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Abstract--A toxicological investigation was carried out in order to repeat and extend the find- 
ings of Bukhman (Vop. Pitan. 1962, 21, 68) concerning the toxicity of propyl gallate in fasting 
rats. Rats were given a diet containing 0.002 or 0.004 % propyl gallate or c~-tocopherol. After 13 
wk some of the animals were sacrificed, while the remaining rats were placed on a partial 
starvation diet until death. The survival time was recorded. Chemical determinations of water, 
protein and fat content were made on the sacrificed animals as well as on those that died. No 
difference in survival time or in protein and fat utilization was found between the control 
groups and the groups which received propyl gallate or ~-tocopherol. The results of Bukhman 
could not be confirmed. 

I N T R O D U C T I O N  

Propyl, octyl and dodecyl gallates are extensively used as antioxidants in fats. On the basis 
of detailed toxicity studies, an acceptable daily intake for man of 0-0.5 mg gallates/kg body 
weight was estimated by the Joint  F A O / W H O  Expert Committee on Food Additives (1965). 

Our at tent ion has been directed to an unconvent ional  approach to toxicity testing. In  a 
study by Bukhman (1962) rats were fed for 13 wk on a diet conta in ing 15 ~ fat to which was 
added 0.02 ~o propyl gallate, a concentrat ion equivalent to 0.003 ~ of the total diet. After 
this period, the rats were placed on a partial starvation diet unt i l  death. At the end of the 
first period, several animals were sacrificed and the fat and protein content  of their bodies 
determined. Animals  which died during the fasting period were treated in a similar manner .  
From Bukhman ' s  results it appeared that the average survival time of the animals was con- 
siderably reduced by the propyl gallate, from 26-8 days in the control group to 14.7 days in 
the experimental group. According to the author,  the control animals utilized their body fat 
and proteins better than the animals which had been fed propyl gallate. It was postulated 
that the oxidation processes in the organism were inhibited by the ant ioxidant  and that this 
resulted in an incomplete utilization of the body fat and protein. To study the value of this 
type of toxicological investigation, a comparative investigation has now been carried out, in 
which propyl gallate and a-tocopherol were tested. 

*Publication of this paper has been agreed upon because the work upon which it is based arose from the 
following comment by the Joint FAO/WHO Expert Committee on Food Additives (1965, p. 25): " . . .  The 
results of the experiments involving partial starvation are of great interest and indicate a higher toxicity 
of propyl gallate than the other studies. Evaluation of these experiments is difficult, however, in the 
absence of comparable studies with other food additives . . . .  " By demonstrating that the claims made by 
Bukhman could not be substantiated, the authors have shown that cruel and unphysiological experiments 
which involve starving animals to death have little scientific merit and absolutely no justification as a 
method of safety evaluation--Editor. 
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EXPERIMENTAL 
Materials. Propyl gallate was obtained from Chemische Fabriek "Naarden",  Naarden, 

The Netherlands, and a-tocopherol from Hoffmann-La Roche, Basel, Switzerland. Fresh 
lard was obtained weekly from the slaughterhouse and melted down. 

Animals and diets. Six groups of Wistar rats (initial body weight 40-60 g) were used in 
the experiment. The control lard group consisted of 30 male and 30 female rats which 
received 15 % lard in a diet containing 59 ~o whole-wheat flour, 25 ~ skim-milk powder and 
1 ~ salt mixture. Four other groups, each consisting of 15 male and 15 female rats received 
the same diet to which 0-002 or 0 .004~ propyl gallate or a-tocopherol was added. In 
Bukhman's experiment only one dietary level of propyl gallate (0.003 ~ )  was used. In the 
present study, an additional control group containing !5 male and 15 female rats was in- 
eluded for purposes of comparison. These animals (control WMS group) received a standard 
diet consisting of 66 ~ whole-wheat flour, 33 ~ whole-milk powder and 1 ~ salt. 

Methods. For histopathological studies, organs and tissues were fixed in 4 ~ formalin. 
Paraffin sections were stained with haematoxylin and eosin; frozen sections were used for 
Oil Red O staining. The test of Wilcoxon (1945) was used for statistical calculations, unless 
otherwise stated. 

