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ABSTRACT

This study was designed to study the possible
interrelationships between Torula yeast, vitamin E,
and the dietary fat source on aflatoxin-induced
tumors. Rats were fed Torula yeast-containing basal
diets which included 1.7 ppm aflatoxin B; with
either lard, corn oil or no fat, and with or without
vitamin E supplements for 3 months. Thereafter, the
respective diets without aflatoxin were fed for ca.
9 months. Animals receiving the vitamin E-deficient
diets had a high mortality. Although the vitamin E-
deficient, aflatoxin-treated rats had lower wt gains
than did the vitamin E-deficient controls, they lived
twice as long. In addition, regardless of the dietary fat
source, the kidneys and adrenals of these vitamin E-
deficient, aflatoxin-supplemented rats were found to
be significantly heavier than the controls, and plasma
cholesterol levels were elevated. Increased amounts of
liver lipid were observed in response to aflatoxin in
both corn oil-fed and fat-deficient rats. No such dif-
ferences were observed in the responses of the vita-
min E-supplemented groups to aflatoxin. On the corn
oil diet, aflatoxin administration resulted in an in-
creased deposition of polyunsaturated fatty acids in
cholesteryl ester and phospholipid fractions in livers
of vitamin E-deficient rats and the phospholipid frac-
tion of vitamin E-sufficient rats. The vitamin E-
deficient rats exhibited necrosis of the liver, which
was alleviated when aflatoxin was included in the
diet, and calcification of the kidneys, which was
potentiated by the dietary aflatoxin. No tumors were
observed in these animals, In animals maintained on
vitamin E-sufficient diets for 1 year, growth was de-
pressed as a result of aflatoxin administration with
the greatest depression occuiring in the group fed
corn ofl. Spleen wt were decreased in all groups given
aflatoxin. However, there were no changes in either
plasma or liver cholesterol or total liver lipids which
could be attributed to aflatoxin administration. When
aflatoxin was fed with lard, the cholesteryl ester, tri-
glyceride, and free fatty acid fractions of plasma had
decreased amounts of the C20:4 acid. In the choles-
teryl ester fraction only, this change was accom-
panied by increased levels of C16:0, C18:0, and
C18:1 acids. In the liver phospholipids, there were
increased levels of mono- and polyunsaturated fatty
acids and decreases in the saturated fatty acids. All of
the animals receiving aflatoxin exhibited severe necro-
sis and tumor formation in the kidneys; the animals
fed lard had the highest level of involvement and
those in the fat-free group the least. Liver pathology
was the least marked among the rats fed the fatfree
diet. Since aflatoxin-<induced tumors are rich in lipids,
the fat-free diet may be protective to the animal.

INTRODUCTION

Aflatoxicosis has been observed in a wide range of ani-
mal species (1,2), and, in at least three (rat, rainbow trout,
and duckling), carcinogenicity has been demonstrated (3-5).
It also has been recently implicated as a possible etiological
factor in human liver disease in areas where human food-
stuffs have been demonstrated to be subject to contamina-
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tion with the fungus Aspergillus flavus {6,7).

At the present time, the prevention of aflatoxicosis is by
avoidance of contaminated foodstuffs. Because of the
nature of the feed distribution for livestock and the critical
shortage of food supplies for human populations in many
parts of the world, this avoidance is difficult, A more prac-
tical approach to the problem is to determine whether there
are dietary additives or modifications which could increase
either the tolerance or provide resistance to aflatoxin tox-
icity.

In a number of instances, dietary modifications have
been reported to alter the response of experimental animals
to aflatoxin. For instance, diets low in lipotropes (8), as
well as cirrhotic diets (9), have been reported to enhance
the toxic effects of aflatoxin. Varying the protein level in
the diet also has been reported to affect susceptibility te
aflatoxin; diets containing low levels of protein, under cer-
tain experimental conditions, have produced more severe
acute liver pathogenesis in response to aflatoxin administra-
tion (10). Studies by other investigators conceming the ef-
fects of protein quality upon susceptibility of animals to
aflatoxin toxicity have indicated that aflatoxins have a
more potent effect when Torula yeast is included in the
diet as the sole protein source (11). Under these conditions,
Torula yeast has a liver-stressing effect which results in
severe necrosis of the liver and eventually death (12,13).
Torula vyeast is deficient in the sulfur-containing amino
acids, vitamin E, and selenium (14,15); the addition of
vitamin E to Torula yeast rations will alleviate the liver
stressing effect of the Torula yeast completely (12).

