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ABSTRACT

Reports in the hterature concerning the relation-
ship’ of protem nutntlon to aflatoxwosm are contra-
dlctory In’ hn"attempt to elucidate this relationship
more cleariy, we, have examined the effects of low,
fdtem -containing diets on tumor
de logment as well as on several bio-
chemical jndices; in rats. v\{}ueh have been exposed to
low 1evels of:, aﬂatoxm» in-a, chromc rather than

acute srtuatgon., In ouy {study, male weanhng Tats
were place. for 3 monfths! -on;otherwise adequate diets
containing, ert})gr 8, 22, or, 30% casein with. and
without aflatoxin B, at 1. 2 ppm. Haif of the ammals
in each .group, | recelved d;letS whlch were. further
supplemented w;th the amino acrd cystine, at-0.6%
of the diet.. (Sulfur-contalmng amino acids are the
most hmrtugg amino acids in casein, and the addmon
‘of -vsting to the diet serves to improve the biological
quality of the, protein source) After 3 months the
animals were, fed control, diets without aflatoxin until
thevaere kijled at l year. Weight gain was markedly
decreaseq and- hver werghts increased in response to
aflatoxin in all, groups except those on the low
protein diets, where aflatoxm ‘had no effect on these
indices, No tumors were found in the livers of rats fed
the low protem, aﬂat@xm-suppiemented diet. In the
other groups the’ severity of the liver mvolvement
1nareased progressrvely~ w1th mcr;eased protein levels
in the diet; When cystme was included in the diet,
tumors were observed also in the animals fed the low
protein diet; furthermore, the livers of those animals
on “normal” and high protein diets were much more
severely invelved than were-the-Jivers of animals on
non-cystine_ suppiemented diets. Plasma_cholesterol
levels were increased in response to aflatoxin when
the diets cd‘mfalmi’ig ?Za‘nd’“Sﬁ?“protem ‘were fed and
when cystme was Yméluded 15 the 8% protein’ diet.
Liver cholestem’l levefé Were. mqreased in 'response to
aflatoxin irlall: groups except: in those receiving the
low protein—diets:~Among-these-tatter animals; afla-
toxin administration had no effect on liver choles-
terol values. Changes as a -8sult of aflatoxin admin-
istration were also observed in the fatty acid composi-
tion of sterol esters, triglycerides, and phospholipids
of liver and tumor tissue.

INTRODUCTION-

synthesis (4,5). It has also been reported that in shorﬁ-term
expenments susceptibility to rather targe doses. of aﬂatd)tm
was increased when dietary protein was low (6,7). On the
other ‘hand, it has been reported;that monkeys receiving
small daily doses of aflatoxin for extended, periods of. time
were ;morg, resistant, to. aflatoxicosis when-they oyere,gon-
suming lpw protein, diets £8).In a(ddmon studies:oonduycted
in - ou% Iaboratory have suggested that compor?eﬁts of ithe
dretéf *f) teii’ §pirce may. ‘act, ‘ot | mteréct ‘With . other
dletar(ygcompgments to modify. the severlty ‘of. theresponse
to aflatoxin (9-11).

In an attempt to possibly resolve this controversy, we
undeftbbk an investigation' in which-diets containing:low,
“normal,” and high levels. of profein; with' -and without
aflatoxin, were fed to rats,

EXPERIMENTAL PROCEDURES

The,plan of the experiment and the dief used-are:shown
in Tdbles:} and 1l. Male weanling rats of the former,USE
strain.jwere fed:purified. aflatoxin: By (purchased: from
Calbioghemy, La Jolla; CA) at 1.7 ppmy for 3.menths and
were, thereafter fed.a control diéf without. aflatexin yntil
sacrificed -at 1:year.of age. Aflatoxin, dissolved im chlotre-
form was incorporated into the.diet and the solvent;sub-
sequently evaporated. Protein, as casein, was incorporated
at either 8, 22, or 30% of the diets and was added to the
diets at the expense of sucrose, Sincé 22% protein is the
usudl-amount \in our rat. diets, the animals in-this ‘grobp
serve as controls for the groups receiving 8% and 30%
protein diets.

