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Since Wilson, De Eds, and Cox: Jr.(l) 
introduced 2-acetylaminofluorene ( 2--4XF) as 
a new experimental carcinogen, the compound 
has been widely used, due to its powerful 
carcinogenic action and the unusual variety of 
benign and malignant tumors produced in 
different organs. 2--\.4F appears to be of 
particular value in studies of the mode of de- 
velopment of cirrhosis and liver tumors. The 
possibility of correlation of liver changes with 
lesions produced in other locations seems to 
confer on 2-.\,4F an advantage over com- 
pounds with strictly hepatotoxic action. 

Xethods. One hundred and forty-eight 
rats of hooded strain were used, comprising 73 
males and 75 females. The rats were derived 
from a local strain, inbred since 1933 by con- 
tinuous brother and sister mating. Two ani- 
mals of the same sex were kept in each cage. 
The diet was fully adequate, consisting of a 
standard Purina meal preparation and water 
ad libitum. The 2-A.iF was added to the diet 
(by mixing) for 35 consecutive weeks. The 
age of the animals a t  the start of the experi- 
ment was 4 weeks in 128 rats (53 males and 
75 females) (Group I ) ,  and 16 weeks in 20 
males (Group 11). The absolute dose of the 
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2--4AF was 4 mg per day in Group I and .7.5-9 
mg per day in Group I1 h r  the first 7 weeks; 
afterwards it was lowered to 3 mg and 6 mg 
per day respectively for the remaining period 
of time. 

I t  soon became apparent that male rats re- 
ceiving higher absolute daily dosages of 
2-AAF (Group 11) developed extensive liver 
changes in a short period of time. Twelve of 
them died within 39 days of the start of ad- 
ministration of the compound. Partial hepa- 
tectamies were performed at  intervals of 4 to 
5 weeks for 7 months on the remainhg rats of 
this group, starting from the third month. 
Under light ether anesthesia and using sterile 
technic, 20-25% of the liver volume was re- 
moved each time through a mid-line abdom- 
inal incision. Although the total amount of 
liver tissue resected by repeated hepatectomies 
exceeded the original liver volume, the ma- 
jority of the animals survived all operations. 
Control hepatectomies were done on 6 animals 
kept on the lower absolute daily dosage of 
2AAF (Group I). Hematoxylin-and-eosin 
and connective-tissue-stain sections were pre- 
pared from the resected portions of the liver. 

Results. Pathological findings observed by 
repeated hepatectomies. The earliest gross 
liver changes in the older group of male rats 
were observed during the second month by 
examining the 11 rats which died in this 
period. The liver was decreased in size with 
multiple white nodules protruding on the sur- 
f ace. Microscopically, the nodules consisted 
of circumscribed areas of hyperplasia without 
spwific relation to lobular pattern (Fig. 1). 
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FIG. 1. Irregularly disposed nodules of hyperplastic liver cells, 
’ by expansion. H &E. X 106. 

displacing necmtic parenchyma 

The remaining liver tissue showed subacute 
necrosis, the cells showing disintegrated cyto- 
plasm and degenerative nuclear changes. The 
general appearance suggested that the degm- 
erated liver tissue was being progressively dis- 
placed by multiple nodules of regenerating 
hyperplastic cells, distorting the normal lobu- 
lar architecture. In the third month, tissue 
removed from 8 rats by partial hepatectomies 
showed complete destruction of the normal 
lobular pattern (Fig. 2) .  The first impres- 
sion, from routine bematoxylin-andeosin sec- 
tions, was that of an early cirrhosis, with 
nodules of regenerating liver cells separated 
by areas of degenerated tissue. However, 
connective-tissue stains showed only accentua- 
tion of the reticular f r a m m r k  and no definite 
increase in connective tissue. In  the fourth 
month, active fibroblastic proliferation dom- 
inated the histological picture. Tthis, as shown 
best by Masson and Van Gieson stains, was 
restricted to spaces between hyperplastic 
nodules. The cells in the areas of hyperplas- 