In addition, previous work in our laboratory suggests
that responses to aflatoxin may be modified by changing
the type of dietary fat {16). The present study was designed
to determine the effect upon aflatoxin toxicity of a low
quality protein, such as Torula yeast, fed with and without
vitamin E and with different types of dietary fat,

METHODS

The plan of the experiment is shown in Table I. The fat
source is designated either I (lard), Co (corn oil), or F
(fat-free), Aflatoxin-supplemented and control groups are
designated either A or C, respectively, and the presence of
dl--tocopheryl acetate, at a level of 0.01% of the diet, is

TABLE I

Plan of Experiment

Groupd Fat source Aflatoxin (ppm)
11:2 Stripped lard (1)_7
ti}::: Stripped lard + vitamin E (;.7
ggﬁ Stripped corn oil (1).?
ggg;% Stripped corn oil + vitamin E a
%C\ Fat-free (1).’7
gﬁ:ﬁ Fat-free + vitamin E (1),7

3Gee text for definition of groups.
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TABLE 11
Diets
Groups?
L Co F
Nutrient %) (%) (%)
Torula yeast 30 30 30
Sucrose 61 61 66
Lard, stripped 5 - -
Corn oil, stripped - 5 -
Salt mix% 4 4 4
Vitamin mix® .25 .25 .25

aSee text for definition of group.

bWesson modification of Osborne-Mendel formula (17).

CV}tamip mix supplied the following in mg/100 g diet: p-amino-
benzoic acid, 50; inositol, 50; ascorbic acid, 100; thiamin, §; Ca
panfothenate, 8; niacin, 10; B triturate, 6; riboflavin, 3; pyri-
doxine, 3; crystalets (500 international units vitamin A and 50 inter-

ga;ional units vitamin D/mg), 5; folic acid, 1; menadione, 5; biotin,
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. _FIG. 1. Growth summary of groups of rats on various diets sac-
rificed after 4 and 10 weeks on diets. See text for definition- of
groups,

indicated by E. Pure, crystalline, synethetic aflatoxin B,
was administered at the 1.7 ppm level for 3 months to
male, weanling rats of the former USC strain, after which
the animals were maintained on control diets without afla-
toxin for 9 months. At the beginning, all groups included
10 rats, however, high mortality (50%) among the
vitamin E-deficient rats forced their premature sacrifice
after 4-10 weeks on the diets. At this time, half of the
vitamin E-supplemented rats also were sacrificed for pur-
poses of comparison.

The diets used (Table II) were similar to those used by
other investigators in studies utilizing Torula yeast (1,2) but
differ in that the salt and vitamin mixtures are those nor-
mally used in our laboratory, since the vitamin mixture
used by other investigators proved to be inadequate for the
health and well-being of our animals.

Growth and mortality throughout the experimental
period were observed and recorded. At the time of sacrifice,
the various organs were weighed and examined grossly for
pathology and slices of normal tissues (liver, heart, spleen,
kidneys, testes, and stomach), as well as tumors, were sub-
jected to histopathological examination. Lipid extracts of
plasma and liver were analyzed for cholesterol (18), and
total lipid content of liver was determined gravimetrically.
The extracted lipids of plasma and liver were separated into
three major fractions using thin layer chromatography,
transmethylated, and subsequently analyzed atilizing gas
?;lgu)ld chromatography, as has been described previously

RESULTS
Wt gains of the animals achieving 50% mortality between
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FIG. 2. Growth summary of rats on various diets sacrificed
after 1 year. See text for definition of groups.