Cystine was also added to some of the diets at the 0.6%

level, since . sulfur-containing amino acids are the most
limiting amino aclds of casein. It has been reported by

others that animals on low protein diets, where casein is the
protein source, develop an.acute hepatic necrosis which is
the résult of cystine deficiency (12).” Since it has been
shown that a-damaged liver i§ more susceptrble {o aflatoxin-
induced tumors (13,14), the ‘question arose: as to whether
improvement . of the casein; By the addition’ of cystine,

Tiipht subsequently altef the tesistance of the rats to afla-

toxin toxicity. No “acute hepanc neéfosls” ‘was observed in
the tais’ fed ‘the low casein diets, ‘dlthough the fact that the
addition of cystine to the diets resulied in improved growth

TABLE 1

Plans of the Experiment

For a number of years, the toxicity of aflatoxin-te
animals, fish, and fowl has been recoghized as a serious
health and economic problem. At present, it is not known
whether man is susceptiblez to aflatoxin-induced tumors,
although there have been several epidemiological studies
which suggest that man is nof immune (1-3).

Since protein deficiency? disease is common in many
developing nations and sxncé the available protem source in
these areas is usually vege,}able protein whrch may be
susceptible to aflatoxin contarmnation it becomes of
interest to determine wheﬂpr the level, and the type, of
protein in the diet affects susceptlblhty to aflatoxin
toxicity. The existing evidefice is controversial. Aflatoxin
has been shown to cause-z marked inmhibition of protein

Group

Protein Aflatoxin Cystine

(%) (ppm) (%)
8 (6)2 8 0 0
8%A (8) 8 1.7 0
8CY (&) 8 ) 0.6
8+A+CY (8) 8 1.7 0.6
22 (6) 22 0 0
22+A (6) 22 1.7 0
22+CY  (6) 22 0 0.6
22+A+CY (6) 22 1.7 0.6
30 (6) 30 0 ]
3G+A (6) 30 1.7 o
30+CY  (6) 30 0 0.6
30+A+CY (6) 30 1.7 0.6

aNumbers in parentheses are numbers of animals in each group.
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TABLEII

Basal Diets

Nutrient 8% Protein 22% Protein 30% Protein

Sucrose 66.75 52.75 44.75
Casein 8.00 22.00 30.00
Salt mixad 4.00 4.00 4.00
Solka floch 4.00 4.00 4.00
Vitamin mix¢ 2.00 2.00 2.00
Choline C1 0.24 0.24 0.24
Corn oil 15.00 15.00 15.00

AWesson Modification of the Osborne-Mendel Salt Mix (22).
bNonnutritive fiber.

€The vitamin mix supplied the following mg vitamin/100 g
diet: p-amino benzoic acid, 50 mg; inositol, 50 mg; di, alpha-
tocopherol acetate, 10 mg; ascorbic acid, 100 mg; thiamin, § mg;
calcium pantothenate, 8 mg; niacin, 10 mg; By, (triturate), 6 mg;
ribofiavin, 3 mg; pyridoxine, 3 mg; 2500 1U Vitamin A; 250 IU
Vitamin Dy; folic acid, | mg; menadione, 0.5 mg; biotin, 0.2 mg.

and increased organ weights indicates that there might have
been a marginal cystine deficiency.

Records were kept of growth, morbidity, and mortality.
At the time of sacrifice, gross, as well as histopathological,
examinations of the tissues were conducted and organ
weights were compared. The following biochemical deter-
minations were carried ouf using methods reported pre-
viously (15,16): plasma and lver cholesterol; total liver
lipids; thin layer chromatographic separations of plasma,
liver, and tumor lipid fractions; and gas liquid chromatog-
raphy of fatty acids. The data were analyzed using two-way
analysis of variance. Sheffée’s method and Student’s r-test
were used to establish 95% confidence limits.

