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ABSTRACT

Background: Liver preneoplasia development in rats can 
be mimicked by an initiation-promotion model that induces the 
appearance of altered hepatocyte foci (FAH).

Aims: We compare two initiation-promotion models to evaluate 
the presence of FAH or additional hepatic pathologies in which 
other organs were affected up to five month post treatment.

Material and methods: FAH were induced in male 
adult Wistar rats with two doses of dietylnitrosamine (DEN, 
150 mg/kg bw) followed by 4 doses per week (3 weeks) of 
2-acetylaminofluorene (2-AAF, 20 mg/kg bw) or with one dose 
of DEN (200 mg/kg bw) followed by 2 doses per week (3 weeks) 
of 2-AAF. DEN 150, DEN 200 and control rats (received the 
vehicle of the drugs) groups were compared. Rats were euthanized 
immediately after the last dose of 2-AAF, at 3, 4 and 5 months 
(n = 3 for euthanasia times per group). Samples of livers, lungs, 
kidneys, pancreatic tissue and small bowel were processed for 
histological and immunohistochemical analysis.

Results: FAH persisted for 5 months in all livers of the DEN 
groups. Three months after withdrawal of 2-AAF, one rat from 
DEN 150 group developed fibrosis and 5 months after 2-AAF 
removal another rat from the same group presented a microscopic 
hyperplastic nodule. Only the lungs had damages compatible with 
lesions induced by gavage-related reflux in DEN groups.

Conclusion: We concluded that up to five month post 
treatments, FAH persisted in all the livers from DEN groups; livers 
from DEN 200 group showed no other hepatic lesions besides 
FAH, and only the lungs suffered pathological alterations in both 
treated groups. 

Key words: Diethilnitrosamine. 2-acetylaminofluorene. Rat liver 
preneoplasia. Foci of altered hepatocytes. Reflux.

INTRODUCTION

Cancer development is known to be a multistep process. 
The concept of multi-stage carcinogenesis was first pro-
posed by Berenblum and Schubik in 1948 and supported 
by later studies. Present day oncology recognizes three 
main phases: initiation, promotion and progression (1). 

Neoplasia initiation is essentially irreversible changes in 
appropriate target somatic cells. Briefly, initiation involves 
one or more stable cellular changes arising spontaneously 
or induced by exposure to a carcinogen. This is considered 
to be the first step in carcinogenesis, where the cellular 
genome undergoes mutations, creating the potential for 
neoplastic development (2,3). 

The transformed (initiated) cell can remain harmless, 
unless and until it is stimulated to undergo further pro-
liferation, upsetting the cellular balance. The subsequent 
changes of an initiated cell leading to neoplastic trans-
formation may involve more than one step and require 
repeated and prolonged exposures to promoting stimuli 
(4). During promotion, these cells expand by proliferation 
generating proliferative foci that resemble benign neo-
plasms which can regress to a seemingly normal tissue or 
slowly evolve to cancer (5). 

At the progression state, successive changes take place 
in the neoplasm and give rise to increasingly malignant 
sub-populations (1). 

It has been reported that DEN is a representative chemi-
cal carcinogen with the potential to cause tumors in various 
organs (6,7) and it is widely used as a chemical initiator 
in rodent models of experimental hepatocarcinogenesis 
(8). In rats, DEN influences the initiation stage of hepatic 
carcinogenesis by producing DNA base modifications and 
DNA strand-breaks that contribute to the development of 
putative preneoplastic focal lesions (6,9). Following the 
initiation stage, the administration of promoting agents, 
such as 2-acetylaminofluorene (2-AAF), causes selective 
enhancement of the proliferation of initiated hepatocytes 
over non-initiated cells (10). 

Several models in rat liver have been developed to study 
multistage carcinogenesis, including the Solt-Farber resis-
tant hepatocyte model (11). The system consists of: a) a 
single carcinogenic dose of DEN; b) short-term dietary 
exposure to 2-acethylaminofluorene (2-AAF), sufficient to 
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suppress growth of virtually all normal hepatocytes; and c) 
partial hepatectomy to promote rapid growth of DEN-al-
tered hepatocytes (11,12).