Feeding study and analyses. During the first 13 wk, tapwater and diets were given ad lib. 
and growth and food intake were recorded. At the end of this period, I0 males and I0 females 
from the control lard group and 5 males and 5 females from each of the other groups were 
sacrificed. The liver, kidneys, heart, spleen, thymus, adrenals, thyroid, pituitary, pancreas, 
brain, uterus, ovaries, testes and prostate were weighed. Histopathological studies of the 
organs of the rats of both control groups and of the groups on 0.004 ~ propyl gallate and 
0-004~ tocopherol were carried out. Blood was taken for haemoglobin estimation and 
erythrocyte and leucocyte counts. The protein content of the liver was determined. Organs, 
head, tail, feet and skin were removed and the rest of the carcass was packed in a sheet of 
plastic and frozen at --20°C. The frozen carcass was ground in a meat mincer and weighed. 
A small part was taken out for a protein determination and the rest was dried to constant 
weight at a temperature of about 90°C, in order to determine the water content. A part of  
the ground dried carcass was used for fat determination by petroleum ether extraction in a 
Soxhlet apparatus. The protein content of the liver was estimated after homogenization of 
about 60 mg in water and that of the ground carcass after homogenization of 60 mg in 
N-NaOH solution. The homogenates were subjected to protein determination by the 
method of Lowry, Rosebrough, Farr & Randall (1951). 

Starvation and analyses. After 13 wk, the remaining animals were placed in individual 
cages on a fat-free diet having 20 ~ of the calorific value of the normal mean daily food 
intake for male rats. Each animal received 3.5 g food/day, and the animals were maintained 
on this diet until they died. The survival time of each rat was recorded and the same chemical 
determinations were carried out as on the sacrificed rats. 

Recovery period. After 9 wk on the partial starvation diet (22 wk from the beginning of 
the experiment), the surviving animals were fed the control WMS diet ad lib. to detect any 
eventual difference in recovery between the groups. These animals were sacrificed 2 or 4 wk 
later and haematological and chemical analyses were carried out. 

RESULTS 
Growth, food intake, haematology and organ weights 

During the first 13 wk, growth and food intake of the animals receiving antioxidants did 
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FIG. 1. Growth curves of female rats during a feeding period of 13 wk, a subsequent partial starvation 
period of 9 wk and a recovery period. Numbers of animals: wk 1-13, at least 30; wk 13-22, 20-3; wk 22-26, 
3 or 4. ©, control lard group; 0, 0.002 + 0.004 ~o propyl gallate groups; ,t, 0.002 q- 0.004 ~ ~-tocopherol groups. 

not differ significantly from those of the control groups. In  Fig. 1 the growth curves of the 
female control rats and female rats on propyl gallate and on a-tocopherol are given. It  is 
clear that these animals did not  show any difference in growth. The same was the case for the 
male animals. The partial starvation diet, starting after 13 wk caused a rapid weight loss in 
all groups. After a 9-wk fasting period, the 1 male and 13 females still alive were placed on 
the control WMS diet. The body weight of these rats recovered rapidly. No significant 
differences in the blood composit ion or in organ weights relative to body weight or heart 
weight were found that could be ascribed to the administrat ion of the antioxidants.  

Survival time after fasting 

A striking difference in survival time was found between male and female rats. Since there 
was no difference between the two dose levels ofant ioxidants ,  data from the groups receiving 
0.002 and 0.004Yo propyl gallate were combined for statistical calculations. The same was 
done for the groups receiving 0.002 and 0 .004~  a-tocopherol. The difference in survival 
time between males and females was statistically significant for the control  and the toco- 
pherol groups (P<0 .05)  and for the gallate groups (P<0.01) .  In  Table 1 the cumulative 
percentage mortali ty after varying periods on the partial starvation diet is given for male 
and female animals. 

Table 1. Effect of prior administration of antioxidants on cumulative percentage mortality of rats daring a 
period of partial starvation 

Cumulative mortality (~)  at day* 

Diet 15 20 25 30 40 50 65 

Males 
Control lard 5 25 55 80 95 100 100 
Gallate (both levels) 14 57 67 81 86 90 95 
Tocopherol (both levels) 15 40 70 95 95 100 100 
Control WMS 0 50 70 80 I00 100 I00 

Females 
Control lard 5 35 45 65 65 85 85 
Gallate (both levels) 0 26 42 42 42 74 84 
Tocopherol (both levels) 5 30 35 60 75 85 85 
Control WMS 10 30 50 50 60 60 60 

*From beginning of starvation period. 
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The data given in Table 1 do not show a clear difference between the rats of the control 
groups and the rats that had received propyl gallate or a-tocopherol in their diet. Most of 
the animals died in the first 15-30 days after the beginning of the fasting period, but there 
was a large variation. After a 9-wk fasting period, 14 animals were still alive and it was 
therefore difficult to calculate a mean survival time. An attempt was made to do this by 
giving the surviving animals an arbitrary survival time of 65 days, since from that time on 
they were placed on a normal diet. The results of this calculation are presented in Table 2 
and show no statistically significant difference between the groups for either sex. 

