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The Influence of Postnecrotic Cirrhosis on

Aflatoxin Carcinogenesis in Rats

Suia-CHIEN Sun, M. D., Ru-Donc WEI, Pu.D., AND BERTON T. SCHAEFFER, M.D.

Medical Research Department, Veterans General Hospital, and Department of Pathology,
United States Naval Medical Research Unit No. 2,
Taipei, Tatwan, Republic of China

Small doses of aflatoxins B, and G; administered
by intraperitoneal injection to rats with CCl,-induced
postnecrotic cirrhosis rapidly cause hepatocellular
carcinoma and advanced atypia of liver cells. Follow-
ing administration of 600 ug. of aflatoxins in three
equal weekly doses to groups of animals with mod-
erate to severe cirrhosis, 11 of 16 animals developed
hepatoma within 12 weeks. When aflatoxins of the
same dosage were administered to animals with fatty
livers induced by ethanol, no hepatic tuinor growths
were found. Thirteen of 20 animals died within 37

Cirrhosis of the liver has long been implicated in the
development of primary liver carcinoma? It jas been
postulated that regenerative nodules in postnectotic cir-
rhosis may be precursors of liver cancer. A recent review
considers the influence of aflatoxins, which are food con-
taminants in some parts of the world, in the causation of
hepatoma.! On the basis of the supposition that the nod-
ular hyperplasia occurring in postnecrotic cirrhosis is a
predisposing factor in the histogenesis of liver cancer, the
effect of postnecrotic cirrhosis induced by carbon tetra-
chloride (CCl,) on aflatuxin carcinogenesis was studied in
rats by using sraall doses of these toxins and employing a
shorter period of time. This paper presents the results of
these observations.

MATERIAL AND METHODS

Aflatoxins were produced by Aspergillus flavus, ATCC
15517, grown on semisynthetic medium,* extracted with
chloroform, and assayed quantitatively and qualitatively
by a thin layer chromatographic method as described by
Shotwell ef al.'* A crude aflatoxin preparation containing
B,, 57 per cent, G,. 41 per cent, and B. and G, in trace
amounts was used in experiments. The toxins were dis-
solved in N, N-dimethyl formamide-propylenc glycol (1/1,
v/v), with a total concentration of 1.0 mg. per ml.

Four experiments on allatoxin carcinogenesis were con-
ducted on albino rats pretreated with carbon tetrachlo-
ride and or ethyl alcohol. In each experiment, equal
numbers of male and female animals weighing 150 to 200

weeks after administration of 1.6 mg. in eight equal
weekly doses, including three with hepatocarcinoma
and others with parenchymal liver necrosis and/or
pulmonary infection. Among the seven that sur-
vived, two developed liver cell cancer and two had
atypical ductular hyperplasia. The data suggest that
regenerative liver cells in cirrhotic nodules are more
susceptible to environmental carcinogens such as
aflatoxins.

Additional key words: Liver cell carcinoma.

gm. were kept in separate cages and maintaired on a
laboratory chow diet.

EXPERIMENT 1

This experiment was designed to study the short term

effect of aflatoxins on postnecrotic cirrhosis of moderate . .

degree. The cirrhosis was induced by administration of
carbon tetrachloride, 0.2 ml. of a 50 per cent concenti-
tion in vegetable oil. twice a week by subcutaneous injec-
tion for 12 consecutive weeks. Four randomly selected
animals were sacrificed 14 to 16 weeks after the first injec-
tion of CCly for histologic confirmation of the degree of
cirrhosis. The 20 remaining animals, male and female in
equal number, were subjected to further aflatoxin admin-
istration after a 4- 1o 6-week resting interval. The animals
received intraperitoneal injections of 200 ug. of aflatoxins
in 0.2.ml. prepared solutions once a week for 3 consecu-
tive weeks. The animals were kept for another 9 weeks
before postinortem examination. )

EXPERIMENT 2

This group of animals was pretreated with carbon tet-
rachloride and ethyl alcohol o induce severe postnecrotic
cirrhosis. The same doses of CCl, for the same period of
time were administered, and simultaneously 5 per cent
ethyl alcohol in water ad libitum was substituted for
water. After 12 weeks, the 10 animals that survived were
subjected to aflatoxin administration. They were allowed
normal drinking water and were maintained for another