RESULTS AND DISCUSSION
Weight gain during the experiment is shown in Table I11.

JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY

VOL. 53

Although rats on the low protein diet gained less weight
than those on higher protein diets, statistically significant
inhibition of growth as a result of aflatoxin administration
occurred only in those animals receiving “normal” protein
diets containing added cystine and high protein diets with-
out cystine. At the time of sacrifice, liver, kidney, spleen,
adrenals, testes, and heart were removed and weighed, Only
the weight of liver was affected by aflatoxin administration
(Table III), and this occurred in the cystine-supplemented
groups fed the 8 and 22% protein and with and without
cystine in the 30% protein group. The observed increases in
the weight of the liver in the aflatoxin-supplemented groups
were, for the most part, a direct reflection of the severity of
the tumor formation and were most pronounced among
those rats consuming the aflatoxin-containing 30% casein
diet and the 22% casein diet supplemented with cystine.
Table IV shows a summary of the observed pathology.
In this table the description “fatty nodules™ includes livers
with variations and abnormalities in color and texture as
well as those containing 1 or 2 large nodular masses
affecting one lobe with the remainder of the liver grossly
uninvolved, or the presence of numerous small fatty
nodules occurring in all lobes but with considerable grossly
uninvolved tissue surrounding the nodules., Livers which
contained “complex tumors” were characterized by large,
multiple tumors and cystic areas in all lobes. These livers
were usually 2-4 times normal size and varied in appear-
ance. The tumor masses contained either gray or white
fatty material; some contained a network of blood vessels,
with and without hemorrhagic areas; some contained cystic
areas filled with either yellow or green fluid and some con-
tained hard masses with areas of frank necrosis. In these
livers, grossly uninvolved tissue was nearly nonexistent.
Among rats fed the 8% casein diet, there were no liver
tumors except in the group receiving the cystine supple-
ment, and here the incidence of tumors was less extensive
as compared with other groups. In the groups fed 22 and

TABLE 111

Growth and Liver Weights (g)

8% Protein 22% Protein 30% Protein
Additive Wit gain Liver wt Wt gain Liver wt Wt gain Liver wt
Control 393+ 808 11415 446 * 52 13.0% 1.0 438+56D 12731 1.8E
+A 3341 52 106+ 1.3 o 388 + 64 2221123 358 + 48D 41.4 + 26.7E
+CY 362 + 38 12.0 & 1.0A 488+ 56B 148+ 14C 424 £ 90 12.8+ 1.8F
+A+CY 373+ 32 16.3 + 3.1A 361 + 37B  50.2 £+ 10.5C 345 + 58 45.1 x 18.2F

aStandard deviation.

bMatched superscripts.indicate significant differences between individual groups at P<0.05.

TABLE IV

Mortality during Experiment and Occurrence of Pathology in Liver and
Kidney of Rats Sacrificed at 1 Year

Liver tumors

Group Deaths None Fatty nodules Complex tumors Kidney tumors
8 i 5/58 0/5 0/s 0/s
8+A 0 8/8 0/8 0/8 0/8
8+CY 0 6/6 0f6 0/6 0/6
8+A+CY ] 3/8 5/8 0/8 2/8
22 1 515 o/5 0/5 o/fs
22+A 3 0/3 2/3 173 0/3
22+CY 1 5/5 0/s 0/5 0/5
22+A+CY 0 0/6 1}6 5/6 2/6
30 0 6/6 0/6 0/6 0/6
30+A 1 0/5 2/5 3/5 0/5
30+CY 2 4/4 0/4 0/4 0/4
30+A+CY 1 0/5 0/5 5/5 0/5

aNumber of animals with tumors/number of animals in group.



