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Patient I:     

The patient was a 67-year-o ld  man who was admitted to  on 
/63 with complaints of abdominal swel I ing and d iarrhea of five weeks' duration . 

He had pr esumably been wei I unti I five months pr ior to hi s admission when he noted 
gr adua l onset of anorexia and weight loss which total led approximately six and one-half 
pounds at the t ime of admission. The swel I ing of the abdomen appearing five weeks prior to 
admiss ion was accompanied by cramping abdominal discomfort in the epigastrium and watery 
diarr~ea five to six times a day. For two weeks prior to admission edema of both lower legs 
was r.oted. 

The patient's past history was significant in that up unti I 12 years prior to his present 
illness he had been a consistently heavy drinker for many years consuming at least a fifth 
of a pi nt of 100% whiskey per cay. During the 12 years prior to adm i ssion, however, drinking 
was confined only to four or five beers a day. 

Phvsical examination showed a malnourished, edematous colored man . Spider angiomata 
over the c hest, I iver palms and gynecomastia were present. Examination of the abdomen 
revealed the I iver to be enlarged I I em below the right costal marg in, stony hard and 
suggestively nodular. The abdomen was markedly swollen. Extremities showed 3+ edema. 

The laboratory examination was consistent with the ward diagnosis of Laennec's cirr
hosis; total serum proteins were 8.2, albumin 3.2, globulin 5 . 0, thymol turbidity 16, 
cephal in flocculation 3+/3+, SGOT 95. It was of interest that in sp i te of anorexia and 
weight loss the patient's cholesterol was 463 mg.%. 

Exam i nation of the ascitic fluid revealed no malignant eel Is, however, a needle biopsy 
performed on /63 demonstrated a hepatic carcinoma made up primarily of acinar eel Is 
arranged in cords. Bile duct prol iteration was prominent and fibrosis was noted in the 
per iportal areas indicating the presence of underlying Laennec's cirrhosis. 

Studies were carried out on the cholesterol feedback system in the biopsy specimen 
obtained of this hepatoma with the following results: 

Cholest erol in diet, 3 days 

Low (68 mg.) 
High ( 3-4 gm. ) 
Low ( 68 mg.) 

Cholesterol synthesis (~~moles 
acetate-2-cl 4 per mg tissue) 

76 
82 
76 

These data unequivocally demonstrate the absence of a normal cholesterol feedback 
system in the hepatoma. 

The patient was t~eated with 5-fluorour ici l dur ing hi s hos~ ital s t ay 0ith 1 ittle 
change in his course. ··· He was discharged on /63 but fo I I owing an acute gastro i ntest ina I 
hemorrhage was brought to the emergency room in a morbund condition on /63 . 

Autopsy confirmed the previous diagnosis of protal cirrhosis with hepatocellular carcinoma 
with diffuse metastases throughout the I iver and lungs. The immediate cause of death was 
hemorrhage from an ulcerated ga~ tric ulcer. 

In summary, the patient represents a long-standing alcoholic who developed portal 
cirrhosis. At age 67 a hepatic carcinoma developed in this cirrhotic I iver leading to a 
rapid downhi I I course and death , 
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Pat ient 2 :  

The pat ient i s a 67 yea r -old whit e man whose last adm i ss ion at  was 
from  to 66 wi th symptoms suggest ive of seve re ang ina . 

The pat ient g ives a past hi sto r y of be i ng i n v igorous good hea lth unt il 1937. He 
drank heav i ly and smoked at least one to two packs of c iga ret t es da i ly . At age 38 he had a 
myocard ia l infa rct ion and s i nce that t ime has suffe r ed a lmost cont i nuous ly from ang i na and 
severe pe ri phera l vascu la r d i sease . In 1963 he deve loped symp toms of i nte rmittent c laud i 
cat ion and du ri ng an attempt to repa irat ive vascu lar s urge ry a ca rc i noma of t he co lon was 
d i scove red . Th i s les ion was r essected and the pa ti ent d i d we i I unt i l 1965 . At t hat t ime 
a pr ima r y ca r c i noma of the t ongue deve loped and has been treat ed wi th r ad i um imp lantat ion . 
Du ri ng the same yea r t he pati ent deve loped cough and hemoptys i s; a pr ima r y bronchogen ic 
ca r c i noma was d i scovered and has been t r eated wi t h coba lt 60 ext e r na l r ad iat ion . 

Phys ical exam i nat ion du ri ng the most r ecent adm i ss ion s hows on ly f requent premature 
cont ract ions, a Grade I I systo li c murmur, nume rous hea led abdom i na l sca r s and a pa r tial 
left hem ipares is . 

Duri ng the present adm ission the pa t ient cont i nued to have ang i na l pa i n but no evi dence 
of recurrent myoca r d ial infa rct ion or carc i nomat os i s wa s noted and the pat ient was d i scharged 
f ive days af t er adm iss ion . 
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STRUCTURE OF AFLATOXIN$ 

0 0 

0 OCH 
3 

Aflatoxin B Af latoxin G 
I II 

TABLE I 

Species in which fatty I iver and cirrhosis have been produced by 
aflatoxin 

l I T u r key ,( I I ) 

~ Duck (12, 13,22,23) 
l 
I 
! 