tic regeneration showed different grades of 
fatty and glycogenic infiltration. Included in 
the fibrotic gran.ulation tissue were numerous 
bile ducts, some of them showing cystic dila- 
tation with flattening of the duct epi- 
thelium (Fig. 3).  In the fifth month, further 
increase in the size of the liver was noted in 
spite of previous resections. Microscopically, 
this. was seen to be due to further increase in 
size of the hypevlastic nodules. The amount 
of collagen was denser, and numerous cys- 
tically dilated bile ducts were present. In the 
sixth month, further increase in the collagen 
was prominent, and associated decrease in 
cellularity of the fibrotic tissue gave the 
cirrhosis a more quiescent appearance (Fig. 
4). Dilatation of bile ducts had progressed 
in many cases to cyst formation. In the 
seventh month, marked increase in hyper- 
plasia was observed. The presence of inter- 
mi,ngled fields of normal and hyperplastic cells 
produced complex “geographic” patterns. In 
the eighth month, only slight fibrosis was still 
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E5IG. 2. Beginning fibroblastic proliferation in the, necrotic liver parewhyma. Regeneration 
from i n k t  remaining parenchymal cell group.is  evident. H & E .  X 4l5. 

present, with narrow, irregular bands of col- 
lagen dividing large areas of regenerating 
parenchyma. In several rats, large areas of 
proliferated and dilated bile ducts were ob- 
served, classified as benign bile-duct aden- 
omas. Liver-cell tumors were present in the 
majority (Fig. 5). 

In the control group of rats, which were 
maintained on a lower absolute daily dosage 
of 2-AAF (Group I), the degenerative liver 
changes were much less extensive. In male 
rats, the nodules of hyperplastic liver tissue of 
similar appearance as those described pre- 
viously, were not as diffuse; the amount of 
fibroblastic proliferation, as well as parenchy- 
mal hyperplasia, was less pronounced. In fe- 
males of this group, mild degenerative changes 
appeared considerably later (fifth to seventh 
months). 

Tumors produced by  2-acetylamino ftuorene. 
The average time of occurrence of malignant 
tumors produced by 2-MF was between the 
ninth and twelfth months after the beginning 
of the experiment. Some of the animals still 

alive at the end of the twelfth month showed 
visible or palpable tumors, not included in the 
results reported hae. Ninety rats died after 
the sixth month, and 35, including 6 males and 
29 females, were living a t  the end of the 
twelfth month. At autopsies, tumors were 
found in 70 out of 90 rats; in 43 animals the 
tumors were classified as malignant on the 
basis of invasive growth and/or distant meta- 
stases. In  many cases, multiple primary 
tumors were present. The most frequent sites 
of origin were: external auditory canal region 
(about equal sex incidence), liver (more fre- 
quent in males), and breast (only in females), 
,Illmost without exception the tumors were of 
epithelial origin. Out of 31 liver tumors 
observed, 27 occurred in males and 4 in fe- 
males. The most frequently appearing tumors 
were of the liver-cell type with solid, trabe- 
cular, or glandular arrangement, often multi- 
centric in origin. Malignant tumors were ob- 
served during and after the ninth month, aI- 
though foci of cells, which might be inter- 
preted as showing incipient malignancy, were 
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FIG. 3. Cystic dilatation of thc bile ducts with fibrosis of the rJtroma (cholangiofibrmis). H & E. 
x 440. 

observed in the seventh and eighth months. 
Frequent peritoneal and pulmonary meta- 
stases were found. Multiple cysts, sometimes 
reaching huge sizes, were often present on the 
tumor and liver surfaces, occasionally giving 
rise to intra-abdominal hemorrhage. No 
malignant ,tumors of bile-duct origin were 
observed. 

Discussion. Studies by repeated partial 
hepatectomies indicate a sequence of changes 
in liver structure similar to the “compensatory 
process following destruction of liver tissue” 
described by Opie ( 2 )  upon administration of 
azo dyes to rats. The initial lesion observed 
during the second month of administration of 
2-AAF might be summarized as subacute 
necrosis with nodular hyperplasia. As sug- 
gested by the microscopic appearance of the 
lesion (Fig. 1 ) , the hyperplastic regenerative 
nodules seem to exert pressure on the sur- 
rounding degenerated liver parench-yma by 
means of expansive growth. This might be 

~ 
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considered as the primary cause of accumu- 
lation of pre-existing reticular framework 
fibers in the degenerated liver tissue. These 
findings, and the fact that nodular hyperplasia 
precedes fibroblastic proliferation, seem to 
substantiate the views of Kelty, Baggenstoss, 
and Butt(3), that the regenerative phase 
plays a determining role in the production of 
cirrhosis. 

