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ABSTRACT 

Rep~rt~ i n  th~ literature c0ncerning the relation- 
shii~ of i~rbtdi}i fifffit~oill t6 '~flatoxicosis ale contra~ 
dictof~/.' tii ~i 'attefripf t6 61ucidate this relationship 
more ,dearly, .w~e have. exarmned the effects of low, 
norzm~lz::a~¢i~prote{nTc0ntalnmg diets on tumor 
iricidence ~/id development, as well as on several bio, 
chemical indices:,.m, ra ts ,~i~h have been exposed to 
I0W.: leye!s 9~  a:~at~xi~:, i ~ a ~ ,  chronic': ra ther  .than 
"acute~ ~ sit,~ua~iion cin: ~ug~tudy , male weanling rats 
wer~ l?lac e fqr 3 rnpn~h~gn~ otherwise adequate diets 
conta~ing.eit}t@~8, 22, .gr~ 30~ casein with and 
~ h } ~ t ,  ah'~}b:xin i~i: ~,i i :~: ppm. Half of the ̀  animais 
in each group receiyed "diets 'which were further 
suPi~]~mepie ~ ~ a~i~no acid, cYStine( a t 0,6% 
o f  tlt~ d ie~, (Su]fur;cgntaiMng amino acids are thei 
~gstL~n~tLj)g g~mi~ 9 @ci,ds in case!n, :and the addition 
of :qEs~i!pq~t%t,hq: di.e~sg~es tO improve the biological 
qugli~ig of the, proton source.)After 3 months the 
a~i~i~s, w%/~,~e~ ~qontroi diets without aflatoxin un!ll 
theyrwere ki~eO at  l year.~ Weight gain was markedly 
dg~as~a  a~n d" l iv e x ~ e) ghtS in crease d i n  res p o nse ~t 0 
aflatpxin i n a! 1 >gr0up~s except those on the tow 
protein diets, where aflatoxin had no effect on these 
m&ces. No tumorsiwere found in the livers of rats. ed 
the it0~v protein, ~ato~n-suPpiemented diet. in the 
othei grouiS;, "fi~e" severity ̀  Of the !iver involvement 
inC, feaSed jbr'ogre~zive[y- ~ t i i  iiiC~'¢ased protein leveis 
in "t}ie' filet ~. Whefi C~s~ifi~ ~)as: included in ihe dietl 
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 mor e 
severely involved than-were-the-4ivers of animals or~ 
non-cystine suEp!emented diets. Plasma chqlester0! 
levels were increased in response to aflatoxin when 
the diets cO-~taiffing22--anff30%-protein were fed and 
when cystlne ~ was Yita4ludgd ~fi *the 8% protein diet. 

,x,7,G', + ~ • ~ ,  , . ± ,  . : : ,  

Liver choleste~o'l ~ve~s wer~,~qreased in :re spol!se to 
aflatoxin iri~N1 g~otrps except~in those r~ceiving the 
low protein--diets.--Among-these-tatter arrin~s; afta~- 
toxin administration had no effect on liver choles- 
terol values. Changes as a ,f4sult of aflatoxin admin- 
istration were also observed in the fatty acid composi- 
tion of sterol esters, triglycerides, and phospholipids 
of liver and tumor tissue. 

I N T ~ T t O N  

For a number of years, the toxicity of aflatoxin .to 
animals, fish, and fo.dt hiis be'en rec0ghized, as als_e!i~qs 
health and economic problem, At present, it is not known 
whether man is susceptible~}o aflatoxin-induced tumors, 
although there have been s~eral epidemiological studies 
which suggest that man is not~ immune (1-3). 