4-10 weeks of age and their vitamin E-supplemented coun-
terparts are shown in Figure 1. Surprisingly, the vitamin E-
deficient, aflatoxin-supplemented rats took twice as long to
reach 50% mortality as did the vitamin E-deficient animals
which received no aflatoxin. At present, we have no expla-
nation for this phenomenon. In all groups receiving
vitamin E in the diet, growth was markedly better than in
the rats fed vitamin E-deficient diets, and there was no mor-
tality even when aflatoxin was present in the diet.

The rats which were continued on vitamin E-supple-
mented diets up to 1 year, exhibited growth patterns
(Fig. 2) which were different from those observed at the
time of earlier sacrifice. As before, aflatoxin-supplemented
animals had poorer wt gains than did the controls. Diets
containing corn oil resulted in the most pronounced wt
differences between control and experimental animals, In
fact, these rats when exposed to aflatoxin showed no bet-
ter growth than did those rats fed the fat-free diet.

Histopathological examination of the tissues of rats
sacrificed early in the experiment revealed varying degrees
of necrosis of the liver among the vitamin E-deficient rats.
This was expected from the Torula yeast feeding; however,
the necrosis was not as severe when aflatoxin was included
in the diet which may be responsible for the increased lon-
gevity of these animals. There was no liver necrosis among
any of the vitamin E-supplemented rats sacrificed at this
time. Aflatoxin administration failed to produce tumors in
these animals, since the time of exposure to the experi-
mental diets was very short.

Slight to moderate calcification of the kidneys and
necrosis and atrophy of the testes were noted among the
vitamin E-deficient, nonaflatoxin-supplemented animals;
these effects were enhanced by the presence of aflatoxin in
the diet. None of the groups of vitamin E-sufficient rats
exhibited histological abnormalities in kidneys or testes,
whether or not aflatoxin was administered. Qther tissues
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which were examined but demonstrated no pathology in-
cluded spleen, stomach, adrenals, hearts, and aortas.

Histopathological examination of the tissues of the
vitamin Esupplemented rats which were sacrificed after
1year clearly showed severe kidney involvement, e.g.
necrosis and tumors, in all aflatoxin-fed animals; the rats
fed lard had the most extensive involvement, whereas those
on fat-free diets the least. It was also apparent that liver
tumor formation was least severe among those animals fed
the fat-free diet. Although data are not available concerning
the efficiency of absorption of aflatoxin when it is fed in
very minute quantities, it is possible that the presence of fat
in the diet may enhance the absorption of aflatoxin from
the gut.

In Table 111, it can be seen among the vitamin E-deficient
rats that the wt of kidneys and adrenals were signifi-
cantly greater, both absolutely and relatively, in the afla-
toxin-supplemented rats. This finding may be due to the
increased degree of calcification in the kidneys and to the
added stress imposed on the adrenals during active detoxifi-
cation of the aflatoxin. This reponse to aflatoxin was not
observed in the animals receiving vitamin E which were
killed either at the same time as the vitamin E-deficient rats
or after 1 year on the diets. The vitamin E-sufficient rats
which were sacrificed at 1 year all had smaller spleens, both
absolutely and relatively, as a result of aflatoxin supple-
mentation regardless of diet.

Of particular interest is the fact that none of the afla-
toxin supplemented rats in this study had enlarged livers.
Ordinarily, among rats of this strain, aflatoxin administered
at 1.7 ppm for a similar length of time produces livers
which are 2-4 times normal size. This increase in size is a
reflection of the severity of tumor formation. In this study,
livers were not enlarged and tumor formation in the livers
not as extensive as has been observed in previous aflatoxin
studies in our laboratory (16,18,19). The reason for this is
not clear, although it appears that the poor quality protein
used in the diets might be responsible.