SEPTEMBER, 1976

WELLS ET AL: PROTEIN LEVEL AND AFLATOXICOSIS

561

TABLE V

Cholesterol of Plasma (mg/dl) and Liver (mg/g)

8% Protein 22% Protein 30% Protein
Additive Plasma Liver Plasma Liver Plasma Liver
Control 91.3 10.9% _ 2.06 + 0.30F 90.8+ 5.6  2.36% 043 97.1+£13.2_  3.01%0.63F
+A 79.5+ 11.9AB 220+ 0.45GH 1053+ 18.3A 4.20:2.000 13955508 3.58 :0.71H
+CY 90.5+ 5.1CD 2,52+ 0.52 108.6 = 6.5DI 2.00 + 0.324 1040 £23.0  2.43 +0.26.
+A+CY 1042+ 9.2CE 274+ 0.73 132.9 + 14.0El 3,00+ 0.307 123.0 £24.0  3.89 +0.93
28tandard deviation.
bMatched superscripts indicate significant differences between individual groups at P<0.05.
TABLE VI
Some Major Fatty Acids of the Sterol Ester Fraction of Liver
Fatty acids (%)

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

8 26.9 + 2.5A% 24.3 + 3.4b 22.5+ 2.8 6.9+ 0.8

8+A 21.4 ¢ 34A 244+ 45 2354+ 1.9 8.8+1.7

8+CY 204+ 5.0 26.8% 2.3 24.9 % 3.2 97%1.5

8+A+CY 24.5 + 6.3 24.6 + 3.0 21.8+4.0 10.1 1.8

22 22.2%7.3 27.9+ 6.1 19.3+2.2 7.6% 1.9

22+A 25.8% 4.6 24.1%1.8 19.0 £ 0.6 11.1£3.7

224CY 31.3%5.7B 20.3 £ 6.9E 15.4 ¢+ 1,96 11.5% 2.5

22+A+CY 14.6 + 2.6B 32.6 + 7.2E 24.8 + 4.2G 8.2 + 4.1

30 25.5 + 7.6C 28.4+4.6 18.8 + 3.4H 6.2 %231

30+A 14.4 + 3.4C 32775 28.6 x 5.0H 10.6 £ 1.5l

30+CY 26.1 £ 4.3D 27.9 £ 1.9F 21.2+ 7.4 8.3+3.3

30+A+CY 16.8 + 2.9D 32.1 £ 4.2F 24.4+1.8 7.2%2.5

2Matched superscripts indicate significant differences between individual groups at

P<0.05.
bStandard deviation.

30% casein, all aflatoxin-dosed rats had liver tumors, and
the severity of the tumors was greatest when aflatoxin was
fed with diets containing added cystine. In general, the liver
tumors themselves were characterized as being either of
complex architecture or composed of compact parenchy-
matous cells. Histopathological examination of tissue slices
from liver, kidney, spleen, adrenals, stomach, testes, heart,
and aorta revealed that, with the exception of liver and
kidney, aflatoxin was without apparent effect on the
various organs. ;

Liver tumors found in the aflatoxin-treated rats fed the
low protein diet supplemented with cystine (8+A+Cy) were
well circumscribed and contained large pleomorphic celis.
There was no evidence of malignant change. The kidney
tumors observed in this group were described as papillary
adenoma.

In contrast, aflatoxin-dosed rats fed the 22 and the 30%
cystine-supplemented casein diets often showed signs of
early cirrhosis of the liver, and it was also fairly common to
find foci of necrosis in the liver tumors of these animals.
The kidney tumors observed in the group fed 22% casein
were nonmalignant tumors of the cortex with necrotic foci
near the center of the tumors.

Whereas the incidence and size of the tumors, under
these experimental conditions, appears to depend upon
diet, the histological architecture of the tumors themselves
does not.