Since protein deficiency~Vdisease is common in many 
developing nations and sinc~ the available protbin source in 
these areas is usually vegetable protein which may be 
susceptible to aflatoxin contamination, it "becomes of 
interest to deternune whetlfcer the level, and [the type, of 

• ~ . . . 

protein in the d~et affects susceptibility tol aflatoxin 
toxicity. The existing evidence is controversial. Aflatoxin 
has been shown to cause-a-marked inhibition o f  protein 

synthesis (4,5)• It has also been rei~Orted that in~sh'Ort/ter~ 
expeff[~nts, susceptibility to cather ;large doses of afla~d~ig 
was increased when dietary p o t  an was tow (6,7). On the 
other ihand, i t  has been reporte6~t~at r0onkeys Nee, lying 
small daily doses of aflatoxin for ex tengle~;p~i~  ~f~ime 
were, ~or, e,~ :resistant tO aflatoxicosiis :when th¢.~ ,wereNon- 
sumi~g low ~protein diets.(:8).: In addition, st, udies:0ond~cted 
in :ouf, ~la~bofatory have suggested Chat~ comi~Otverits ~ ;oP'~ttle 
dmthey:,f~oIe~:~ §~5tt~ce .may, act , '  of  rater c,g ~ t h :  the~ 
die tor~oc~mp9nenD tO m, odffy:,the segenty Of.the response 
to aflatoxin (9-! 1). 

In an attempt to possibly resolve this controversy, we 
unde~tbb~ an  inve~tigati6n" !in :whi~  :diets ;containing, lbw, 
"normal," and high levels.of "profein;withl ~nd ~ withoUt 
aflat6Nin,, were:fe d t o  cats. 

EXPERI MENTAL PROCEDURES 
T~ae~ptan ~of the~,e.x_~p~riment alad the. diet use,d, are~shf~v~n 

in ~Tables ,| and ,II. iMale: weanling rats,of: the~ fprmer~lJ&G 
strai~:~were .fed purified aflato~xin~,Bl (purchase& from 
Ca!biaehem , ~ 1olla; CA) at L7 ~pm for~3~m0nth~ Ntd 
were, thereafter fed ~ a cont ro l  diet without, afl.atoxin u3!t!l 
sacrifi~ced a t  t :year of age<:Aflatoxin~ dissolved m) chloro- 
form was incorporated into the~ diet  and the~solven~fsub- 
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. Sinde~22% protein is the 
usual"atrlount in  our t a t  giets~ the~ ariirhais in ,this group 
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 acids Of casein. It hasbeen reported by 
.others that animals0n 10~:protein diets, where casein is the 
protein source, develop an :acute hepatic.neCrosis which is 
iIi~f~g/ilt  of  Cysfine defMenw (12). since[it has been 
shplwn that a:damaged livelr:i~ ~qre suscepfibl~ to aflatoxin- 
induced tumors (13,14), the qLtestion arose:as to whether 
i~provemen~.of ;the caseini :b5 ~ the addition ~ of cystine, 
~ghrS-ubg~-quentty Mtef the fe~iKtay~ee oflthe rats to alia- 
toxin toxicit ~. No"acute hepati'e ffe~t6Sis'~ :was observed in 
the ~tg ~ fed the tow'casein diets, ;althou~ the fact that the 
addition of cystine to the diets resulted in improved growth 

TABLE I 

Pla~ Of'the Experimen:t 

~ 'OP P Protein Aflatoxin Cystine 
(%) (ppm) (%) 

8 (6) a 8 0 0 
S~A (S) S 1.7 0 
8~CY (6) 8 0 0.6 
8+A+CY (8) 8 1.7 0.6 
2;2 (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 O 
30+h  (6) 30 1 N 0 
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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TABLE I1 

