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Morphology of Foci of Altered Hepatocytes 
and Naturally-Occurring Hepatocellular Tumors 
in F344 Rats 
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Summary. The morphology of liver tumors of F344 rats used as controls 
in carcinogenesis bioassays were studied. Foci of cellular alteration composed 
of hepatocytes with basophilic cytoplasm were found commonly in F344 
rats, 2 years of age. Eosinophilic and vacuolated foci were considerably 
less common. The morphology of 67 nodular hepatic lesions indicated that 
54 were neoplastic nodules and 13 hepatocellular carcinomas. The majority 
of these tumors were composed of basophilic hepatocytes. Some of the 
carcinomas appeared to arise within neoplastic nodules. No tumors metasta- 
sized. 
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Introduction 

Naturally occurring liver tumors in most  strains of rats are unusual occurrences. 
A few reports note high incidences of these tumors in select rat colonies (Adler 
et al. 1976). In contrast, liver tumors are among the most  common natural 
tumors of mice. Genetics, diet and environmental factors may affect the incidence 
of mouse liver tumors. The causes of naturally occurring liver tumors in rats 
are unknown, although it has been suggested that dietary carcinogens in rat 
strains with a high incidence of these tumors may play a role (Pollard and 
Luckert  1979). 

Many chemicals have been shown to induce hepatic neoplasms in rats. In 
general, hepatic foci of cellular alteration progress to neoplastic nodules which 
in turn may evolve into hepatocellular carcinomas (Bannasch 1978; Hirota  
and Williams 1979; Pitot 1977; Squire and Levitt 1975). Liver tumors occur 
in 1-3% of control F344 rats (Goodman et al. 1979). However, foci of cellular 
alteration have been seen in 20-90% of control F344 rats, 2 years of age. 
Because of the common occurrence of these foci, proliferative hepatocellular 
lesions of  F344 rats were studied. 
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Material and Methods 

Liver lesions were reviewed from male and female F344 rats used as untreated controls in carcinogen- 
esis tests (Goodman et al. 1979). Each test involved a chemical given in one of two doses to 
groups of 50 rats. Control groups varied in size from 20 50 rats. Liver tumors found in 39 carcinogen- 
esis bioassays involving 2700 control male and female rats were reviewed. F344 rats were obtained 
from commercial suppliers (Charles River Breeding Labs., A.R. Schmidt or Frederick Cancer 
Research Center) generally at four weeks of age. At six weeks of age, they were put on test. 
Rats used as controls were generally placed 3-5 per polycarbonate cage and fed Wayne meal 
(Allied Mills, Chicago, IL) and water ad libidum. After 104-110 weeks on test, surviving rats 
were sacrificed. A complete necropsy was performed on each rat found dead or sacrificed. Tissues 
were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 gm and stained 
with hematoxylin and eosin. Selected lesions were stained by the following methods: periodic 
acid-Schiff, toluidine blue and methyl green-pyronine. 

Liver lesions were classified according to a classification of rat liver lesions suggested by 
a workshop (Squire and Levitt 1975), a review (Inst. Lab. An. Resources 1980) and additional 
morphologic features found in this study. Other neoplastic and nonneoplastic iesions in these 
F344 rats have been described (Goodman et al. 1979). 

Results 

F o c i  of  cel lular  a l t e ra t ion  were very c o m m o n  in F344 rats,  two years  o f  age. 
They were usual ly  mul t ip le  in the liver and  were found  in 10-90% of  the 
rats.  The incidence m a y  have been h igher  if add i t i ona l  hepa t i c  sect ions were 
reviewed. F e m a l e  rats  had  incidences a p p r o a c h i n g  100%. His to logica l ly ,  the 
foci were found  in va r ious  po r t i ons  o f  the hepa t ic  lobule,  mos t  f requent ly  
midzona l .  The m a j o r i t y  of  the foci were c o m p o s e d  of  hepa tocy tes  smal ler  than  
n o r m a l  and with  basoph i l i c  cy top la sm and a un i fo rmly  r o u n d  nucleus and 
single p r o m i n e n t  nucleolus  (Figs.  1, 2). F e w  mi to t i c  f igures were seen. Sinusoids  
were l ined by  s inuso ida l - l in ing  cells and were inconsp icuous  in mos t  cases, 
bu t  m o r e  p r o m i n e n t  if the liver was congested.  The  cy top la sm of  the basoph i l i c  
hepa tocy tes  was d a r k  blue after  s ta ining with  to lu id ine  blue and red af ter  s ta in ing 
with  methy l  g reen-pyronine .  Ret icul in  stains revealed less f ibers wi th in  these 
foci than  in n o r m a l  liver. Fewer  foci of  cel lular  a l t e ra t ion  were seen which  
were c o m p o s e d  of  eos inophi l i c  or  vacuo la ted  hepa tocy tes .  