Álvarez et al. designed a 2-phase model (initiation-pro-
motion) of liver preneoplasia in rats that eliminated the 
need for partial hepatectomy. In this model, rats were sub-
jected to two necrogenic doses of DEN two weeks apart 
and four doses per week of 2-AAF by gavage for three 
weeks. Foci of altered hepatocytes (FAH) emerged in liv-
ers of treated rats at the end of the six-week treatment. At 
this time, a state of subclinical hepatic preneoplasia was 
observed (10). The initiation-promotion or 2-phase model 
of cancer mimics the early events of the latent period of 
human carcinogenesis (11). We simplified the model of 
Álvarez et al. (DEN 150 model) by reducing the frequency 
of chemical agent administration, and thus, the total dose 
of carcinogens given to experimental animals (DEN 200 
model). In a previous study, we compared DEN 150 model 
with DEN 200 establishing that both protocols were good 
alternatives to induce liver preneoplasia in rats (13). 

The results obtained compared these two alternatives to 
induce hepatic preneoplasia after promoter removal and up 
to five month post treatment; this may help researchers to 
decide which protocol causes less morphological damage 
in livers and in other organs. 

The aims of this study were to compare two initia-
tion-promotion models to evaluate the presence of FAH 
in rat livers, to investigate if additional hepatic pathologies 
were present and to study if other organs were affected by 
carcinogens up to five month post treatment.

MATERIAL AND METHODS

Animals

Male adult Wistar rats (300-350 g body weight) were maintained 
two per cage with a constant 12 hs light/dark cycle under controlled 
temperature and humidity conditions. They had free access to tap 
water. They were fed with standard rat pellets ad libitum. All the 
experimental protocols were performed according to the NIH “Guide 
for the Care and Use of Laboratory Animals” (14) and approved by 
the “Guide for the Care and Use of Laboratory Animals Committee”, 
Facultad de Ciencias Bioquímicas y Farmacéuticas, UNR, Resolu-
tion Nº 6109/012.

Experimental design

Animals were divided into 3 groups. Rats of group 1 were used 
as normal controls and received the vehicle of the drugs (n = 10). 
Rats from groups 2 and 3 were subjected to a 2-stage model of 
rat hepatocarcinogenesis (n = 12 per group). In group 2 (DEN 150 
group), the initiation stage was performed by the administration of 2 
intraperitoneal necrogenic doses of DEN (150 mg/kg body weight) 
two weeks apart. Administration of 2-AAF was performed one week 
after the last injection of DEN. The 2-AAF was dissolved in dimeth-

yl sulfoxide and then suspended in corn oil to a final concentration of 
8 mg/ml. Rats received 20 mg/kg body weight of 2-AAF by gavage 
for 4 consecutive days per week for 3 weeks (10). Animals from 
group 3 (DEN 200 group) were subjected to a 2-stage model of 
rat hepatocarcinogenesis adapted from the one of Álvarez et al. In 
this protocol, a unique dose of DEN (200 mg/kg body weight) was 
administrated intraperitoneally as an initiation stage, and two weeks 
later a dose of 20 mg/kg body weight of 2-AAF was given by gavage 
for 2 days (one day apart) per week for 3 weeks (13). 

Rats were euthanized at the end of preneoplasia induction and 3, 
4 and 5 month (n = 3 for each time of euthanasia per group) after the 
last dose of 2-AAF. Until euthanized animals received only tap water 
and were fed with standard rat pellets. Controls were euthanized 
simultaneously with rats of DEN 150 group (Fig. 1). Euthanizes 
were performed between 9 and 11 a.m. to avoid variations due to 
circadian rhythm. 

Histological process 

Samples of livers, lungs, pancreatic tissue, kidneys and small 
bowel were obtained from all animals, fixed in 10% v/v formalde-
hyde and histologically processed to be paraffin embedded. Sections 
of 4 µm thicknesses tissues were histological analyzed with hema-
toxylin and eosin, Masson’s trichrome and Direct Red 80/picric acid. 