Basal Diets 

Nutrient 8% Protein 22% Protein 30% Protein 

Sucrose 66.75 52.75 44.75 
Casein 8.00 22.00 30.00 
Salt mix a 4.00 4.00 4.00 
Solka floe b 4.00 4.00 4.00 
Vitamin mix c 2.00 2.00 2.00 
Choline CI 0.24 0.24 0.24 
Corn oil 15.00 1 S.00 1S .00 

awesson Modification of the Osborne-Mendel Salt Mix (22). 
bNonnutritive fiber. 
eThe vitamin mix supplied the following mg vitamin]lO0 g 

diet: p-amino benzoic acid, 50 mg; inositol, S0 mg; dl, alpha- 
tocopherol acetate, 10 rag; ascorbic acid, 100 rag; thiamin, 5 rag; 
calcium pantothenate, 8 rag; niacin, 10 mg; BI2 (triturate), 6 rag; 
riboflavin, 3 rag; pyridoxine, 3 rag; 2800 IU Vitamin A; 250 IO 
Vitamin D2; folio acid, 1 rag; menadione, 0.5 rag; biotin, 0.2 mg. 

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

Records were kep t  o f  growth,  morb id i ty ,  and mortal i ty .  
At  the t ime of  sacrifice, gross, as well as his topathological ,  
examina t ions  o f  the  tissues were conduc t ed  and organ 
weights were compared.  The  fo l lowing b iochemical  deter- 
minat ions  were carried ou t  using me thods  repor ted  pre- 
viously (15,16):  plasma and liver choles terol ;  to ta l  l iver 
lipids; th in  layer  chromatographic  separat ions of  plasma, 
liver, and t umor  lipid f ract ions;  and gas l iquid chromatog-  
raphy of  fa t ty  acids. The  data were analyzed using two-way 
analysis of  variance. Sheff6e 's  m e t h o d  and S tuden t ' s  t-test 
were used to  establish 95% conf idence  limits.  

RESULTS AND DISCUSSION 
Weight gain during the  expe r imen t  is shown in Table III. 

Al though rats on the  low prote in  diet gained less weight 
than  those  on higher  prote in  diets, statist ically significant 
inhibi t ion  o f  growth as a result  o f  af la toxin adminis t ra t ion 
occurred  on ly  in those  animals receiving " n o r m a l "  prote in  
diets conta in ing  added cyst ine and high pro te in  diets with-  
ou t  cystine.  At  the  t ime of  sacrifice, liver, k idney,  spleen, 
adrenals, testes,  and hear t  were r emoved  and weighed. Only 
the weight  o f  l iver was affected by af la toxin adminis t ra t ion 
(Table l iD,  and this occurred in the cys t ine-supplemented 
groups fed the 8 and 22% prote in  and with and wi thout  
cystine in the  30% protein group.  The observed increases in 
the weight  o f  the  liver in the  a f la tox in-supplemented  groups 
were, for the  most  part,  a direct  ref lec t ion o f  the  severity o f  
the t u m o r  fo rmat ion  and were  most  p ronounced  among  
those rats consuming the  af la toxin-conta ining 30% casein 
diet and the  22% casein diet  supplemented  wi th  cystine. 

Table IV shows a summary  of  the  observed pathology.  
In  this table the  descript ion " f a t t y  nodu les"  includes livers 
with variat ions and abnormal i t ies  in color  and texture  as 
well as those  conta in ing 1 or  2 large nodular  masses 
affect ing one  lobe  with the  remainder  o f  the  liver grossly 
uninvolved,  or  the presence o f  numerous  small fa t ty  
nodules occurr ing  in all lobes bu t  wi th  considerable grossly 
uninvolved tissue surrounding the nodules.  Livers which 
conta ined  " c o m p l e x  t u m o r s "  were character ized by large, 
mult iple tumors  and cystic areas in all lobes. These livers 
were usually 2-4 t imes normal  size and varied in appear- 
mace. The  t u m o r  masses conta ined e i ther  gray or whi te  
fa t ty  material ;  some conta ined  a ne twork  o f  b lood vessels, 
wi th  and wi thou t  hemorrhagic  areas; some conta ined  cystic 
areas fil led wi th  e i ther  ye l low or  green fluid and some con- 
ta ined hard masses with areas o f  frank necrosis. In these 
livers, grossly uninvolved tissue was nearly nonexis tent .  