Table 2. Effect o f  antioxidants on "'mean survival time" o f  rats during fasting 

Males Females 

Mean survival Mean survival 
time time 

Diet Death rate (days) Death rate (days) 

Control lard 20/20 26.0 17/20 32-6 
Gallate, 0"002~o 11/I 1 21-2 8/9 40-8 
Gallate, 0"004 ~o 9/10 28.1 8/10 38.0 
Tocopherol, 0.002% 10/I0 24.3 8/10 37.3 
Tocopherol, 0.004°,/0 10/10 20.9 9/10 27.2 
Control WMS 10/10 22-6 6/10 40.0 

Chemical analyses 
Animals sacrificed after 13 wk. The water, fat and protein content of the carcasses as 

well as the protein content of the liver are summarized in Table 3. The results, except in the 
case of the liver, are expressed as percentages of the minced carcass. 

Animals dying during fasting. In all rats that died during the fasting period the same 
chemical analyses were carried out as in the rats that were sacrificed after the 13-wk feeding 
period. The results are given in Table 3. When these results are compared with those of the 
rats that were sacrificed before the fasting period, a statistically significant difference 
(P<0-001 in all cases) in body weight and water and fat content of the animals is apparent. 
The decrease in body weight was considerable, averaging 43.9 % for the males and 42"5 % 
for the females, and became more pronounced with longer survival. With Spearman's rank 
correlation test (Jonge, 1963) a significant negative correlation (P<0.01) was found between 
the survival time and the body weight for both male and female rats when data for all groups 
were combined. 

Animals sacrificed after recovery. One male and 13 female rats still alive after the 9-wk 
fasting period were placed on the control WMS diet. From Fig. ! it is clear that the body 
weight recovered rapidly. Half  of the animals were sacrificed after 2 wk and the rest after 4 
wk. The same chemical analyses were carried out as in the other groups of rats. Since there 
appeared to be no difference (except in body weight) between the animals sacrificed after 2 
or 4 wk, the results have been combined in Table 3. 

These results show that a normal food intake for 2 wk is sufficient to restore the water and 
fat content of the rats to the same level as before the fasting period. Only the animals of the 
control WMS group had a tendency to a higher fat and a lower water content than before. 
The weight gain after 2 wk was 69 % for the control WMS group and averaged 42 % for the 
other groups. After 4 wk these figures had increased to 83 % and 74 % respectively. The 
organ weights and haematological findings did not show any deviations. 



ANTIOXIDANTS AND RAT SURVIVAL DURING FASTING 29 

Table 3. Water, fat  and protein content o f  the rats at various stages o f  the test 

Diet 

Carcass Liver 
Body 

No. of weight Water Fat Protein Protein 
animals (g) (~/o) ( ~ )  ( ~ )  (~o) 

Males 
Control lard 
Gallate, 0.002% 
Gallate, 0.004% 
Tocopherol, 0.002% 
Tocopherol, 0.004 % 
Control WMS 

Females 
Control lard 
Gallate, 0.002 ~/o 
Gallate, 0.004 % 
Tocopherol, 0.002 % 
Tocopherol, 0.004 
Control WMS 

Males 
Control lard 
Gallate, 0.002 
Gallate, 0.004 
Tocopherol, 0.002 
Tocopherol, 0.004 
Control WMS 

Females 
Control lard 
Gallate, 0.002 % 
Gallate, 0.004% 
Tocopherol, 0.002 ~o 
Tocopherol, 0.004% 
Control WMS 

Al~nmls sacrificed after 13 wk 
10 280 67.3 6'21 19.7 22"8 
5 284 67'4 4"94 21"0 23"9 
4 301 67'8 5" 15 20"0 21 "4 
4 289 68"0 5"75 19-5 20"5 
5 285 67"4 6"05 19"7 20"7 
5 302 67"4 6"55 19"3 20"9 

10 194 67.2 7-62 19"9 22.2 
5 205 65"1 7.63 19.7 22"1 
5 206 64-7 9"09 21"0 22"5 
5 206 64.5 8"79 18-7 20.6 
5 196 66"0 7.62 19"6 21 "0 
5 199 65"5 7.94 18.4 21-4 

Animals dying during fasting 
19 161 70'8 0.34 17-6 20"8 
11 175 71 "1 0-29 18.0 19.7 
9 150 71"1 0"33 18"1 19-8 

10 152 70.4 0.34 19-4 19"9 
10 159 70"4 0"33 18.7 21.1 
10 171 70.3 0'32 19"1 21.6 