Fig. 1. Male Wistar rats were subjected to the initiation-promotion 
protocols of chemical carcinogenesis. DEN was used as the initiator, 
by intra-peritoneal administration, and 2-AAF was administered by 
gavage as the promotion agent. The control group received the vehicles 
of the drugs. DEN 150 group received 2 doses of DEN (150 mg/kg 
body weight), two weeks apart. One week after the last injection of 
DEN, 2-AAF (20 mg/kg body weight) was administered four days per 
week for three weeks. DEN 200 group received a single dose of DEN 
(200 mg/kg body weight) and two weeks later 2-AAF (20 mg/kg body 
weight) was given to the animals 2 days per week for 3 weeks. Rats from 
each experimental group were euthanized at the end of preneoplasia 
induction and 3, 4 and 5 month after the last dose of 2-AAF (rats from 
control group were euthanized together with the ones of DEN 150 
group). n = 3 animals per experimental group.
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Immunohistochemical studies

FAH were identified performing an immunohistochemical detec-
tion using an antibody against the placental form of rat glutathione 
S-transferase (rGST-P). This isozyme has been described as the best 
effective marker of hepatic preneoplasia in rats (15). Replicating 
cells were identified with an antibody that recognizes an endoge-
nous marker of cell replication, proliferating cell nuclear antigen 
(PCNA) (16). Briefly, deparaffinized tissue sections were treated 
with 3% H

2
O

2 
in methanol for 10 min to remove endogenous per-

oxidase, and then they were microwaved in a 10 mM buffer citrate 
solution for 10 min at 96 °C to perform antigen retrieval. Normal 
serum was applied to the slides to block nonspecific binding and 
then, consecutive slides were incubated either with rabbit polyclon-
al antibody against rGST-P (Abcam®, catalogue AB106268, USA) 
diluted 1/250 at 4 °C overnight or anti-PCNA (Santa Cruz Biotech-
nology, Santa Cruz, CA) diluted 1/400 at room temperature for 2 hs. 
The slides were incubated with a biotinylated goat anti-rabbit sec-
ondary antibody and then with horseradish-peroxidase-conjugated 
streptavidin (HRP CytoScan Detection Kit, Cell Marque, catalogue 
CMD302, USA). Signals were detected with the DAB Sustrate Kit 
(Cell Marque, catalogue 957D-20, USA) followed by hematoxylin 
counterstaining (n = 3 per group).

RESULTS

Histological and immunohistochemical findings

Only livers and lungs presented notorious histologi-
cal alterations; other organs showed no morphological 
damages.

Livers

At the end of both treatments, rat livers from DEN 150 
and DEN 200 groups presented rGST-P-positive FAH at 
all times of sacrifice. Controls livers had no FAH (Fig. 2).

Immediately after the last dose of 2-AAF, animals from 
both experimental groups presented rGST-P-positive FAH 

and no other hepatic damage or diseases. After 3 months, 
only one rat from DEN 150 group developed liver fibro-
sis with a hepatic parenchyma constituted by hyperplastic 
areas surrounded by little strands of connective tissues that 
resembled micronodular cirrhosis in its initial stage. An 
increase of cell replication and apoptotic bodies was also 
found in hyperplastic areas (Figs. 3 and 4). The two other 
rats from this group and the ones from DEN 200 group 
only developed rGST-P-positive FAH.

After 4 months, all rats of both experimental groups 
showed only rGST-P-positive FAH and no other histolog-
ical alterations. 