A m o n g  rats fed the  8% casein diet,  there  were no liver 
tumors  excep t  in the group receiving the  cystine supple- 
ment ,  and here the  inc idence  o f  tumors  was less extensive 
as compared  with  o the r  groups. In the groups fed 22 and 

TABLE II1 

Growth and Liver Weights (g) 

8% Protein 22% Protein 30% Protein 

Additive Wt gain Liver wt Wt gain Liver wt Wt gain Liver wt 

Control 393±80  a I t . 4 ±  1.5 446-~ 52 13.0± !.0 4 3 8 ± 5 6  D 12.7 ± 1.8 E 
+A 334 ± 52 10.6 ± 1,3 388 _+ 64 22.2 ± 12,3 358 _+ 48 D 41.4 ± 26.7 E 
+CY 362 +_ 38 12.0 ± 1.0 Ab 488 + 56 B 14.8 ± 1.4 C 424 ± 90 12.8 +_ 1.8 F 
+A+CY 373 ± 32 16,3 ± 3.1A 361 +_ 37 B 50.2 ± 10.5 C 345 +_ 58 45.1 _+ 18.2 F 

aStandard deviation. 
bMatched superscriptsindicate 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 I Year 

Liver tumors 

Group Deaths None Fatty nodules Complex tumors Kidney tumors 

s 1 51sa OlS OlS OlS 
S+A 0 S/S OlS OIS 0/8 
8+CY 0 6/6 0/6 0/6 0/6 
8+A+CY 0 3/8 5/8 0/8 2/8 

22 1 5/5 0/5 0[5 0[5 
22+A 3 0/3 2/3 1/3 0/3 
22+CY t 5/5 O/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 O/S 2/S 3/5 0/5 
30+CY 2 4/4 014 0/4 0/4 
30+A+CY 1 0/S OlS S/S O/S 

aNumber  o f  animals  w i t h  tumors /number  o f  animals in group. 
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T A B L E  V 

Choles te ro l  o f  Plasma ( m g / d l )  and  Liver  ( r ag /g )  

8% Prote in  2 2 %  Prote in  30% Prote in  

Addi t ive  Plasma Liver  Plasma Liver  Plasma Liver  

Cont ro l  
+A 
+CY 
+A+CY 

9 1 . 3 ±  10.9 a 2 . 0 6 ±  0 .30  F 90.8+- 5.6 2 . 3 6 ±  0 .43  
7 9 . 5 ±  11.9 AB 2.20-+ 0 .45  G H  1 0 5 . 3 ±  18.3 A 4 . 2 0 ± 2 . 0 0  G 
90.5 + 5.1CD 2.52-+ 0 .52  1 0 8 . 6 ±  6.5 DI  2 . 0 0 +  0.32 J 

104.2 ± 9.2 CE 2 .74  -+ 0 .73  132.9 -+ 14.0 EI  3 .00  ± 0 .30  J 

97.1 -+ 13.2 3.01 ± 0 .63  F 
139.5 + 55 .0  B 3.58 -+0.71H 
104.0 ± 23 .0  2~43 ± 0.26- 
123.0 + 24 .0  3.89 ± 0 .93  

aS t and a rd  devia t ion .  

b M a t c h e d  superscr ip ts  ind ica te  s ignif icant  d i f fe rences  b e t w e e n  individual  g roups  a t  P < 0 , 0 5 .  