! Chickens (12,13) 
I 
! 
I 

Cows (14) 

Cat (quoted in 44 
reference 14) 

Dog ( 17, 18) 

Mice ( 16) 

I Goat ( 16) 

1 
Pigs ( I 5) 1 

Monkey ( 19J 

Guinea Pig (34) 

Rat ( 21 ) 

-
Horses ( 16) 

~-------------~--------------~----------~------~ 



r 
) 

TABLE 2 

Tumors induced by aflatoxin 

Hepatoma, Rat, Trout (33i34,35,36,37, 
8,9,10) 

Bronchogenic carcinoma lung, rat (38) 

Sarcoma subcutaneous, rat (36) 
hepatic (46) 

Stomach, · rat (38) 

Kidney, rdt (38) 

Rectum, rat (39) 

Page 4 

Orbit, rat ( 38) Salivary gland, rat (38) 

TABLE 3 

Grains and foods on which aflatoxin · produc~ng mo~ds have 

been demonstrated 

Aspergi I Ius flavus 

Peanuts Corn Wheat 

Soybeans Oats Bermuda grass 

Rice Potatoes Cotton meal 

Penici I I ium islandicum 

Rice 

Penici I I ium rubrum 

Corn J 
Penici I I ium puberulum 

Potatoes Wheat 
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~ High 

m Very High 

DISTRIBUTION OF LIVER CANCER 

DISTRIBUTION OF KWA~HIORKOR 
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AREAS OF VERY HIGH HEPATOMA INCI DENCE 
AND RAINFALL IN AFRICA 

LOW INCIDENCE 

- .......... 

' ...._ --- -... -

~ Very High Hepatoma 
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REFERENCES 

!ROUT HEPATOMAS 
;_----

In Ap ri I , 1960 hepatomas were noted i n trout r aised in Idaho . 

1. Wood, E. M. Hepat ic carc i noma in r ainbow trout. Arch. Path. 71:471, 1961. 
The f irst report of hepat omas appearing i n rainbow t rout in the U. S. 

Tumors not I imi ted to one hatchery . 
2. Thompson, D. E. Bureau of Spor t Fisheries and Wildlife Research Circular 10:1, 1960, 

Wash i ngton, D. C. 
and 

3. Rucker, R. R. , Yasutake, W. T. and Wolf,IH: Trout Hepatoma- a preliminary report. 
Prog . Fi sh . Cu lt. 23 :3, 1961. 
Tumors noted i n Eastern and Western trout as wei I. 

Probably al I rainbow trout in U. S. hatcheries were affected. 

4. Hueper, W. C. and Payne, W. W. Observations on the occurrence of hepatomas in 
rainbow t rout . J. Nat!. Can. lnst . 27: I 124, 1961. 
Pract ically a lI rainbow trout over 3 years in hatcheries in Washington, Idaho, West 
Virginia and Maryland were found to have hepatomas. 

Also in France. 

5. Levad iti , J., Besse, P., Vibert , R. and Nazimoff, 0. Sur des criteres histo
pathologiques et biolog iques de malignity propres aux tumeurs epithel iales hepatiques 
des Salmono ides . Compt . rend. Acad . sc. 251:608-610, 1960. 
Increase in hepatomas noted in French trout. 

"' 
HEPATOMAS IN OTHER SPECiES 

An increase in "spontaneous" hepatomas was also noted in several other species 
Birds. ' 

6. Ratcliffe, H. L. Hepatoma in captive wil d birds. Cancer Research 21:26, 1961 . 
Incidence of hepa toma ln bi r ds i n Phi !adelphia Zoo increased 30 fold in autopsies 
from 1962 to 1960. 

Bears. 

7. Dorn, C. R. Bi li ary and hepat ic carcinomas in bears at the San Diego Zoological 
Gardens. Nature 202:513, 1964. 

Five out of six bears (four sloth bears end one grizzly) in the same area alI died 
of I iver tumo r s i n a period of 6 years. 

5}IOLOGY OF TROUT HEPATOMA 

Cause of trout hepatoma t r aced to cotton meal . 

) 8. Wolf, H. and Jackson, E. W. Hepatomas in rainbow trout: descr iptive and experimental 
epidemiology. Science 142 :676, 1963. 

) 

I 
) 

~ 
9 

First evidence that cotton meal in dry trout ration was responsible for hepatomas. 

Aflatoxin is implicated as cause of ' hepatomas. 

A hI L M H l J E ""nd Wogan G N Hepatoma and Af I atox i cos is in Trout . s ey, 0 ., aver, •. , a ' •• 

Fed. Proc. 23:105, 1964. 
Crude Afla t ox i n fed to trout in a dose of 80 p ~ p . b. causes hepatomas. 



( 

I 
' I 

i 
' 

Page 8 

crystal I ine aflatoxin proven to be responsible for trout hepatomas. 

Ashley, L. M., Halver, J. E., Gardner, W. K. and Wogan, G. N. Crystalline aflatoxins 
cause trout hepatoma. Fed. Proc. 24:627, 1965. 
Crystal I ine aflatoxin B-1 produced hepatomas in 5 months. Approximately 20 mg 

given to a 200 gm trout ca uses acute hepatic toxicity. 

~~DISEASE (or acute aflatoxin poisoning) 

Jn Turkeys. 
1·1. Stevens, A. J., Saunders, C. N., Spence, J. B. and Newnham, A. G. Investigation into 

d isease of turkey poults. Vet. Rec . 72 :627, 1960. 
First c l inical description of Turkey X disease. 

ouc ks and chickens. 

12 . Asp I i n, F. D. and Ca rnaghan, R.B.A . The toxicity of certain g roundnut meals for 
pou lt ry wi t h specio . reference to their effect on duck! ings and chickens. The Vet. 
Record. 73: 121 5, 196 1 . 

Ducks and chickens also get "Turkey X" disease. Trial feedings imp I icate Brazi I ian 
pea nu t s as the source of the tox in. 

and 
13. AI !croft, R. and Carnaghan, R.B .A. Toxic Products of Groundnuts (peanuts). Chem. 

at" ~ Ind. January 12, 1963 , page 50 . 
Reviews much of the unpublished early obse rvations on "g roundnut po i soning" in 

England, Spain and Hu ngary . 