After 5 months only one rat from DEN 150 group had 
a large hyperplastic nodule together with rGST-P-positive 
FAH. The two other rats from this group and the ones 
from the DEN 200 group only showed rGST-P-positive 
FAH. The nodule observed showed a decreased cytoplas-
mic eosinophilia (Figs. 5A, C and D) which was positive 
for rGST-P immunostaining (Fig. 5B) with compressive 
limits. Nodule hepatocytes’ nuclei had thick membrane 
with “optical empty” aspect. The nodule compressed the 
surrounding parenchyma with evidence of angiogenesis 
together with dilated sinusoids filled with plasma and the 
hepatocyte trabecular morphology was completely altered 
(Fig. 5C). Isolated apoptotic bodies were also found inside 
the nodule (Fig. 5D).

Lungs

Lungs of all rats from the treated groups at all times 
of sacrifice presented morphological alterations that could 
be induced by gavage-related reflux (17). Some bronchus 
showed pyogenic infiltrates and others presented large vac-
uolated macrophages inside. Many bronchial lumens were 
filled with abundant mucus. A general atelectasis could 
be observed, medial hyperplasia of the arteriolar vessels 
diminished the vascular lumen and few inflammatory foci 
infiltrated the alveolus. The control group did not show any 
morphological alterations (Fig. 6). 

Fig. 2. rGST-P immunohistochemistry. A. The control group had no rGST-P-positive FAH. B. DEN 150 group and C. DEN 200 group: representative images 
of rGST-P-positive FAH (arrows). 
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DISCUSSION

We have shown that rGST-P-positive FAH were found 
in all rats from both DEN groups and that FAH persisted 
after withdrawal of the promoter (2-AAF) during a five 
month period in both treated groups. Persistent FAH has 
been reported by many authors (18,19).

After three months of 2-AAF removal, one rat from the 
DEN 150 group developed a widespread fibrosis and after 
five month a rat from the same experimental group present-
ed a large rGST-P-positive hyperplastic nodule. Fibrosis 
was observed with Direct Red 80/picric acid, a specific 
stain for collagen (20). Hyperplasia was demonstrated with 
PCNA immunostaining, showing an increased number of 
cells cycling in rGST-P-positive areas.

Apoptotic bodies were found with hematoxylin-eo-
sin staining in most rGST-P-positive areas (21). During 
regression of mitogen-induced hyperplasia, non-prolif-

erating (aged) hepatocytes seemed to be preferred for 
apoptosis. Furthermore, studies on apoptosis in putative 

Fig. 3. DEN 150 group. One rat developed fibrosis three month after 
the last dose of 2-AAF. A. Masson’s trichrome. Hepatic parenchyma 
presented hyperplastic areas (HA) surrounded by small strands of 
connective tissue (arrows). B. Direct Red 80/picric acid. Collagen fibers 
were stained red highlighting fibrosis (arrows). PA: Portal areas. 

Fig. 4. Hyperplastic area in rat fibrotic liver from the DEN 150 group. 
A. rGST-P-positive FAH is shown inside the circle. B. The same area 
immunohistochemically marked with PCNA. The number of cells cycling 
(arrows) was increased in rGST-P-positive areas. C. Hematoxylin-eosin. 
Apoptotic bodies (arrows) were present inside rGST-P-positive areas.
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preneoplastic foci of rat liver have shown that foci cells 
exhibit about 10-fold higher rates of apoptosis than nor-
mal hepatocytes. It appears that both cell replication and 
cell death by apoptosis are regulated in concert to produce 
regression or growth of organs and that these basic mech-
anisms are still functioning in malignant tumors, although 
they are obviously out of balance (22). 

The remainder of rats from both experimental groups 
developed only rGST-P-positive FAH. Rats from the DEN 
150 group showed not only rGST-P-positive FAH but also 
fibrosis and a hepatic nodule at two different times of sac-
rifice. Possibly, these differences, compared with animals 
from the DEN 200 group, could be assigned to the higher 
doses of initiator and promoter used in the DEN 150 group 
that might induce additional hepatic diseases.