T A B L E  VI  

Some  Major F a t t y  Acids o f  t h e  Sterol  l~ster F rac t i on  o f  Liver  

Fa t ty  acids (%) 

G r o u p  16:0  18:1 18:2  20 :4  

8 26 .9  -+ 2.5 Aa 24.3  ± 3.4 b 22 .5  -+ 2.8 6.9 -+ 0 .8  
8+A 21 .4  ± 3 .4  A 24 .4  ± 4.5 23 .5  _+ 1.9 8.8 ± 1.7 
8+CY 20 .4  + 5.0 26 .8  + 2.3 24 .9  -+ 3.2 9.7 + 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 .0  +_ 1.9 
2 2 + A  25 .8  ± 4 .6  24.1 ± 1.8 19 .0  ± 0.6 11.1 ~ 3.7 
22+CY 31.3 ± 5.7 B 20.3 ± 6 .9  E 15.4  ± 1.9 G 11.5 +- 2.5 
22+A+CY 14.6 ± 2.6 B 32.6 -+ 7.2 E 24.8  ± 4,2 G 8.2 +- 4.1 

30 25.5 +_ 7.6 C 28 .4  ± 4 .6  18,8 + 3.4 H 6.2 ~ 2.3 I 
30+A 14.4 ± 3.4 C 32.7 ± 7.5 28 .6  ± 5.0 H 10.6 ~ l .S  I 
30+CY 26.1 ± 4 .3  D 27 .9  + 1.9 F 21 .2  ± 7.4 8.3 + 3.3 
30+A+CY 16.8 ~: 2.9 D 32.1 ± 4.2 F 24 .4  ± 1.8 7.2 ± 2.5 

a M a t c h e d  supersc r ip t s  
P <0 . 05 .  

bS t a nda rd  devia t ion .  

ind ica te  s ignif icant  d i f fe rences  b e t w e e n  individual  g r o u p s  at  

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, s tomach,  testes, heart, 
and aorta  revealed that ,  with the except ion 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 cells. 
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 i t  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 cor tex 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 o f  the tumors themselves 
does not.  

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

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

Liver sterol esters (Table VI) showed significant de- 
creases in palmitic ( C 1 6 : 0 ) a n d  increases in oleic ( C l 8 : l )  
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 tdglyceride or phospholipid 
fractions of liver which could be related to aflatoxin 
administrat ion,  and these are therefore not  shown. 

A comparison of the fat ty  acids of  liver tumors with the 
fat ty  acids of the surrounding uninvolved liver showed that  
in the triglyccrides 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 inabil i ty  of  arachidonie 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  aria- 
toxin were administered for extended periods of  t ime, it  
was found that  low levels of  dietary protein were assodated  
with a marked decrease in both the inddence  and severity 
of tumors.  These findings pose some interesting questions. 

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

Some Major Fatty Acids of the Trlgly~c4rfide and~Phospholipitt t racti0ns of Tumor as Compared to Liver 

Triglycerides Phospholipids- 

Percent of fatty acids 

Grou I~ 18:2 20:4 1~1 1~ 8:', 1 20:4 

8÷A Liver 37.l ± 4 sa ~.,0 ± 0.9 i . ~  0.4 11~ ~:0;6 25.1 +-221 
Tumor b 

8+A+CY Liver 36.2 -+ 4.2 2.8 ± O.9 1.7 ± 0.6 t0.5 ± 2.2 2o.1 -+ q.t~ 
Tumor c 22.0 2.3 4.5 20.9 24"4 

22+A Liver 3-3.7 ~ 6¢6 2:.8 ± 1:9 1.3: + - 0.3 10'.~ ± t.8 29215± 2.0 
Tumor c 32.9 5.8 2.7 16.2 18.2 

22+A+CY Liver 34,4 ± 3.5 Ad 4.4 ~2 .  3 1.4 ± 0.7 B 15.9 ± 2.1 21.8 ± 5.3 
Tumor 24.9 ± 2.3 A 5.6 -+ 2.3 2.8 ± 0.6 B 16.1 ± 2.7 20.6 ± 5.8 

30+A Liver 3~>7,~ + ,,6.2 4.$~± ~'~4 t~-,~2 ~+ 0.4 C t4.2 4- 4.6 D 25.6 ± 3.9 
Tumor 27..5 ±8;g- 7.1 -± 3.7 3.5 ± 1.9 C 20.5 _-2 4.8 I) 20.8 ± 2.7 

30+A+CY Liver 32.8 +- (~:~) N~2 ± 0.8 3.6 ± 2.9 14.6 ± 1.5 22.6 -+10.4 
Tumor 28.2 + 5[6 6.8 ± 3.1 1.3 ± 0.2 15.1 ± 3.9 24.2 ± 4.3 

aStandard deviation. 
bSince lhere were no tumorsdri thisNroup, there.a.re no .data. 
CN= 1. 