Cat t I e. 

14. Loosmore, R. M. and Markson, L. M. Po isoning of cattle by Brazi I ian groundnut 
meal. The Vet. Record 73:813, 1 96~ . 

The f irst ev idence that catt le ca n develop cirrhosis and f atty I iver from peanuts. 

15 , Loosmo r e, R. M. and Harding, J.D.J. A toxic factor in Br azil ian groundnut causing 
I iver damage in pigs. The Vet. Record 73:1362, 1961. 
First evidence that "Turkey X" disease could affect mammals, and here produces 

t ypical fatty I iver and portal cirrhosis. 
' 

Hor ses, mice. 

16. Burnside, J. E., Sippel, W. L., Forgacs, J . , Carll, W. T., Atwood, M. B. and Do l l, 
E. R. A disease of swi ne and cattle caused by eating moldy cor n I I. Experimental 
prod uct ion wit h pure cultures of molds. Amer. J. Vet. Res. 18:817, 1957. 

A. Flav ius and P. rubrum grow on corn and are responsible for "moldy corn disease" 
in cattle. Swine, mice, ho r se alI deve lop I iver damage and jaundice. 

[)529 s . 

1"7 , Newberne, J. W., Bailey, W. S. an d Se ibold , H. R. Notes on a recent outbreak and 
Exper imental Reproduct ion o f Hepatitis X in Dogs. J . Am . Vet. Assoc. 127:59, 1955. 

Th ree "epi demics" o f a disease characterized by j au nd ice , fa tty I iver preceding to 
cirrhosis i n dogs of t he southeastern United States is desc r ibed. The disease is 
reprod uced by feeding either of two lots of dry dog food. 

and -
Bailey, W. S. and Groth, A. H. The relationship of Hepatitis X of dogs and moldy corn 
poisoning of swine . J. Am . Vet. Assoc. 134:514, 1959 . 

Co rn contaminated wi th Aspergil Ius or Pen ic i I I ium when fed to dogs wil I produce 
"Hepatitis X". 
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Madhavan , T. V. , T•1lpule, P. G. , Gopalan, C. Aflatoxin-indlced hepatic fibrosis in 
r hesus monkeys . Ar ch. Path. 79 :466, 1965 . 

I I mg . of af latox i n per day caused portal cirrhos i s and death in monkeys in 32 days. 
Th i s i s probably the first expe ri mental production of portal cirrhosis in a primate. 

pUR IFIED AFLATOXIN WILL REPRODUCE "GROUND NUT POISONING"IN DUCKS . 
I 

I 20 · But le r , W. H. Acute I lver injury i n duckl ings as a result of aflatoxin poisoning. 
J . Pa t h. Bact . 88: 189, 1964 . 

I 
I 

I 
r 

Care f ul desc r ipt ion of sequent ial acute changes of oval eel I prol lferation in I lver; 
produced with as I ittle as I . 5 mg of aflatoxin . 

And in rats . 

t 21 • But ler , W. H. Acute tox ic ity of aflatoxin in Bl in rats. Brit . J . Cancer 18:756, 1964. 
A s i ngle dose approximately I . 5 mg . of aflatoxin causes progressive bl I lary prol lferation 

and co l logen depos ition which continues for at least one month . 

CAUSE OF TURKEY X DISEASE TRACED TO ASPERGILLUS FLAVUS: ISOLAT ION AND CHEMICAL IDENTIFICATION 
Of AFLATOXIN 

A toxic facto r first noted in peanuts 

I, 22 . Sa rgeant, K. , O'Kelly, J., Carnaghan, R. B. A. and Allc roft, R. The assay of a toxic 
princ iple in certa i n groundnut meals . The Vet . Record 73 : 1219, 1961. 

I 
I. 

First successful preparation of a chloraform soluble factor from peanuts which would 
cause acute tox icity in ducks . 

Aspe rg i I I us 'i I avus was next imp I I cated . 

23. Sa rgeant, K., Sheridan, A. , O'Kelly, J . and Carnaghan, R. B. A. Toxicity associated 
with certa i n samples of groundnuts . Nature 192 :1 096, 1961 . 

Fi rst not ed t hat A. Flavus contaminated the polson nuts . A chloroform soluble, 
fluorescent mater ial was responsible for Turkey X disease . 

"Aflatox i n" pur i f ied in 3 sepa rate laboratories . 

24 . Smith, R. ~. and McKernan, W. Hepatotox ic acti on of chromatograph lcal ly separated 
fract ions of aspergl I Ius flavus ext racts. Nature 195 : 1301, 1962 . 

Isolation of five separate "aflatoxlns" from A. flavus . 

25. DeLongh, H. , Beerthuis, R. K. , VIes, R. 0 . , Barrett, C. B. and Or d, W. 0 . Investigation 
of the facto r in groundnut meal responsible for "turkey X d i sease". Biochim. Biophys. 
Acta 65:548, 1962 . 

Th i n layer chromatographic isolation of fou r toxic compounds from A. flavus-molecular 
we ight 3 12 . 

Crystal I ine Aflatoxin. 

~6 . van der Zijden, A.S . M. , Blanche Koelensmid, W.A . A. , Bold i ngh, J . , Barrett, C. B., Ord, 
W. 0 . and Philp, J . Isolation in crystal I ine form of a t ox i n responsible for Turkey X 
d i sease . Nature 195 : 1060, 1962 . 

and 
Nesbitt, Brenda, O'Kelly, J., Sa rgeant, K. and ,Sheri dan , A. Tox ic Metabolites of 
Aspergi I Ius flavus . Nature 195 :1 062, 1962 . 
The simultaneous isolation of crystal I ine "aflatox i n" by Unilever and Tropical 

Products Insti tute . 
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Sa rgeant , K. , Carnaghan, R. B. A. , and AI !croft, R. Aflatoxin : Chemistry and Origin. 
Chern . and rnd. Jan ua ry 12, 1963 . 