Among the vitamin E-deficient rats, plasma cholesterol
levels were elevated significantly when aflatoxin-
supplemented diets were either fat-free or contained lard as
the fat source (Table 1V). In the corn oil-fed animals, no
elevations in plasma cholesterol were observed. Rats fed
diets supplemented with both vitamin E and aflatoxin and
sacrificed at the same time as the vitamin E-deficient
aflatoxin-supplemented animals did not have elevated plas-
ma cholesterol levels,

Increased total lipid concentrations in the liver were ob-
served in response to aflatoxin when animals deficient in
vitamin E were fed corn oil diets (Table IV). In addition,
there were no marked changes in liver cholesterol levels in
any group which could be attributed to either aflatoxin
feeding or vitamin E supplementation.

In the rats fed vitamin E-supplemented diets sacrificed
after 1 year, there were no changes in plasma or liver cho-
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TABLE 1iI

Organ Wt of Vitamin E-Deficient Rats Sacrificed at 50% Mortality

Kidney Adrenals

As % As mg %
Group? g body wt mg body wt
LC 1.20 £ .30 0.9 17.8+ 7.9 14
LA 1.80 .21 1.5 39.1 £ 15.0 31
CoC 1.21 .24 1.1 22.2% 6.7 21
CoA 1.90 % .60 1.6 32.1% 3.1 27
FC 1.09 ¢ .23b 1.1 16.7* 6.8 17
FA 1,52 % .32b 1.6 26.8% 2.0 28

agee text for definition of groups.

b Al values from A-treated animals are significantly different
from controls, except for kidneys in the fat-free group.

TABLE 1V

Plasma Cholesterol and Total Liver Lipids in
Vitamin E-Deficient Rats Sacrificed at 50% Mortality

Plasma cholesterol Total liver lipid

Group? mg/100 ml mg/g

LC 44.6 = 5.10 30.8% 6.3
LA 69.6 + 13.4 31.3% 6.1
CoC 57.2 % 5.0 11.0+ 8.4b
CoA 61.9+ 5.4 26,4+ 4.4b
FC 56.6 % 9.3b 1592 8.3
FA 73.9 = 14,8 24.6 £ 12.6

agee text for definition of groups.
bSuperscripts indicate significant differences at p<.05.

lesterol or in total liver lipid levels in response to aflatoxin
administration. Although the total liver lipid in the animals
on vitamin E-deficient diets with aflatoxin were higher than
those fed the ration without aflatoxin, the liver lipids in all
of these groups were still lower than what is normally ob-
served in our rats fed a stock laboratory ration, e.g. ca.
40 mg/g (18). Since the liver is normally capable of syn-
thesizing lipid in large gquantities, it may be that some com-
ponent of the Torula yeast basal ration interferes with some
aspect of lipid metabolism, such as fatty acid biosynthesis
and transport, and this, in turn, may play a role in the
response of the vitamin E-deficient rat to aflatoxin.

In Table V are shown the fatty acid patterns in the
cholesteryl ester fraction of livers of the vitamin E-deficient
animals, Among those rats fed either the fat-free or lard
diets, few changes occurred as a result of the aflatoxin ad-
ministration. However, when corn oil was fed, aflatoxin
administration resulied in increased content in liver of
C18:0 and C20:4 and a corresponding decreased concentra-
tion of C16:0. These changes were not observed in any of
the vitamin E-supplemented rats.

TABLE V

Major Fatty Acids of Liver Cholesteryl Esters of Vitamin E-Deficient Rats Sacrificed at 50% Mortality

Fatty acid (%)

Group? 16:0 18:0 18:1 20:4
1C 25.6 £ 2.0 18.0 £ 3.5 23.9 £ 2.7 8.9+ 7.1
LA 247 £ 4.0 14.1 £ 5.4 25.6 £ 6.8 13.0 £ 2.4
CoC 34.6 + 3.40 7.7 + 0.5b 25.2 + 6.6 4.3 £ 4.4
CoA 27.3 £ 2.2b 16.4 * 4.3b 19.9 + 2.6 13.0 £ 4.5b
FC 25.6 % 1.0 15.5 £ 4.0 21.8 % 6.2 14.9 3.9
FA 22.6 £ 4.6 14.1 % 5.9 30.8 £ 7.0 8.5+ 6.9

aSee text for definition of groups.