368
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TABLE |. PRECANCEROUS AND CANCEROUs LEistons INDUCED BY AFLATOXINs IN RATs wite PRepisposep PostnicroTic CIRRHOSIS

No. with hepatic lesions
. No. of animals ; . No.of |——- e ————
Experimental group (sex Pretreatment Toxin doses Duration :unrlgi'\e:i Advanced Atypical
atypia Hepatoma | ductular
hyperplasia
x|
Postnecrotic cirrhosis, 10 M) 0.2 ml. CCly of 507 conc. 200 X 3 12 5 1 4 0
moderate 10 (F) X 24, twice weekly 6 3 3 0
Postnecrotic cirrhosis, 5 M) 0.2 ml. CCly of 509, conc. 200 X 3 12 2 0 2 0
severe 5 (F) X 24, twice weekly, 3 1 2 0
plus 5% ethanol ad libi-
um X 12 wk.
Postnecrotic cirrhosis, 10 M) 0.2 ml. CCl, of 509 conc. 200 X 8 37 2 1 1 0
moderate 10 (F) X 24, twice weekly 5 2 1 2
Fatty metamorphosis 5 M) 5% ethanol ad libitum X 200 X 3 12 5 0 0 0
5 (F) 12 wk. 4 0 0 0
Normal liver 5 (M) None 200 X 3 12 5 0 0 0
5 (F) 5
Normal liver 5 M) None 200 X 8 37 5 0 4] 0
5 (F) 5 0 0
4 weeks. The aflatoxins and the observation periods were
the same as for animals in experiment 1. Ethanol
EXPERIMENT 3
This group of animals, after treatment with carbon . ]
tetrachloride in the same manner as described in experi- Cirrhosis Cirrhosis
meont 1, was given eight weekly doses of the aflatoxin CcClg CCI4 & ethanol

preparation and was observed for 37 weeks before ne-
cropsy studies.

EXPERIMENT 4

Ten rats were first given 5 per cent ethyl alcohol in
water for 12 weeks. Four weeks after the discontinuation
of alcohol, three weekly doses of the aflatoxins were given
and the animals were sacrificed at the end of 12 weeks.
Thic doses of the aflatoxins were the same as in the above
experiments.

ConTrOL GROUPS

Two groups of animals with no pretreatment were
used as controls. One group of animals received three
weekly doses of aflatoxins and was sacrificed on the 12th
week; another group of animals, given eight consecutive
weekly doses of aflatoxins, was maintained for 37 weeks
until autopsy.

Complete autopsies were performed on all rats after
sacrifice. Tissues were fixed in 10 per cent buffered for-
malin and processed routinely. Multiple tissue blocks
from different parts of each liver were sampled and pre-
pared for histologic examination. In addition to hema-
toxylin-eosin  stain, Gomori reticulum, periodic acid-
Schiff, and Masson trichrome stains were employed for
liver sections.

RESULTS

Evaluation of the degree of cirrhotic change in livers
caused by carbon tetrachloride and the development of

L
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Fic. 1. Livers of rats used in the aflatoxin experiments and pre-
trcated with ethanol, CCl,, or a combination of the two,

precancerous and cancerous lesions induced by aflatoxins
is recorded in Table 1. Severe degrees of postnecrotic
cirrhosis of a coarse nodular type were produced consis-
tently by the combined administration of ethyl alcohol
and CCl, (Fig. 1, lower right); however, mortality was
high during this period. There was marked distortion of
the hepatic architecture with abundant fibrous tissue.
The hepatic cells in regenerative nodules of varying sizes
disposed among the wide fibrous tissue septa had rela-
tively uniform sized nuclei with fine, evenly distributed
chromatin granules. In the groups of animals pretreated
with CCl, alone, the gross picture of the liver showed a
fine nodular cirrhosis of varying degrees. Interlobular fib-
rosis with increased regenerative activity of the liver cells
was manifested by an increased number of binucleated
hepatic cells; focal fatty changes were present. These were
the characteristic histologic features of the livers exam-
ined before aflatoxins were administered. Mild to moder-
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ate degrees of fatty change in the liver were present in
the group of rats fed ethyl alcohol alone for 12 weeks.