Rev iew of earl y chem i stry of i so lat ion of aflatoxin . 

st r uct ura l stud ies . 

van de r Me r we, K. J . , Fou ri e, L. , and Scott, de B. 
Chern . and Ind . 1660, 1963. 

Fi r st i nd icat ion of struct ure of aflatoxins. 

On the structure of aflatoxins. 

I 30. Bong Chang , S., Abde l Kade r, M. M. , Wick, E. L. and Wogan, G. N. Aflatoxin B2 : 
Chem ica l identi ty and bio log ica l act ivity . Science 142:1191, 1963. 

Pre l imi na r y ident i f icat ion of st r uctu res of aflatoxin BJ and B2 . i 
. 31 • . Asao, R. , Bach i , G., Abde i -Kader, M. M., Chang, S. B. , Wick, E. L. and Wogan, G. N. 

Af lat ox i ns Band G. J. Am . Chemical Soc . 85:1706, 1963. 
The c hem ica l d i f fe rent iat ion of aflatoxin Band G by the MIT group. 

structures of Af latox ins estab li shed. 

I ;2 . 
Asao, T. , B~th i , G., Abde i -Kade r , M. M., Chang, S. B., Wick, E. L. and Wogan, G. N. 
The st r uctu res of afl atox i ns Band GJ . J . Am. Chern . Soc. 87:882, 1965. 

Def i n it ive st r uctura l ident i fi cation of aflatoxin~ and G1• 

t 
I 

l 
I 
r 

AFLATOX IN WILL ALSO PRODUCE TUMORS IN RATS AND PROBABLY IN ALL ORGANS 

Rats - I ive r . 

33 . Lancast e r , M. C., Jenk i ns, F. P. and Phi lp, J. Mel. Tox icity associated with certain 
samp les of groundnuts . Na t ure 192 : 1095, 1961 . 
Ni ne o£ e leven rats f ed Braz il ian peanuts developed hepatomas; two had pulmonary 

metast as i s . 

Rat - I ive r . 

34 . Schoent a l , R. Liver changes and primary I iver tumours in rats given toxic guinea 
p ig d iet <M. R.C. diet 18) Br i t . J. Cancer 15:812, 1961 . 
Evi dence that ( I) groundnuts i n guinea pig diet are responsible for I iver deaths 

i n gu i nea p igs and (2) this mea l fed for 12 months causes hepatomas in rats. 

!ats - I iver and kidney . 

35 . Salmon, W. D. , and Newberne, P. M. Occurrence of hepatomas in rats fed diets containing 
pean ut mea l as a major sou rce of protein . Cancer Res . 23:571 1963 

Noted high i nc idence of "spontaneous" hepatoma in · Charles River experimental rats. 
Traced t o peanut meal . "U . S. Commer ical" . 15 of 88 rats had hepatomas in I year, 
64/73 i n 1-1 /2 yea r s . Kidney t umors in 16/73. 

~s - subcutaneous sa rcoma and I iver . 

36. Dickens, F. and Jones, H. E. H. The carcinogenic action of aflatoxin after its 
subcutaneous i nject ion i n the rat . Brit. J. Cancer 17:691, 1963. 
Rats inj ected with 50 mg or 500 mg aflatoxin twice per week. AI I developed 

sarcomas even on lower dosage. 

Purif ied af latox i n i s responsib le for the tumors produced by peanuts and is the most potent 
Carc inogen so far discovered . 

Barnes, J. M. and Butler, W. H. Ca rcinogenic activity of aflatoxin to rats. Nature 
202: I 0 16, I 964 . 

Pur i fied af latoxin I .75 ppm wi I I cause hepatomas in rats. Total dose 2 .5 mg/rat. 
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Rat - lung , stomach, sa livary gland, orbit. 

38 . Butl e r , W. H. and Ba r nes, J. M. Tox ic ef f ects of groundnut mea l conta ining af latox i n 
to rats and guinea-pigs. Bri t. J. Cancer 17:699, 1963 . 

Rats fed 0 . 35 to I , 6 ppm af latox i n for 26 weeks had hepatomas as we i I as pr imary tumors 
of t he kidney, lung, stomach, salivary g land and or bit , Gu inea pigs d ie in 3 weeks on 
th i s dose of af latox i n. 

Rat - stomach, r ectum. 

39. Ba r nes, J. M. Ca rci noma of the glandular stomach i n rats given diets contain i ng 
af latoxin . Nature 209:90, !966 . 

Rats fed 3-4 ppm of aflatox i n for 3-104 weeks. Four carcinomas of the stomach and one 
of the rectum resulted . 

TABLE 4 

Relat ive ca r cinogen icity of aflatox in 

Agents Species 

DAB Rat 
(p - d imethylam ino azobenzene) 

P - dimethyl aminophenyl azo qu inolinE Rat 

af la tox i n Rat 

aflatox i n Trout 

Level/day to produce hepatomas 

3,000 J.Jg. 

I , 000 J.l g. 

6 J.Jg. (approx . 600 parts 
per bi I I ion in diet) 

0.005 J.Jg. (0.5 parts per bi II ion 

A. FLAVUS IS ONE OF THE COMMONEST MOLDS CONTAMINATING GRAINS . 

Its growth characteristics and measu res taken to contro l i t are described in the follow i ng 
papers. 