Lung alteration could be assigned to gavage-related 
reflux that can occur by mechanically induced reflux or 
spontaneous reflux. Mechanically induced reflux occurs 
directly after the gavage when withdrawing the tube from 
the animal and spontaneous reflux occurs not only directly 
after gavage, but also later, when the animal is back in its 
cage. The later reflux is related to the administration of a 
large volume by gavage (5-10 mL) (17). However, regard-
ing gavage-related reflux and technical gavage errors, it 
is now considered that even very small amounts of the 
treated material, 20 µl, are able to induce serious irrita-
tion in the respiratory tract and mortality. Mechanically 
induced reflux is considered as the most likely cause of 
reflux in rats (23). In both compared protocols, 20 mg/kg 
body weight of 2-AAF was given to animals by gavage in a 

Fig. 5. Hyperplastic nodule in rat liver from DEN 150 group. A. Hematoxylin and eosin. The nodule (N) was found within the hepatic parenchyma (HP). 
B. The nodule (N) seen in panel A, was rGST-P-positive. FAH (arrows) could be seen throughout the hepatic parenchyma (HP). C. Hematoxylin and eosin. 
The picture shows the limit (arrows) between the hepatic parenchyma (HP) and the nodule (N) that presented a decreased cytoplasmic eosinophilia. 
Nodule hepatocytes’ nuclei had a thick membrane with “optical empty” aspect (arrow heads). Sinusoids were expanded and they were filled with 
plasma (asterisk). The hepatic parenchyma architecture was altered (empty arrows). D. Hematoxylin and eosin. Apoptotic bodies (arrows) were found 
inside the nodule (N). 
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final volume of 0.5 mL; therefore, this volume was enough 
to induce respiratory alterations. 

In many protocols the promoter is usually sprayed on 
food and given to rats with a subsequent partial hepatec-
tomy or not (24,25). DEN 200 group uses fewer doses 
of 2-AAF per week that could be beneficial to diminish 
mechanically induced reflux, hence reducing pulmonary 

complications. However, rats from this experimental 
group presented morphological alterations in the lungs. 
Curiously, respiratory damages from both treated groups 
did not increase rat mortality or respiratory symptoms to 
consider terminating the experiments. Moreover, animals 
showed normal habits of hygiene, alimentation and mobil-
ity during the whole treatment, and none died or needed to 
be euthanized. It could be expected to observe morpholog-
ical alterations in the lungs due to DMSO gavage-reflux. 
Nonetheless, no damage was found in the present study in 
the control group. 

DEN 150 and DEN 200 two-phase or initiation-pro-
motion models mimic the latent period of human hepato-
carcinogenesis and are considered as useful tools to study 
the early stages of liver cancer. DEN 200 model was less 
aggressive for experimental animals, inducing only FAH 
and no other hepatic diseases; however, lungs suffered the 
same damage as in DEN 150 model animals. The compari-
son of histological effects of both models on liver and other 
organs allows us to choose the most useful methodology 
to be applied with the aim of resolving particular experi-
mental objective.

Our study has the following limitations: first, although 
rGST-P is a frequently used and reliable marker for FAH 
in rat liver, it does not reflect the persistent FAH after 
withdrawal of the inducing compounds, that do not only 
increase in size but also change their cellular phenotype 
during progression as demonstrated in many studies by 
cytomorphological, cytochemical, microbiochemical and 
molecular methods (26). Second, it is necessary to analyze 
the FAH phenotype evolution through time in our experi-
mental models. Third, to avoid respiratory complications 
due to gavage, the amount of toxic agent administrated 
and the irritancy and the viscosity of the test formulations, 
among others considerations, should be controlled (23). 

In future studies the number and size of FAH should be 
established by quantitative morphometric approaches and 
statistical differences between times and groups regarding 
the sizes of FAH should be calculated. FAH cellular phe-
notype changes have to be studied and it would be neces-
sary to improve the gavage technique in order to diminish 
respiratory complications.

We concluded that up to five month post treatment, 
rGST-P-positive FAH persisted in all livers from DEN 
groups; livers from the DEN 200 group showed no other 
hepatic lesions apart from rGST-P-positive FAH, and only 
the lungs suffered pathological alterations in both treated 
groups. 
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