In both short term experiments (experiments 1 and 2),
about 50 per cent of animals with postnecrotic cirrhosis
died cither before the cessation of aflatoxin administra-
tion or during the period of observation. Even higher
mortality was encountered in the group of cirrhotic ani-
mals given more aflatoxins and observed for longer peri-
ods of time. Thirteen of 20 animals died before the end
of the experiment: of these, 11 were available for com-
plete autopsies between 5 and 30 weeks following the first
injection of the toxins. Hepatoma was found in three of
the rats and parenchymal hepatic cell necrosis was com-
monly seen. These findings were in addition to nuclear
atypism encountered in the liver cells. Severe pulmonary
in‘ection was invariably noted in animals that died early
in the course of the experiment.

SHORT TERM EXPERIMENTS

After the administration of three doses of aflatoxins
and after a 12-week observation period, the gross changes
in rat livers varied from animal to animal. In some ani-
mals the liver retained the fine irregular nodularity of
postnecrotic cirrhosis. Others exhibited large, protruding
nodules of hepatic cell carcinoma (Fig. 2).

Seven of the 11 animals with postnecrotic cirrhosis of
moderate degree and four of five animals having severe
postnecrotir cirrhosis developed liver cancer evident on
cither gross or microscopic examination. The remaining
animals in these two groups demonstrated marked atypi-
cal morphologic changes of hepatic cells. The atypical
cells exhibited increased periodic acid-Schift staining re-
actions and were characterized by eosinophilic cytoplasm,
relatively large nuclei of variable size with heavy nuclear
membranes, and acidophilic nucleoli (Fig. 3). Massive
atypical hyperplasia of small sized liver cells was noted in
the same instance (Fig. 3). Very often, the cells were ar-
ranged in radiating form around portal veins. The fully
developed hepatoma was mostly of the trabecular type,

P
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b 2 Liver of a vat pretreated with CCl followed by three in-
jections of 200 4z of aflatoxins at 12 weeks. Note multiple large
nodules of hepatoma, cicatricial contracture, and discrete small hy-
pephastic nodules on the surface (arrowes).
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forming short cords or cylindrical masses closely resem-
bling normal cord cells (Fig. 4). Occasional intravascular
metastases were found in three animals (Fig. 5). Other
animals demonstrated large hepatomas of acinar and al-
veolar types (Fig. 6). Ductal proliferation was conspicu-
ous in the cirrhotic livers affected by the toxins in these
groups.

In the group of animals fed 5 per cent ethanol, mild to
moderate fatty changes of liver cells with no alteration of
the lobular histologic architecture occurred. Characteris-
tic Mallory bodies were present among the vacuolated
hepatic cells. Following administration of aflatoxins for
three weekly doses of 200 pg. each with an observation
period of 12 weeks, the liver cells as well as the vacu-
olated cytoplasm exhibited variable sized hyperchromatic
nuclei. Elsewhere, foci of parenchymal necrosis were seen.
No tumor growth was identified in the livers.

LoNe TERM EXPERIMENT

After eight weekly doses of aflatoxins with a 37-week
observation period, two of the seven animals developed
hepatocarcinoma and three had advanced atypia of liver
cells. In addition to the liver parenchymal changes, hy-
perplasia of atypical bile ductules in the proliferated fi-
brous tissue resembling cholangiocarcinoma was noted in
two animals.

Apart from the hepatomas, an adenomatous type of
carcinoma of the lung was demonstrated in one rat and
benign adenomatous hyperplasia within lung tissues was
found in eight animals. No metastasis secondary to liver
cancer was present.

CoNtro1. GROUPS

Livers of control animals without pretreatment with
either carbon tetrachloride or ethanol did not develop
liver cancer following administration of aflatoxin. En-
larged nuclei of variable size in the hepatic cells, cyto-
plasmic vacuolation, and foci of parenchymal necrosis,
however, were commonly seen.