40 . Austw ick, P.K. C. , and Ayerst, G. Groundnut mic rofl ora and toxicity . Chern . and Ind. 
January 12, 1963, page 55. 

Reviews condit ions needed for A. Flavus growth on nuts. 27 to 30% of peanuts have been 
shown to contain A. flavus. Mold grows both before harvest i ng and during prolonged 
dry i ng . A. Flavus requ lres relati vel y high humid i ty of 70% . 

41. Forgacs, J. and Car I, W. T. "Mycotoxicoses" i n Advances in Veterinary Sc ience, 1962, 
Academ ic Press, New rork, page 273 . 

An excel lent and thorough discussion of the many toxins produced by molds which cause 
disease in animals and man . AI I flour contains mold . 

42. Graybi l I, H. F. and Shimkin, M. B. Carcinogenes is r el ated to foods contaminated by 
nrocessing and fungal metabo lites . Adv. CAncer Res. 8:191, 1964. 

Exte ns ive review of ent ire mycotoxin problem . 

43. Irving, G. W. USDA research program on mycot oxins . J . Am. Oi I Chemists' Soc. 42:446A, 
1965. 
Su r veys measures to detect and reject aflatoxin containing peanuts. Most peanuts with 

broken pods are contaminated with A. Flavus but less than 1% of "better aual ity" nuts 
have been rejected. Approximately 3% of "lower qual ity"nuts were rejeci ed in 1964 . 
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Spens ley, P. C. Af latox i n, the act ive pr i nciple In Turkey X d i sease . Endeavour 22:75, 
1963 • 

. ·· A good genera l rev iew of the agr icu ltu ra l prob lems of "g roundnut" tox ic i ty and Turkey X 
d i sease . 

j orHER MO LDS THAN A. FLAVUS CAN PRODUCE AFLATOX IN OR HEPAT ITIC TOX INS 

I 
, pen lc ll I i um pube ru l um . 

· 45. Hodges, F. A. , Zust, J . R. , Sm ith, H. R., Nelson, A. A. , Armbrecht, B. H. and Campbell, 
A. 0 . Mycotox l ns : aflatox in Iso lated from pen ic i I I ium puberulum . Sc ience 145 : 1439, 1964. 

Pen ic i l I i um puber u l um wi I I produce both af latox ins B1 and G1. 

, pen ic il I l um l s land lcum. 

46 . Kobayash i , Y. , et a l . Tox ico log ica l Stud ies on the Ye ll owed Rice by P. i s l and icum 
Sopp . Ill . Proc . Japan Acad . 35 : 50 1, 1959. 

Experi menta l ve ri f icat ion of pri ma r y hepatic carc i noma of rats by long-te rm feeding 
with fungu s-conta i n i ng- ri ce ~ Both hepatomas and sarcomas produced in rats fed r ice 
contam inated on ly with P. l sland lcum. 

and 
Ur aguc hi , K. , Tatsuno, T. , Tsukioka, M. , Suka i , Y., Sakai, M., Enomoto, M. and 
Kobayash i , Y. Toxi co log ica l app roach to the metabo l ites of pen ic ll I lum l s land lcum 
Sopp gr ow i ng on t he ye ll owed ri ce . Japan J . Exp . Med . 3 1 :I , 1961 . 

Rev iews t he pr oblem of "ye ll ow" r ice In Japan and demonst r ates a hepatotox in in 
P. l s land icum contam i na t ing ye l low r ice . 

Pen ic il I i um r ub r um 

48 . See refe r ence 16 . 
P. r ub rum probab ly prod uces the same toxin as A. Flavus . 

AFLATOX INS ARE EXCRETED IN MILK AND ARE NOT DESTROYED BY PASTEUR IZAT ION 

1 49 . de longh, H. , VIes, R. 0 . and van Pelt, J. G. Mi l k of mammals fed an aflatoxin con
ta i n i ng d iet . Nature 202 :466, 1964. , 

so . 

Cows f ed a f latox i n excrete a toxic "milk facto r " s imil ar to but not identical with 
af latox i n. 

AI lcraft , R., Roge r s, H., Lew i s, G. , Nabney, J. and Best, P. E. Metabo li sm of 
af lat ox i n i n sheep : exc ret ion of the "milk toxin". Natu re 209 :1 54 , 1966. 

Mi lk f rom sheep fed af latoxin contain an aflatoxic metabol ite which retains its toxic ity. 

MECHAN ISM OF AFLATOXIN CARC INOGENIC ITY 

Inh i bi t ion of protein synthes i s . 

51 . Sm ith, R. H. The influence of tox i ns of aspergil Ius flavus on the inco r porat ion of 
[C I4] leuc i ne into proteins . Biochem. J. 88:50P, 1963 . 

La rge doses of aflatoxin inh i bits prote ~ n synthesis in I iver slices . 

( Inh i bit ion of RNA synthes i s. 

~ 52. Cli fford, J. I. and Rees, 
Nature 209:312, 1966 . 

Af latox i n bi nds d i rect l y 
protein synthesis. 

K. R. Af latoxin : a site of action in the rat I iver eel I . 

to nuc lear DNA and inhibits RNA synthes i s and later - 15 minutes -
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' Hepatomas character i st ica lly lose the cho leste rol feedback system . 

Si pe rste i n, M. D. and Fagan, V. M. De leti on of the cho lestero l-negat ive feedback system 
in I ive r t umo r s . Cancer Research 24:1108, 1964 . 
Three hepat omas show loss wi th cho leste ro l feedback system . 

Si pe r ste i n, M. D., Fagan, V. M. and MOrris , H. P. Furthe r studies on the delet ion of 
t he cholestero l feedback system In hepatomas . Cancer Resea rch 26 :7, 1966. 

