observed in animals of old age were often noted, particularly in long-term 

experiments.

Although carcinogenicity of Furylfuramide was not noted, tumors of various 
sites developed in mcie fed for two years. There was no difference of tumor 

incidence between the control group and Furylfuramide group, but it was not 

proper to make further inferences on tumorigenicity of Furylfuramide. Ito et 
al. (1969) and Tsubura et al. (1967) noted the development of spontaneous tumors 

in ICR mice which survived 600 and 300 days respectively. The incidences were 

not so high as observed in the present experiment. It might be more suitable to 

use mice of low incidence of spontaneous tumors such as C57B1 in a long term 

experiment.

In addition to these observations, as rats and mice fed on 0.0125% Furyl
furamide diet could live for two years and there was no difference from the 
control animals in weight of liver and survival rate, this concentration was 
considered to be approximately the maximum tolerable and safe dose as a food 
additive.
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Fig. 1. Liver of the rats fed 0.2% Furylfuramide diet for 15 weeks showing hypertrophic 
liver cells with clear cytoplasm and enlarged nuclei in the central and midzonal 

portion of lobules.

Fig. 2. Rat fed 0.0125% Furylfuramide diet for two years. No macroscopical change 
was noted in organs of thoracic and abdominal cavities.

Fig. 3. Rat fed control diet for two years. No macroscopical lesion was noted.

Fig. 4. Liver of the rat fed 0.0125% Furylfuramide diet for two years. It shows 
hypertrophic liver cells similar to Fig. 1 and to rats fed Furylfuramide for a short 

period of time, but no alteration of lobular structure.
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Fig. 5. Liver of the rat fed control diet for two years, which shows hypertrophic liver cells 

around the central veins.

Fig. 6. Kidney of the rat fed 0.0125% Furylfuramide diet for two years. No lesion in 

glomeruli and tubules is noted.

Fig. 7. Kidney of the rat fed control diet for two years. Slight sclerotic change of 

glomerular tufts is noted.

Fig. 8. Testis of the rat fed 0.0125% Furylfuramide diet for two years. Normal 
appearance of spermatogenesis is noted.



Toxicity of Furylfuramide 367



368 T. Miyaji

Fig. 9. Testis of the rat fed control diet for two years. No atrophic change of spermato

genesis is noted.

Fig. 10. Liver of the mouse fed 0.05% Furylfuramide diet for two years showing slight 
hypertrophy of liver cells. No derangement of lobular architecture is noted.

Fig. 11. Liver of the mouse fed 0.0125% Furylfuramide for two years showing hypertro

phic liver cells.

Fig. 12. Liver of the mouse fed control diet for two years showing hypertrophic liver

cells.
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