DISCUSSION

Many studies of the histogenesis of liver cancer with
chemical carcinogens have implicated hyperplastic nod-
ules as a probable precancerous lesion. 1* Hepatoma
caused by aflatoxin, however, has been adequately de-
scribed but has not been associated with cirrhosis.” * The
influence of postnecrotic cirrhosis on aflatoxin carcinoge-
netic elfect appears evident from these experiments. In
short term studics with low doscs of toxins, it was ob-
served that about 80 per cent of animals with postne-
crotic liver cirrhosis developed hepatocarcinoma while, in
animals without cirrhosis or with fatty metamorphosis
alone, no tumor was found: only nuclear atypism of the
hepatic cells occurred. The most striking observation was
the demonstration of carly transformation to cancer cells
of the atypical regencerative liver cells within the cirrhotic
nodules (Fig. 3). This may represent a pathway wherein
the toxins affect the hyperplastic regenerative nodules of
hepatic cells in postnecrotic cirrhosis. This may indicate
that the somatic cell elements are the precursors of liver
cell cancers. From what was observed, the rapidly prolif-
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Fie 3 Liver of i treated asin Figure 2 shows massive atypical
hyvperplasia of small sized liver cells. Note also the advanced nuclear
atvpistn of liver cells adjacent to the small cell nodule. Cirrhosis was
cvidenced by petivasculan fibvosis, - 120,

Fre. 4. Liver ol waat shown in Figure 20 Note a histologically well
differentiated, tabeculin type hepatoma dlosely resembling normal
cord eelis. - 240,
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NOT REPRODUCIBLE

Fre. 5. Liver of a v of the same group shows intravenous metas-
tasis of well differentiated hepatic cancer cells. <240,

Fie. 6. Liver of a rat pretreated with CCloand ethanol followed
by three injections of 200 ug. of aflatoxins at 12 weeks, A large
nodule of acinar and alveolar type hepatoma was observed among
the drrhotic regenerative nodules,  x 120,
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erating liver cells following CCly administration devel-
oped rather primitive characteristics. 1t has already been
shown that aflatoxin affects the biochemical action of
cellular DNAS3 13 Aflatoxin may possess a mutagenic
mechanism as its carcinogenic agent which is more effec-
tive on primitive liver cells. Lowenstein and Lee® have
reported that aflatoxin affects hepatic cell division in cir-
rhosis induced by a choline-deficient diet. This study veri-
fies the observation reported by Newberne, Harrington,
and Wogan® that suggested a potentiating effect of afla-
toxiin. A rather rapid development of liver cancer, how-
ever, was observed in this experimental model of postne-
crotic type cirrhosis. Because of the small numbers of
animals that survived at the end of the experiment, no
attempt was made to correlate the severity of cirrhosis and
sex differences with the development of hepatocarcinoma
by the toxins.

Moreover, since the functions for the detoxification
and degradation of aflatoxins are seemingly impaired in
the cirrhotic liver, its toxicity might become enhanced
and perhaps sustained for longer periods of time. The
high mortality, especially in the long term experimental
group, could be explained on this basis.

Aflatoxin is now known to be the most potent hepato-
carcinogen discovered so far and is capable of causing
hepatoma in male rats with a total dose of 400 pg. in 35
to 82 weeks.’* The doses employed in this experiment
were comparatively low as far as aflatoxin B, was con-
cerned, and the time required for genesis of cancer in the
liver was greatly shortened. For any hepatotoxin that af-
fects the liver, secondary factors may modify the histo-
logic features of the liver parenchyma.!’ A direct inter-
vening action of CCl; and/or ethanol on the influence of
aflatoxin on liver seemed remote because of their meta-
bolic clearance rates. Considerable time intervals of 4 to 6
weeks were arranged before the aflatoxin administration.
Another secondary factor avoided was surgical biopsies in
that these were considered to be an additional insult to
the liver.

While it is a matter of fact that cirrhosis is intimately
associated with primary liver cancer in man, the present
data suggest that the regenerative liver cells in cirrhotic

LABORATORY INVESTIGATH

nodules are more susceptible and sensitive to enviro
mental carcinogens such as aflatoxins than normal h
patic cells.

Accepted for publication February 2, 1971.
Dr. Schaeffer's address is NAMRU-2, Box 14, APO San Francis
96263.
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