Sipe r ste i n, M. D. De let ion of the cho lestero l negative feedback system in precancerous 
I iver. Jo Cl i n. Invest. Abst ract to be pub li shed • 
Aflatox i n causes loss of the cho lesterol f eedback system . 

Ke ll ogg, K. K. 
1964 . 

Xanthomatos i s i n lay i ng hens -a case report . Pou ltry Science 43:777, 

Xan t homa t os i s i s a ve r y common d i sease in hens . He re traced to feed contaminated with 
1 A. fl avus. 

Af latox i n wi I I a l so i nterfer with metabol i sm i n plants. 

Af latox ins and 'Alb i nism' in plants. Natu re 205:57, 1
1
( 57 . Schoentha l, R. and Wh i te, A. F. 

1965 . 
Af lat ox i n comp lete l y blanches p lants probably by stopp i ng ch lorophyl synthes is. 

HUMAN HEPATOMAS IN THE UN ITED STATES 

The re i s ev i dence of an i nc reas ing i nc idence of hepatomas in the United States. 

58 . Steiner, P. E. Ca rc i noma of the I ive r in the Un ited States.Acta Un io. Inte r-National i s 
Cont r a Cancrum 13 :628, 1957 . 

A gener~l r ev iew of a lI avai fable stat istics . 

59 . Patton, R. B., and Ho r n, R. C. Primary I iver cancer. Cance r 17 :757, 1964 . 
Rev iews the Hen ry Ford Hospita l and prev ious I iterature . Concludes that the 

incidence i n the Un ited States i s ris ing . 

60. Benner, E. J. and Labby, D. H. Hepatoma: cl inica l exper iences with a frequently bizarre 
tumo r. Ann. Int . Med . 54 :620, 196 1. The Oregon Uni versity cases of hepatoma are reviewed. 
Bri e fl y summa rizes evidence that the i nc idence i s i ncreasing. 

61 , MacDona ld, R. A. Pr ima r y carc inoma. of liver, cl inicopathol igi c study of 108 cases . 
Arch. I At. Med . 99:266, 1957 . 

Boston City Hosp ital experience -the incidence of hepatomas has doubled from 1947-1954 
as compa r ed with prev ious 30 years . 

~AN HEPATOMA INC IDENCE T~ROUGHOUT THE WORLD 

Hepa t oma i s pr imari ly a d i sease of the moist tropical areas of the world. 

62, 

63 , 

Berman, C. Pr imary carcinoma of the I iver i n Advances in CAncer Research 5:55, 1958. 
and · 

Be rman, C. Pr imary Carcinoma of the LTVer H. K. Lewis, London, 1951. 
Extensive reviews of the geographical distr i but ion of hepatoma. 

Af ri ca --
Oettle, A. G. 
Cancer lnstit. 

Most extensive 
the possib ili ty 
I i ver tumors. 

Cancer in Af ri ca, especially i n regions south of the Sahara . J. Natl . 
33:383, 1964. . 
and balanced discuss ion of incidence of alI cancers in Africa. Raises 
that A. flavus contaminat ion may be responsible for high incidence of 
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Mozamb ique, Africa 

65. Prates, M. D. Ma li gnant Neoplasms in Mozambique. Brit . J . Cancer 12:177, 1958. 
Ca r c inoma of the I ive r accounts fo r 43% of al I tumors i n Af ri can men in Mozambique 
and i s tw ice as common as i n Sout h Afr ica . 

West Af ri ca 

66. Fi nd lay, G. M. Observat ions on pri ma ry I iver carcinoma in West African so ldiers. 
J. Roya l Mic ro . Soc . 70: 166, 1950 . 

70% of cance r deaths in West Af rica n Nigeri an so ld iers during World War I I were due to 
hepatoma . 

Indones ia 

67 . Bonne, C. Cancer i n Java and Sumatra. Am. J . Cancer 25 :81 I , 1935. 
Hepatoma i s t he commonest cancer amongst both the Chinese and native Indonesians of 

Indones ia. 

Ind ia 

68. Reddy, D. G. and Rao, K. S. Primary carcinoma of the I iver among South Indians. 
J . Ind ian Med. Assoc . 39 : I , 1962. 

One of t he f ew stud ies of hepatoma in India . The i nc idence of hepatoma in southern 
India (Mad ras ) i s as hig h as i n Afri ca . Liver tumors in northe r n India (Bombay) are 
less common . 

Hong Kong and Ch i na 

69 . Hou, P. C., Schwe iz, 7. Pri mary carcinoma 'Of the I iver i n the community of Hong Kong . Path. 
Bakte ri o l' 18:657, 1955. 

35% of a lI cance r s end 7% of a lI deaths i n Chinese (Cantonese) in Hong Kong are due to 
hepatoma . Cirrhosis is seen i n a lI malignant I ivers. 

Ma laya 

70. Marsden, A. T.H . The Geog raphica l Pathology of Cancer in Malaya. Brit. J. Cancer 12:161, 
1958 . 

Inc i dence of hepatoma i s h ig h - 5% of Ch i nese and Ma lays in Malaya and in Singapore . 
There i s no 'a ssoc iat ion with malnutrition. 

Japan 

71. Takeda, K. Cance r of the stomach i n Japan from the viewpoint of Pathological Anatomy. 
Schwe i z z Path u Bakt. 18:538, 1955 . 
Carcinoma of I iver i s about tw ice as common in Japan as i n U. S. 

72. See a l so refer ence 47. 

STATE OF UNDERNUTR ITI ON IN TROPICAL COUNTRIES HAS BEEN WELL DOCUMENTED 

73 . Berman, C. Nut r i t iona 1 states in the causation of primary I iver cancer . Schweiz z 
Path u Bakt. 18:598, 1955. 