17 
8 
8 
8 
9 
6 

Control lard 3 
Gallate (both levels) 4 
Tocopherol (both levels) 3 
Control WMS 4 

Anlmrtlq 

122 69"9 0"38 18.3 20.8 
107 70"2 0.48 17"2 21.5 
116 69"6 0.41 18.6 21"0 
111 70.0 0.47 17.8 21-7 
117 70.4 0.44 18-3 21.6 
116 69.4 0.38 19-6 21"4 

sacri f iced a f ter  recovery  

- -  65"9 7"48 18"0 21"I 
- -  65"3 9"51 19"0 21"0 
- -  66"1 7"38 19"6 20"8 
- -  63"0 12-79 20"4 20"0 

In any given period, no statistically sitmificant difference was found between the groups for any of the 
determinations made. 

H i s t o p a t h o l o g y  

Extens ive  h i s topa tho log ica l  e x a m i n a t i o n s  were  car r ied  ou t  on  all  the  o rgans  and  tissues 

which  were  weighed,  except  the  b ra in  and  the  thymus .  T h e  digest ive  t rac t  and  the  b l a d d e r  

were  also s tudied.  Because  m a n y  o f  the  fas t ing  an ima l s  d ied  du r ing  the  night ,  a m a r k e d  

autolysis  was f o u n d  in the  tissues o f  these an ima l s ,  especial ly  in the  digest ive  t ract .  Al l  

an imals  which  died du r ing  the  s ta rva t ion  pe r iod  were  ex t remely  cachect ic  and  m o s t  o f  t h e m  

showed  oedema .  

Ne i t he r  the sacrificed an imals ,  n o r  those  which  d ied  af ter  fas t ing  showed  any  pa tho log i ca l  

changes  which  cou ld  be a t t r ibu ted  to  the  t r e a t m e n t  wi th  an t iox idants .  
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DISCUSSION 
This experiment was carried out in order to repeat and extend a toxicity study with 

propyl gallate carried out by Bukhman (1962). In his experiments, animals given propyl 
gallate in their diet showed a reduction in weight gain and delayed development. During 
partial fasting the rats receiving propyl gallate failed to utilize their body fat and protein 
adequately and succumbed at an earlier date. Bukhman found a mean survival time of 14.7 
days for these groups and of 26.8 days for the groups not receiving propyl gallate. He used 
only male animals. 

In our experiment, rats of both sexes were used. It appeared that the survival time for 
female animals was longer than that for male animals. In fact there were 13 females and 1 
male still alive 9 wk after the beginning of the starvation period. When these animals were 
given an arbitrary survival time of 65 days, an average of 23-9 days was found for the male 
animals of all groups and 36-1 days for the females. No difference in survival time was 
observed between the control and test groups. The longer survival of the female animals can 
probably be explained by the fact that the starvation diet (20 ~o of the calorific value of the 
normal daily food intake) was based on the food consumption of the male animals. The 
females were given the same quantity of food, although they normally need less food than 
the males. 

The determination of the water, fat and protein content of the carcasses did not show any 
differences between control and treated animals. Animals that died during the partial 
starvation period had a significantly higher water content than the animals sacrificed after 
the 13-wk feeding period. This was possibly due to starvation oedema. The fat content of the 
animals that died was significantly lower than that of the sacrificed animals. There was no 
difference in fat content between the animals that died 10-15 days after the beginning of the 
starvation period and those dying after more than 40 days starvation. Obviously the fat was 
utilized quite rapidly at the beginning of this period in spite of the administered antioxidant, 
but a very small amount, less than 0-5 ~ ,  always remained. 

The protein content of the rats showed a tendency to be lower in the animals dying during 
the starvation period than in the sacrificed animals, especially when they survived more than 
40 days, but the difference was not significant. The protein content of the liver was not 
affected by fasting. 

In contrast to Bukhman's postulation, our biochemical analyses did not show that rats 
fed diets containing propyl gallate use their fat and protein resources less effectively than 
the controls. In no case was there a significant difference in fat or protein content between 
the groups. Possibly this can be explained by the fact that Bukhman expressed his results in 
terms of absolute amounts of protein and fat and not as percentages of the body weight. 

We have found a strongly negative correlation between survival time and body weight. In 
Bukhman's paper no body weights were given, but since our results indicated a relatively 
constant protein content of 20 ~o for all rats, we can calculate from his figures the body 
weight before fasting and when the animals died. In this way we have also calculated the 
weight loss of his animals when they died, and found for the groups without propyl gallate a 
mean value of 33-5 9/o and for the groups receiving fats containing 0.02 ~o propyl gallate a 
mean value of 21.9 9/o . 