bSuperscripts indicate significant differences at p<.05.
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TABLE V1
Major Fatty Acids of Liver Phospholipids of Vitamin E-Deficient and Sufficient Rats
Sacrificed at 50% Mortality and Vitamin E-Sufficient Rats Sacrificed after 1 Year
Fatty acid (%)
Vitamin E-deficient Vitamin E-sufficient
Group? 18:0 18:2 20:4 18:0 18:2 20:4
LC 21.9 + 3.0 9.4+ 1.2 23.4+2.1 22.8+1.4 9.8+ 1.8 25.6 £ 1.1
LA 21.5 + 0.6 10.7 £ 7.0 23.8+ 0.8 24.6 £ 2.2 10.7 £ 0.3 26.1 £ 2.8
CoC 25.2 £ 2.7 12.1 % 1.1b 18.3+ 6.4 38.8 + 4.4b 10.5 + 3.6 14.1 = 2.8b
CoA 21.2 £ 2.1 15.2 + 1.3b 26.2 £ 3.7 23.2 + 1.4b 14.1 £ 0.9 25.8 + 3.4b
FC 21.4 £ 0.8 10.7+ 1.5 19.8 £ 3.2 18.9 + 4.2 8.1 £0.3 18.3+ 5.5
FA 21.2 + 3.0 10.0 £ 0.8 19.1 £ 3.6 20.6 £ 1.8 9.9+1.3 26.0 £ 0.8
FC 1 year - - - 27.6 £ 7.4 6.8 + 2.5b 14.5 £ 4.3b
FA 1 year - - - 19.0 % 1.5 9.8 +1.8b 23.0 + 4.1b

agee text for definition of groups.
bSuperscripts indicate significant differences at p<.05 within pairs.

TABLE VII

Major Fatty Acids of Pooled Plasma of Rats Fed Lard-Containing Diets and Sacrificed after 1 Year

Fatty acid (%)

Groupd 16:0 16:1 18:0 18:1 18:2 20:4

Cholesteryl esters

LC 9.2 10.0 1.6 14.2 18.1 35.9

LA 15.1 12.4 4.2 30.4 14.2 17.8
Triglycerides

LC 19.7 6.3 4.1 33.3 10.6 9.3

LA 21.4 6.0 5.6 41.2 19.0 2.7
Free fatty acids

LC 22.9 6.2 8.4 30.9 12.3 10.2

LA 20.5 6.9 6.8 33.3 15.4 2.9

a8ee text for definition of groups.

There were no changes in the composition of the fatty
acids of liver triglycerides as a result of aflatoxin adminis-
tration. However, in the phospholipid fraction of liver lipids
(Table VI), of the vitamin E-deficient and vitamin E-
sufficient rats, it was observed that, when corn oil was fed,

aflatoxin administration resulted in increased deposition of
linoleic (C18:2) and arachidonic (C20:4) acids and a de-
crease in stearic acid (C18:0).

There was also a slight, albeit insignificant, increase in
the amount of arachidonic acid in liver phospholipids of
animals on the fat-free, vitamin E-supplemented diets as a
result of aflatoxin feeding. Since the groups exhibiting in-
creased levels of arachidonic acid also had increased levels
of total liver lipid, this increase in polyunsaturated fatty
acid content of the liver would appear to be the result of
increased deposition of polyunsaturates in the liver, as well
as the shifts in their relative concentration.

At the end of 1year, in the rats fed the vitamin E-
supplemented diets, aflatoxin-induced changes in the fatty
acids occured only in the phospholipid fraction of liver
(Table VI} of rats fed the fat-free diet and consisted of
increased levels of arachidonic acid. As also was observed in
the animals killed earlier, arachidonic acid was nearly twice
as high in the aflatoxin-supplemented group as in the con-
trol group.

Among the animals killed after 1 year, changes also were
seen in the composition of plasma fatty acids which were
not observed in the younger animals. Rats fed lard-contain-
ing diets supplemented with aflatoxin had markedly in-
creased levels of oleic acid (C18:1) in the cholesteryl ester
and triglyceride fractions and markedly decreased levels of
arachidonic acid (C20:4) in the cholesteryl ester, triglyc-
eride, and free fatty acid fractions, indicating, perhaps, an
aflatoxin-induced inhibition of enzyme systems which are

responsible for the elongation or desaturation of linoleic
acid (Table VII).