An extensive report of an i nte r nat ional survey of world nutritional states reviewed in 
regard to kwashiorkor and I iv·e r ca ncer. The author suggests that low protein diets 
may be respons i ble for both but clear cut disassociations i n Jamaica, South and Central 
Amer i can - high kwashiorkor, low hepatoma; and in Singapore, Japan and Indochina and 
Ph i l i )p ines- low kwashiorkor and high hepatoma rates are present. 
The ma i n sou rce of food throughout the tropics is rice or maize eaten usually after 

storage or purposely f e rmented, eg .rice cakes of Indonesia. 
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THE RE LATIONSH IP OF MALNUTR ITI ON AND KWASH IORKOR TO CIRRHOS IS AND HEPATOMA 

There Is no ev idence tha t e i t he r sta rvat ion or a low prot e i n d iet causes c ir r hos i s i n 
e i t he r an ima l s or man. 

74. Ha r troft, W. S. in Rou i ll e r 's "The Li ver" II , Acad . Press, New York, 1964, page 489 . 
Cirrhos i s Is not seen in rats who a re sta r ved . 

75. Sherl oc k, S. and Wa lshe, V. Effect of unde r nutriton i n man on hepat ic st r ucture and 
f unct ion. Natu r e 16 1:604, 1948 . 

Ch ron ic unde r nut r iti on t o t he po int of edema in a post wa r German c ity d i d not produce 
c ir r hos i s in any of 21 c iv ili ans stud ied by I iver biopsy. 

The re i s good evi dence t ha t Kwash ior ko r does not cause t he cirrhos is. 

76 . Brock, J . F. Su rvey of the wor l d s ituat ion on kwashio r ko r. Ann . N.Y. Acad . Sc ience 
57:696, 1954 . 

and 

77 . Gill man, J. and Gi I lman, T. Pe r spect ives i n Human Nutrit ion . 195 1, Gr une and St ratton, 
New York . 

and 
78 . Gill man and Gi l bert. Aspects of nutrit iona l I iver d isease- human and expe ri menta l. 

Ann . N. Y. Acad . Sc ience 57 :737, 1954 . 

These stud ies conclude t ha t (I) kwash ior ko r does not lead t o t he c irrhos is of the Bantu 
and (2) Ame ri can kwash io r ko r i s not assoc iated w i t~i rr hos i s. 

Kwash ior ko r Is probab ly due so le ly to lack of prot e i n i n the ch i ld's d iet . 

79. Lowe, E. C. , Pretor ius, P. J . , Dan ie l , JG.A. and Hend r ickse, R. G. Kwash ior kor 
and prot e in ma l nutr it ion : a d ietary t he rapeut ic tria l . Lancet 2:355, 1955 . 

Vitam i n-free case in wil I r eve rse t he s igns and sympt oms of kwash ior kor as we i I as 
wit I who le dr y mil k. Mo reove r same r esponse can be produced with mixture of 18 am i no 
ac ids p lu s v itamins. 

80 . Higg i nson, J . , Grobbe laa r, B. G. and Wa l ker, A. R. P. Hepat ic f i bros is and c irrhos is i n 
man in re lat ion t o ma lnutr it ion . Am. J. Path . 3 :329, 1957. 

An exce l lent d i scuss ion of kwash ior ko r and c i r r hos i s conc lu di ng that the two a r e un
re lat ed d i sea ses . The adu lt Bantu consumes 63 to I 12 gms . prote i n pe r day; chol ine i ntake 
equa l s that of wh ite popu lati on . 

81. Higginson, J. Re lat ion of ca rci noma of the I ive r to c i rrhosis, ma la r ia, syph i I is 
and pa ras it ic d i seases. Schweiz z Path . Bakt . 18:624, 1955 . 
Constant re lat ionsh ip between c irrhos i s and hepatoma i s c lea r. Sideros is i n Af ri ca i s 

not re lated t o e ither po r tal c i r r hos i s, end hepatomas a re seen bot h in popu lat ions without 
s i de ros i s (Uganda ) and In those who don't dri nk (Mos lems ). 

82. Higg i nson, J. The geographical patho logy of pr imary I lve r cancer . Cancer Research 23 : 
1624' 1963 0 

Bri e f r evi ew of r e lat ionsh ip between c irrhosis, kwa s hiorkor and hepatoma cance r , 
espec ia lly in Afr ica . Conc lu des that c irrhosis and hepatoma may have a common et iology 
but t hat kwash ior kor i s un re lat ed . 

83 . Sr i kant ia, S. G., Sri r amach i , S. A fo l lowup study of fifteen cases of "Kwash ior ko r " . 
Inn . J. Med. Res . 46:121, 1958. 
Fif teen cases of Kwashiorkor followed for up to 8 years wi th I ive r biops ies show no 

ev i dence of fibrosis. 
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84 . Acha r , S. T. Lecture VI I I Inte r nat ional Pediatr ic Conference, quoted i n Refe r ence 83. 
17 cases of "K" fo l lowed with biops ies 4-8 years without c irrhosis. 

MO LD CONTAM INAT ION IS A SIGN IFICANT PROBLEM, ACCIDENTAL OR INTENTIONAL, IN MOST OF THE GRA IN 
OF THE TROP ICS 

Ove r 30% of ma ize i n South Africa i s contam inated with A. flavus-oryzae . 

85 , Nat iona l Nut riti on Research Institute Annua l Report, 1961-1962. South Af ri can Counci I for 
Sc ien t i fi c and Industr ial Resea rch Special Feport 8: 1, 1962. 