The rapidly progressing hypqlasia of liver 
cells occurring in later months of administra- 
tion of 2-AAF caused a relative decrease in 
the amount of cirrhosis. The newly formed 
parenchyma seems to develop resistance to 
the toxic action of the compound when its 
administration is continued. Thus the type of 
cirrhosis produced by 2-&IF does not comply 
with the definition of liver cirrhosis by 
Kretz(4) as ‘‘a chronic degenerative process 
with inclusion of regenerative periods.” Simi- 

3. Kelty, R. H., Baggenstoss, A. H., and Butt, 

4. Kretz, R., Wien. klin. Woch., 1900, 1112, 272. 
H. R., Proc. Mayo Clin., 19J0, v25, 18. 
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FTG. 4. Advanced cirrhosis 115th co:irse bnntls of densc collagen containing numerous bile ducts, 
I W I ~ I ?  of which S ~ I O \ Y  tvtitsi:t. JIilsson trichi.ome. X 110. 

larly, Orr (5)  expressed doubt that irreversible 
cirrhosis could be produced by the adminis- 
t ration of p-di met hylaminoazo benzene. 

Orr(5) drew attention to the fact that 
cirrhosis produced by certain agents, such as 
carbon tetrachloride, reaches a much greater 
density than that produced by p-dimethyl- 
aminoazobenzene, although the latter has 
more potential carcinogenic effect. The same 
can be stated with regard to the action of 
2-AAF. Thus the frequency of liver tumor 
occurrence cannot be regarded as paralleling 
the extent of cirrhotic liver changes. Fre- 
quent association of cirrhosis with tumors can 
be explained by the fact that cirrhosis indi- 
cates previous liver damage and irregular re- 
generation. It is then necessary (1) to regard 
cirrhosis as a secondary process replacing the 
degenerated liver parenchyma: ( 2 )  to pre- 
sume that a focal liver damage pre-existed in 
cases of tumors arising in non-cirrhotic livers. 
From the results of this experiment i t  is ap- 

parent that the initial parench-ymal necrotic 
changes in the liver produced by the hepato- 
toxic action of 2-AAF invariably occurred 
prior to tumor formation. The percentage of 
liver tumors was considerably higher in 
males, which also were more susceptible than 
female rats to the hepatotoxic action of the 
compound. The incidence of liver tumors in 
male rats was higher when a larger dose was 
administered, although the total number of 
tumors in all organs was not appreciably 
changed. Therefore, it appears probable that 
the initial hepatotoxic action of higher dosages 
of 2-AAF has a localizing effect on the car- 
cinogenic action of the compound. 

Summary and conclusions. ( 1) Histological 
changes in the liver during the administration 
period of 2-acetylaminofluorene were studied 
by means of repeated partial hepatectomies.. 
( 2 )  It was observed that malignant liver tu- 
mors produced by 2-AAF are preceded by a 
certain pattern of changes in liver structure, 

5 .  Orr, H. W., J .  Path. and Bact., 1940, v50, 393. beginning with subacute necrosis, nodular 
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FIG. 5. Benign trabecular bepatoma. €ICE. X 31. 

hyperplasia, and cirrhosis. (3) Although of liver .tumors was considerably higher in 
these findings confirm the frequency of hyper- males, which were found to be more suscep- 
plasia preceding malignant tumor formation, tible than female rats to the hepatotoxic ac- 
the actual conversion to malignancy does not tion Of 2-AAF. (6) The incidence of liver 
seem to follow necessarily the condition of tumors apparently depends on the production 
hyperplasia and/or benign neoplasia. (4) of hepatic damage, which has a localizing 
Repeated partial hepatectomies did not in- effect on the carcinogenic action of 2-AAF. 
crease thedncidence or accelerate the occur- 
rence of hepatic tumors. (5) The percentage Received June 19, 1951, P.S.E.B.M, 1951, v’18. 
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Invertebrates, especially those from the capacity, present interesting material for ex- 
lower phyla which possess a high regenerative - -- - - - ~ -- -- 
-. . . ~ .  the accomplishment of this work and for the stimu- 
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