The foci appea red  to enlarge and fo rm n o d u l a r  lesions. The n o d u l a r  lesions 
(neoplas t ic  nodules  and hepa toce l lu l a r  ca rc inomas)  were usual ly  found  at  the 
t e rmina t ion  of  the b ioassay  (104-110 weeks). A few were  found  f rom 92-104 
weeks. In the 1350 ma le  and 1350 female  rats  reviewed in this paper ,  there  
were 35 t u m o r s  in 32 males  (2 .3%) and  32 t u m o r s  in 28 females (2.1%). The  
lesions were classified as in Table  1. The m o r p h o l o g i c  types were s imi lar  in 
males  and  females.  Neop l a s t i c  nodules  have been referred to as hyperp las t i c  
nodules ,  a d e n o m a s  and o ther  terms.  The smal les t  nodules  compressed  ad jacen t  
p a r e n c h y m a  and were  c o m p o s e d  of  hepa tocy tes  smal ler  than  n o r m a l  hepa tocy tes  
and  wi th  basoph i l i c  cy top la sm and r o u n d  nuclei  wi th  p r o m i n e n t  nucleol i  (Figs.  2, 
3). These cells were ident ica l  to those in basoph i l i c  foci and  fo rmed  single 
cell plates  only.  Eos inophi l i c  nodules  were c o m p o s e d  p r imar i ly  of  hepa tocy tes  
la rger  than  n o r m a l  hepa tocy tes  and with  pale  eos inophi l ic  cy top la sm (Fig.  4). 
Basophi l i c  and  clear  or  vacuo la t ed  hepa tocy tes  were also present .  The  m a j o r i t y  
of  these eos inophi l i c  nodules  occur red  in livers f rom F344 rats  wi th  m o n o n u c l e a r  

cell leukemia .  



Fig. 1. Basophilic focus of altered hepatocytes. Note small size of cells. H and E, x 130 

Fig. 2. Edge of basophilic focus with early compression of normal hepatocytes. Note small cell 
size and prominent nucleoli. H and E, x 330 

Fig. 3. Neoplastic nodule composed of basophilic hepatocytes, smaller than normal, forming single 
cell cords. H and E, x 130 

Fig. 4. Neoplastic nodule composed predominantly of large eosinophilic hepatocytes in leukemic 
liver. Some basophilic and clear cells are also seen in the nodule. H and E, x 80 
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Table 1. Histologic typing of sixty seven 
hepatocellular neoplasms of F344 rats 
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Tumor type No. of 
neoplasms 

Neoplastic nodule 
Solid 

Basophilic 22 
Eosinophilic 8 
Vacuolated 8 
Mixed 2 

Angiectatic 
Basophilic 11 
Eosinophilic 3 

Hepatocellular carcinoma 
Within neoplastic nodule 7 
Trabecular 6 

Other neoplastic nodules contained predominantly hepatocytes with vacuo- 
lated cytoplasm or vacuolated and basophilic hepatocytes. Some neoplastic nod- 
ules were composed of basophilic or eosinophilic hepatocytes which lined dilated 
sinusoids (angiectatic or peliosis) (Fig. 5). 

The largest neoplastic nodules frequently had foci or large areas of less 
differentiated hepatocytes or prominent trabecular formations (Figs. 6, 7). The 
hepatocytes were usually larger than normal hepatocytes and had large vesicular 
nuclei with prominent nucleoli. Trabecular areas were composed of large hepato- 
cytes with basophilic cytoplasm, vesicular nuclei with prominent nucleoli and 
disorganized plates of hepatocytes lined by sinusoidal-lining cells. 