"Yel low" r ice i n Japan 

86 . See Refe r ence 47. 

A f lavus i s i nt ent ional ly used (in p lace of yeast) throughout t he Or ient to ferment r ice 
( bee r , sake, and rice cakes), barley (beer), and soy beans (soy sauce i s made by pro longed 
f e rmen t ati on wi th A~ flavus) . 

87. Thorn, C and Raper, K. B. "A Manual of the Aspergi I Ii", Wi II lams and Wi lk i ns, 1945, 
pages 259, 269-271, and 249. 

ALC080L AND CIRRHOS IS 

The r e lat ion of c irrhos is to hepatoma is wei I establ ished . 

88. Ha l I , J. W. and Sun, S. C. Effect of portal cirrhosis on the development of carcinomas . 
Cancer 4 :1 31, 1951. 

App r ox imate ly 80% of I iver carcinoma occurs in previous ly cir r hotic I Ivers. 

89. Levy, C. M. , Ge l lene, R. , and Ning, M. Pr imary Live r Cance r in Cirrhos i s of the 
Alcoho li c . Ann . N. Y. Acad . Sc ien. 114:1026, 1964. 

8ft% of a lcoho l ics with cirrhosis develop hepatomas, but author finds incidence of 
hepatoma 50% i n severe c irrhot ics. 

Alcoho l 

90. Kla"ts kin, G. Effect of alcohol on the I iver. J . A. M. A. 170:119, 1959. 
Excel lent d iscussions of the relationship of alcohol to c i rrhosis. 

"' 91. Klatsk i n, G. Alcohol and its relat ion to I iver damage . Gastroenterology 4 1: 443, 196 1. 
A ba lanced review of the relationship of alcohol ism to cirrhosis, exper imenta l and 

c I in i ca I. 

Cho li ne def ic iency plus alcohol can cause I iver nec rosis and diffuse cirrhos is. 

92 . Lowry, J. V., Ashburn, L. L., Daft, F. S., Sebrel, W. H. Effect of alcohol in 
experi menta l I iver cirrhosis. Quart. J. Stud. Alcohol 3: 168, 1942. 

93. Ha rtroft, W. S. "Experimenta l Cirrhosis in the Liver", Vol 2, Rouille r , C. Acad . Press, 
1964 . 

But a lcoho l a lone does not lead to cirrhosis in anima l s. 

94. Moon, V. H. Expe ri mental cirrhos is in relati on to human ci rrhos i s . Arch . Path . 

95. 

I 8: 38 1 , I 934 . 

Ashwort h, C. T. 
adequate d iet . 

Production of fatty infiltration of I iver in rats by alcoho l desp i te 
Proc. Soc. Exp. Bioi. and Med . 66:382, 1947 . 
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96. Rou ill e r , C. L. Exper imental Toxic Injury of the Liver in "The Liver", Vol . 2, 
Acad . Press, 1964, page 335. 

Comp let e rev iew of a l I known hepatic toxins (aflatoxin is not mentioned) . 

Ethano l wi I I cause a fatty I iver. 

97 . Lieber, C. S. Hepat ic and Metabolic Effects of Alcohol . Gastroenterology 50 : 119, 1966 . 

Complete rev iew of ethanol i nduced fatty I iver . 

But there i s no ev idence that a fatty I iver ever leads to cirrhosis . 

98 . Di ble, J. H. Degeneration, Necros i s and Fibrosis of the Liver . Brit. Med . J . I :883, 
1951 0 

Di scuss ion of weaknesses in experiments claiming to have produced cirrhos i s in anima l s 
by nut ri tiona l means. Fatty I iver in man or animals does not lead to cirrhosis. 

There i s no evidence that alcohol per se causes cirrhosis in man and pu re ethanol does not 
aggravate established cirrhosis. 

99 . Erenoglu, E. , Edreira, J. G. and Patek, A. J . Observations on patients with Laennec's 
c i rrhos i s receiv ing alcohol while on control led diets. Ann. Int . Med. 60:814, 1964. 

Twenty-two pat ients wi th mode rately severe cirrhos i s received 198 ml of abso lute alco
hol per day for two months . Eighteen improved and two showed some deter ioration. Only 
one showed progressive c i r r hosis. 

100. Patek, A. J., Jr. and Post, J. Treatment of cirrhosis of the Liver by a nutr i t icus d iet 
and supplements rich in vitamin B Complex. J . Cl in. lnv. 20:481, 1941. Nil 

Four cirrhotics g iven nine ounces of 40% ethanol a day for 6 to 18 months showed~return 
of s igns or symptoms of c i rrhosis . 

10 1. Summersk i ll, W.H.J., Wo l fe, S. J., and Dav idson, C. Response to Alcohol in Chronic 
Alcohol ics with Liver Disease. Lancet 535:1957 . La rge doses of pure ethanol (90-120 ml 
90%/day) caused increased appetite and body weight i n established cirrhot ics . Liver 
ht stology and function tests improved. 

Conclude : "Alcohol may have a place in the treatment of I iver disease" 

POSSI BLE RELATION, OF AFLATOXIN TO OTHER TUMORS 

See References 36, 38, 39 and Table 2. 

102. Terry, L. Smoking and Health -Report of the Advisory Committee to the Surgeon General 
of the Publ ic Health Service . Public Health Ser v ice Publication No. I 103, page 148 . 

103. Wynder, E. L., Brass, I. J . and Feldman, R. M. A study of the et iolog ical factors in 
cancer of the mouth . Cancer 10:1300, 1957. 

Smok ing is an important factor in development of cancer of the mouth (smok ing increases 
the risk 3x); alcohol independently increases the risk lOx. 