The high incidence of kidney lesions observed in this
study is probably the result of a possible interaction be-
tween the dietary protein of poor biological value with afla-
toxin.

This study has demonstrated that, under different
dietary conditions, there is an altered response, both in
terms of mortality and biochemistry, to aflatoxin adminis-
tration. In addition to the aforementioned variations in
lipid metabolism of rats maintained on the experimental
diets for a year, in short term studies where the animal is
actively engaged in aflatoxin detoxification, aflatoxin ap-
pears to be associated with an unexplained lowering of the
liver necrotizing effect of the vitamin E-deficient, Torula
yeast rations which may, in turn, be associated with the
increased longevity of these rats. At the same time, the
observed changes in the various lipids of plasma and. liver in
response to aflatoxin administration, suggest that the
quality of the dietary protein is of critical importance in
establishing the response of an animal to aflatoxin and also
that interactions between the fat and protein sources in the
diet can alter the animals’ susceptibility to dietary con-
taminants, such as aflatoxin.

ACKNOWLEDGMENTS
Histopathological examinations were conducted by Reuben

Straus, M.D., Department of Pathology, Providence Hospital, Port-
land, Oreg.

REFERENCES

1. Smith, J.W., and P.B. Hamilton, Poultry Sci. 49:207 (1970).
2. Sisk, D.B., and W.W. Carlton, Amer. J. Vet. Res. 33:107
(1972).



MAY, 1975

W

o

11.

. Wogan, G.N., and P.M. Newberne, Cancer Res. 27:2370 (1967).
. Hatver, 1.E., in *“Aflatoxin,” Edited by L.A. Goldblatt, Aca-

demic Press, New York, N.Y., 1969, pp. 265-306.

. Carnaghan, R.B.A., Nature 208:308 (1965).
. Amla, 1., C.S. Kamala, G.8. Gopalakrishna, A.P. Jayaraj, V.

Sreenivasamurthy, and H.A.B. Parpia, Amer. J. Clin. Nutr.
24:609 (1971).

. Shank, R.C., C.H., Bourgeois, N. Keschamras, and P. Chan-

davimol, Food Cosmet. Toxic. 9:501 (1971).

. Newberne, P., A. Rogers, and G.N. Wogan, J. Nutr. 94:331

(1968).

. Newberne, P., D.H. Harrington, and G.N. Wogan, Lab. Invest.
10.

15:962 (1966).

(McLef;n, A.E.M., and E.K. McClean, Proc. Nutr. Soc. 26:XIII
1967).

Todd, G.C., W.I Shalkop, K.L. Dooley, H.G. Wiseman, Amer,

1. Vet. Res, 29:1855 (1968).

12, Schwarz, K., Proc. Soc. Exp. Biok. Med. 77:818 (1951).

WELLS ET AL: FAT, TORULA YEAST AND AFLATOXICOSIS

13.

14.

15,
16.

143

Dicks-Bushnell, M.W., R.L. Andrews, and N.L. Langhrey, Can.
J. Biochem. 46:1023 (1968).

Food and Agriculture Organization, in “*Amino Acid Content of
Foods,” Food Policy and Food Science Service, Nutrition Divi-
sion, United Nations Food and Agriculture Organization, New
York, N.Y., 1972.

Schwarz, K., Vitamins and Hormones 20:463 (1962).
Alfin-Slater, R.B., L. Aftergood, P. Wells, and D. Melnick,
JAOCS 49:306A (1972).

17. Wesson, L.G., Science 75:339 (1932).

18.

19,

Aftergood, L., H.J. Hernandez, and R.B. Aifin-Slater, J. Lipid
Res. 9:447 (1968).

Alfin-Siater, R.B., L. Aftergood, P. Wells, and D. Melnick,
Federation Proc. 31:733A (1972).

[Received August 9, 1974]