Table V contains plasma and liver cholesterol data. In
rats fed either normal or high levels of protein, aflatoxin
administration resulted in increased levels of cholesterol in
both plasma and nontumorous liver tissue, suggesting either
increased cholesterol biosynthesis or decreased cholesterol
transport or catabolism. In general, levels of cholesterol in
both plasma and liver of rats fed the 8% casein diet were
lower than those in rats fed 22 or 30% casein diets. In
addition, rats fed the low protein diets did not respond to
aflatoxin administration with as large increases in choles-

terol levels as did those rats on the higher protein diets.
Total lipid determinations showed no significant differences
between any of the groups.

Liver sterol esters (Table VI) showed significant de-
creases in palmitic {C16:0) and increases in oleic (C18:1)
and linoleic (C18:2) acids among rats fed the 30% casein
diet which had been supplemented with aflatoxin. No such
changes were observed in the low protein, aflatoxin-
supplemented rats. In the rats fed the 22% casein diet,
significant changes, similar to those seen when the diet
contained 30% protein, were observed only when the diet
was also supplemented with cystine. There were no signifi-
cant changes in either the triglyceride or phospholipid
fractions of liver which could be related to aflatoxin
administration, and these are therefore not shown.

A comparison of the fatty acids of liver tumors with the
fatty acids of the surrounding uninvolved liver showed that
in the triglycerides of tumor tissue (Table VII) there is less
linoleic acid and more arachidonic acid, as compared with
the surrounding liver tissue, in the animals fed 22 and 30%
protein, suggesting either a higher rate of conversion of
linoleic to arachidonic acid in tumor as compared to liver,
or an inability of arachidonic acid to be further metabo-
lized. When phospholipids of tumor were compared with
those of liver, there was a trend towards increased levels of
monoenes (C16:1 and C18:1) as well as a lower arachidonic
acid content in all aflatoxin-supplemented groups except
for the 30% protein and cystine-fed animals.

In general, when diets were fed in which the level of
protein was the only variable and small amounts of afla-
toxin were administered for extended periods of time, it
was found that low levels of dietary protein were associated
with a marked decrease in both the incidence and severity
of tumors. These findings pose some interesting questions.

Several biochemical changes occurred in response to
prior aflatoxin administration in the rats fed normal and
high levels of protein which were not observed in the rats
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TABLE VI

Some Major Fatty Acids of the Trigiveéride and Phospholipid | ractions of Tumor as Compared to Liver

Triglycerides Phospholipids.-
Percent of fatty acids
Group 1§:2 ) 20:4 611 821 20:4
8+A Liver 37.1 4 R4 4.0+ 0.9 1.4+ 0.4 K15 206 2512240
Tumord
8+A+CY Liver 36.2£4.2 2.8+ 0.9 1.7+ 0.6 10.5 2.2 26.1 % 4.8
Tumor® 22.0 2.3 4.5 20.9 24:4
22+A Liver 33.7 £ &6 2.8+ 1.9 1.3+ 0.3 104+ 1.8 29.1°% 2.0
Tumor® 32.9 5.8 2.7 16.2 18.2
22+A+CY  Liver 34.4 + 3.5A9 4.4 £2.3 1.4t 0.7B 15.9 £ 2.1 21.8%5.3
Tumor 24.9 2.3A 5.6 +2.3 2.8+ 0.6B 16.1£2.7 20.6 £ 5.8
30+A Liver 3L.7.56.2 4.5+ 2;4 1.2 £ 0.4C 14.2 £ 4.6D 25.6 £ 3.9
Tumor 27.5 £-8.5- 7.1+ 3.7 35 1.9C 20.5 + 4.8D 20.8 £ 2.7
30+A+CY Liver 32.8+ 6.3 A2 £ 0.8 3.6+29 14,6 £ 1.5 22.6 £104
Tumor 28256 6.8 £ 3.1 1.3+0.2 15.1 & 3.9 242+ 4.3
aStandard deviation.
bgince there were no tumorsdn thisgroup, there.are o data.
CN=1.
dMatched superscripts indicate sighificant differences between individual groups at P<0.05.
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