The largest liver nodules were trabecular carcinomas composed of masses 
of basophilic hepatocytes forming prominent trabeculae and with numerous 
mitotic figures. The tumor cells invaded adjacent parenchyma and blood vessels 
(Fig. 8). No distant metastases were found. 

An unusual hepatic nodular lesion was occasionally seen in aging F344 
rats. These lesions are probably very common but not well documented. The 
gross nodule is associated with a herniation of a small piece of liver through 
the diaphragm at the diaphragmatic hiatus. The nodule which results is merely 
a herniation of liver. Histologically, the hepatocytes in the nodule are in various 
stages of regeneration and hyperactivity. Nucleoli are frequently large and appear 
as inclusions. These lesions do not appear to be neoplastic or preneoplastic. 
Cholangiocellular neoplasms and hemangiosarcomas were not seen in this study 
and are rare in F344 rats. 

Discussion 

This morphologic study of liver lesions in aging F344 rats suggests that some 
basophilic foci of hepatic cellular alteration progress to form neoplastic nodules 
some of which in turn become hepatocellular carcinomas. This sequence of 



Fig. 5. Neoplastic nodule with prominent sinusoids. Hepatocytes in nodule are only slightly more 
basophilic than normal. H and E, x 55 

Fig. 6. Neoplastic nodule composed of basophilic and vacuolated hepatocytes and an area of promi- 
nent trabecular formations (arrow). H and E, x 35 

Fig. 7. Edge of hepatocellular carcinoma composed of hepatocytes forming irregular trabeculae. 
Hand  E, x130 

Fig. 8. Trabecular hepatocellular carcinoma with vascular invasion (arrow). H and E, x 80 
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development has been described for chemically-induced liver tumors in rats 
(Bannasch 1978; Hirota and Williams 1979; Institute of Laboratory Animals 
Resources 1980; Pitot 1977; Squire and Levitt 1975). The cause(s) of naturally 
occurring hepatocellular tumors of F344 rats is unknown. The high incidence 
of foci of cellular alteration and relatively low incidence of liver tumors might 
suggest that the foci were initiated by an unknown agent and the promoter, 
presumably dietary, occurred in low concentrations. Further work on exposure 
of F344 rats to promoters such as phenobarbitol may aid in our understanding 
of these lesions. Other hepatic lesions in aging F344 rats such as mild bile 
duct hyperplasia with fibrosis, were unrelated to these foci and tumors, 

It has been proposed that specific hepatocarcinogens induce specific morpho- 
logic types of liver tumors in mice (Hoover et al. 1980; Reznik and Ward 
1979; Ward et al. 1979). Similar findings have been observed for rats by the 
author and others. The induction of these unique tumors may depend in part 
on dose of carcinogen, duration of exposure and strain of rat. For  example, 
nitrosamines induce predominantly clear cell foci and, in addition, a number 
of acidophilic cell foci which progress to hepatocellular carcinomas composed 
of basophilic hepatocytes (Bannasch 1978). Phenobarbitol and dioxins induce 
rat liver tumors composed of eosinophilic hepatocytes which develop from eosin- 
ophilic foci, according to the author's experience. The specific genotoxic or 
epigenetic mechanisms responsible for these different tumors may play a role 
in the type of tumors induced. Thus, carcinogens may directly or indirectly 
affect the morphology of tumor cells. The classification of naturally occurring 
rat liver tumors in different strains may allow us to classify induced tumors 
and attempt to compare the differences and similarities to the natural tumors. 
Subsequently, the significance of these differences or similarities will be evaluat- 
ed, Further research of these induced tumors may aid us in understanding 
the carcinogenic process. 
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Note Added in Proof. 

Frozen liver sections from three 130-week-old F344 rats with basophilic foci in their livers, were 
stained for gamma-glutamyl transpeptidase activity (J Histochem Cytochem 17:517-526, 1969). No 
enzyme activity was found in the foci or normal hepatocytes, although bile duct cells stained red 
(had enzyme activity). Ultrastructural analysis of foci in portions of these three livers prepared for 
electron microscopy revealed that the cytoplasmic basophilia was due to aggregates of rough 
endoplasmic reticulum and polyribosomes and absence of smooth endoplasmic reticulum and 
glycogen. 