In our investigation a loss in body weight of 43.9 9/o for the males and 42.5 ~ for the 
females was found. It seems that in our test, animals consuming antioxidants utilized their 
protein more effectively than the animals on a gallate-free diet in Bukhman's study. Since no 
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pa tho log ica l  f indings were  r epor t ed  by B u k h m a n ,  it is no t  k n o w n  why  the an ima l s  wi th  

propyl  gal la te  in thei r  fat  d ied when  they  had  lost  only  21.9 ~ o f  their  b o d y  weight .  

O u r  conc lus ions  on p ropy l  gal la te  also apply  to a - tocophero l ,  since, as the  tables  and 
figure show, the results for  the two  c o m p o u n d s  are  c losely c o m p a r a b l e .  

Since we cou ld  n o t  conf i rm B u k h m a n ' s  results,  it has been conc luded  tha t  this type  o f  

s tudy makes  no  useful con t r i bu t i on  to  the tox ico log ica l  inves t iga t ion  o f  an t iox idan t s  o r  o t h e r  

substances.  

R E F E R E N C E S  

Bukhman, N. D. (1962). Der Einfluss des Propylgallat-antioxydants auf den N~hrwert des Fettes. Vop. 
Pitan. 21, 68. 

Joint FAO/WHO Expert Committee on Food Additives (1965). Specifications for Identity and Purity and 
Toxicological Evaluation of some Antimicrobials and Antioxidants. WHO/Food Add./24.65; FAO Nutr. 
Meet. Rep. Ser. No. 38A. 

Jonge, H. de (1963). hdeMing tot de Medische Statistiek. 2nd ed. Part I, p. 305. Nederlands lnstituut voor 
Praeventieve Genecsktmde, Leiden. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, R. J. (1951). Protein measurements with the Folin 
phenol reagent. J. biol. Chem. 193, 265. 

Wilcoxon, F. (1945). Individual comparisons by ranking methods. Biometr. Bull. 1, 80. 

Influence du gallate de propyle et de l'Q-tocoph/~rol sur la dur6e de survie des rats 
pendant le jefme 

R6sumt~-Une 6tude toxicologique a 6t6 conduite afin de reproduire et de compl6ter les don- 
n6es de Bukhman ( Vop. Pitan., 1962, 21, 68) en ce qui concerne la toxicit6 du gallate de propyle 
chez les rats soumis au jefme. Des rats ont re~u un r6gime contenant 0,002 b. 0,004 ~. de gallate 
de propyle ou d'g-tocoph6rol. Au bout de 13 semaines, certains de ces animaux ont 6t6 saeri- 
fi6s, les autres 6tant mis sous un r6gime de famine partielle jusqu'/X leur mort. On a relev6 la 
dur6e de leur survie. On a proc6d6 ~t des dosages le l'eau, des prot6ines et des lipides aussi bien 
chez les animaux sacrifi6s que chez ceu.x qui sont morts. On n'a trouv6 aucune diff6rence quant 
h la dur6e de survie ou ~ l'utilisation des prot6ines et des lipides entre le groupe t6moin et 
celui auquel 6tait administr6 le gallate de propyle ou l'ct-tocoph6rol. On n'a pas pu confirmer 
les r6sultats qu'avait obtenus Bukhman. 

Der Einfluss von Propylgailat und ~-Tocopherol auf die Uberlebenszeit von 
Ratten w~ihrend des Fastens 

Zusammenfassung--Es wurd.e eine toxikologische Untersuchung durchgef'tihrt, urn die Ergeb- 
nisse yon Bukhman (Vop. Pitan. 1962, 21, 68) hinsichtlich der Toxizit~t yon Propylgallat in 
fastenden Ratten zu wiederholen und zu ergLnzen. Ratten erhielten Futter mit einem Gehalt 
von 0,002 oder 0,004 ~ Propylgallat oder ct-Tocopherol. Nach 13 Wochen wurden einige Tiere 
get6tet, wLlarend die verbleibenden Ratten ein zum Tode fi.ih.rendes unzureichendes Futter 
erhielten. Die 0berlebenszeit wurde bestimmt. Chemische Bestimmungen des Wasser-, 
Protein- und Fettgehalts wurden an den get/Steten und an den verendeten Tieren durehgefiJhrt. 
Hinsichtlich der Oberlebenszeit oder der Protein- trod Fettverwertung wttrde kein Unterschied 
zwischen den Kontrollgruppen und den Gruppen festgestellt, die Propylgallat oder ct-Toco- 
pherol erhielten. Die Ergebnisse von Bukhman konnten nicht best~itigt werden. 