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

fed the low protein diet, e.g. ,  elevated plasma and l~ver 
cholesterol levels and some changes in :tl~e t~ve~ fatty acids. 
The corresponding lack oL biochemical::resp~nse to prior 
aflatoxin exposure in rats/fed the loW :pfo't~i'n diets may 
possibly be due to a depression of tlie [acfiV'ities of ,the 
enzyme systems involved as a result of protein deficiency. 
It is well known that many foreign chemicals a~e converted 
to biologically less harmful substances by the enzyme 
systems of the liver, and it has been shown that these 
enzyme systems are inhibited in protein deficiency (l 7,18). 
It has also been proposed that somemetaboli te  ofaf latoxin 
may actually be the tox ic  agent involved in :afla,t0Xicosis 
rather than aflatoxin itself (19-2D., If the aeti:vit~es of  lhe 
enzymes involved in thelc0nversion of aflat0xin ,to a,~0xic 
metabolite were decreased as ;a result ~f  protein~deficier~¢y:, 
a decrease in tumorigenesis, 9ould: be  .expv.¢ted. Dur~ data 
support 3his concept  ~andi-,irl.d.~cat~:a need:.folr :eontjn;ue4 
dnve:s tigation to ,  define - ax~d.~ furthel ,¢haractefize~ this 
metabo!i!e~ 

Howeve G bi0chemical;~c.h.ange~.~lbserv~,d:~eFc!~iy,ely ~in 
the; r a t s  fed,low ~pr~tgi~,,~et~vq, hi,c.hqge,~e',:rk~ asso, qigted 
wi~h a ~ t o x i n  " a ~ n i s g r ~  ~ s t  :a~t,ble~ ?.t~glecte=d~ It: is 
p 'ssibia il~a~t it~es'e: : b ;@~i~ i~ l :  ~liffeb)aqes ~ a y ,  ~ ~tssgr 

resistance,of thesexats ,to .atlatoxin t oxioitv,. 
It  is otJviou's't~at:t,h¢ 4~}~gblgj9 .of.-die~rya,/~ip, t}ta~i0@ in 

nutritional deficiency-~ ma~a ~n~k~ ~r r~mi~j . . ino~ ~su~}¢e~ 
l ine to  .infelction and pg~s~l¥ :~q ~u~yg0:-,: de y~l~j~d~en't-,Li~ j~ 
also pOSsible, that .nutritio, t3a|,,sugficiNn~y;~pr~ Oy~r~laulat;ian~¢ 
may prgm0te increase0 acfiv:ii} ~2}'f,'¢eils:or b~10,~ical Systems 
with possible neoplasti c po,tentiaL 

Since -in :this study ;it Was feund~tlxaL tmdge~bert~/in ¢om 
ditions,, a nutritional defieiefi':cy <in:thia,ga~e, ta ,low.,pr0tNil 
diet):,, r~ay actuNly ~b.e ,ptoteotive ~wl'ren ;ar~ o~ir~ism ig 
expOse~l t a  -an,. environmental( toM~, ;the ~pmt:riiee :of ,i~dise 
criminate; nutritionaLsuppjemehtatiOir: iti~eas~wl~ere,nufri~ 
tional deprivatiow '~may b.l~-:edat~le4,, ~il~h>sm~q0nfifmifiated 
'foo'd supply sh6uld be ~6xz0mine&, 
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