
CONCLUSION: Our modified model is a simplified 
method to induce cirrhosis which is rapid (6 to 9 wk), 
efficient and stable up to 3 mo. Using this method, “Child 
Pugh A” or “Child Pugh BC” cirrhotic rats were obtained. 
Our models of cirrhosis and hepatectomy can be used in 
various situations focusing on postoperative survival.
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INTRODUCTION
There is currently a worldwide epidemic of  chronic liver 
disease (chronic viral hepatitis B and C, and hepatopathy 
associated with obesity via the non alcoholic steatohepa-
titis (NASH) syndrome. At the same time, the number 
of  patients presenting with hepatocellular carcinoma 
and/or persistent end-stage hepatic function altera-
tion have increased. These two complications have led 
to more frequent discussions on hepatic resection and 
transplantation. However, the scope for both these solu-
tions is limited by postoperative mortality and the con-
stantly growing shortage of  donors.

This situation led physicians and surgeons to propose 
new therapeutic solutions[1]. These solutions include: (1) 
Reduced-sized orthotopic liver graft[2,3], hepatic trans-
plantation with living donor[4] and xenogenic transplan-
tation[5,6]; (2) Cellular therapy by transplantation of  hepa-
tocytes into the liver, spleen and peritoneum (isolated or 
encapsulated)[7,8] (autologous, allogeneic, xenogenic, free 
or encapsulated, genetically modified ex vivo)[9].

It is thus necessary to have animal models of  cirrhosis, 
which make it possible to obtain compensated (equivalent 
to Child Pugh A) or decompensated cirrhosis (equivalent 
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Abstract
AIM: To develop a simplified and quick protocol to 
induce cirrhosis and standardize models of partial liver 
resection in rats.
METHODS: In Fischer F344 rats two modified protocols 
of phenobarbital-carbon tetrachloride (CCl4) (dilution 
50%) gavage to induce cirrhosis (frequency adjusted 
according to weight, but each subsequent dose was 
systematically administered) were tested, i.e. the rapid 
and slow protocols. Prothrombin time (PT) and total bili-
rubin (TB) were also evaluated. Animals from the rapid 
group underwent 15% hepatectomy and animals from 
the slow group underwent 70% hepatectomy.
RESULTS: Rapid protocol: This corresponded to 1 ga-
vage/4 d over 6 wk (mortality 30%). Mean PT was 35.2 
± 2.8 s (normal: 14.5 s), and mean TB was 1.8 ± 0.2 
mg/dL (normal: 0.1 mg/dL). Slow protocol: This cor-
responded to 1 gavage/6 d over 9 wk (mortality 10%). 
Mean PT was 11.8 ± 0.2 s (normal: 14.5 s), and mean 
TB was 0.4 ± 0.04 mg/dL (normal: 0.1 mg/dL). Patho-
logical analyses were performed in both protocols which 
showed persistent cirrhosis at 3 mo. Rat mortality in the 
rapid gavage group who underwent 15% hepatectomy 
and in the slow gavage group who underwent 70% 
hepatectomy was 50% and 70%, respectively.
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to Child Pugh BC). At best, liver cirrhosis must be rap-
idly obtainable, and durable. It is also necessary to have 
standardized models of  partial hepatic resection in these 
cirrhotic animals with reproducible mortality.

The most validated cirrhosis model in the rat is the 
carbon tetrachloride (CCl4) (induced by phenobarbital) cir-
rhosis model[10]. Many protocols exist, which differ in the 
route of  administration (gavage, intraperitoneal or sub-
cutaneous injection), the dilution of  CCl4 (1/20 to 1/10), 
the frequency (1 to 4 wk) and the duration (8 to 28 wk) 
of  CCl4 administration. The efficiency of  these protocols 
(70% to 100%), as well as the inherent toxic-mortality (20% 
to 90%) is variable in the literature[11]. The study in which 
the CCl4 protocol for cirrhosis is best described is that of  
Kobayashi et al[12,13]. Here CCl4 was given by gavage twice 
weekly and diluted to 10%. The amount of  CCl4 was de-
creased if  body weight remained constant, and not admin-
istered if  the weight decreased. The study was carried out 
over a 28-wk period. The animals were studied only when 
evidence of  liver failure did not improve after CCl4 was 
withheld for 4 wk. However, this reference protocol is too 
restrictive particularly for pilot studies[14].

The aim of  this study was to establish a restrictive 
CCl4 cirrhosis model which resulted in “Child Pugh A” 
or “Child Pugh BC” cirrhotic rats, which could be car-
ried out easily, quickly and in a reproducible and durable 
way by modulating the dilution of  CCl4 and the duration 
and frequency of  gavage. In addition, we tested different 
types of  hepatectomy in terms of  the resected volume 
(“minor or major”) to obtain reproducible postoperative 
mortality.

MATERIALS AND METHODS
Animals
Male Fischer F344 rats (Iffa Credo, France) weighing 
150-180 g were used. The rats were given free access 
to standard laboratory food and water throughout the 
experiments. Rats were acclimatized to our laboratory 
conditions for 7 d. All the procedures performed on the 
animals were in accordance with the European Commit-
tee on the Use and Care of  Animals.

Induction of phenobarbital-carbon tetrachloride-induced 
liver cirrhosis
Rats were given phenobarbital (lyophilized 200 mg, 
Rhône-Poulenc Rorer, France) in their drinking water at 
a concentration of  0.5 g/L throughout the establishment 
of  liver cirrhosis. Two weeks later, CCl4 (diluted 50% in 
olive oil) was given intragastrically using a gavage needle 
at different intervals determined during preliminary 
experiments.

Rat weight was approximately 200 g at the time of  
first gavage. The initial dose was 0.08 mL (0.20 mL/kg 
of  CCl4). Each subsequent dose was systematically ad-
ministered (even if  weight remained stable or decreased) 
but adjusted based on changes in body weight: from 150 
to 220 g, 0.06 to 0.09 mL (0.20 mL/kg of  CCl4); from 
230 to 270 g, 0.12 to 0.14 mL (0.25 mL/kg); from 280 to 
300 g, 0.17 to 0.18 mL (0.30 mL/kg); from 310 to 330 g, 

0.22 to 0.23 mL (0.35 mL/kg); from 340 to 360 g, 0.27 to 
0.29 mL (0.40 mL/kg); from 370 to 390 g, 0.33 to 0.35 mL  
(0.45 mL/kg). Various gavage protocols (frequency, 
duration of  gavage, dose adjustment, mortality during 
gavage) were tested leading to the selection of  two pro-
tocols (rapid protocol, slow protocol).

Once these two protocols (rapid and slow) were select-
ed, 3 groups of  10 animals for each protocol were used as 
test groups to affirm that these protocols were reproduc-
ible in terms of  mortality related to gavage, gravity of  cir-
rhosis (ascites, splenomegaly, portal hypertension, biology, 
pathology) and persistence of  the histological lesions with 
time.

Biology
Prothrombin time (PT) and total bilirubin (TB) were as-
sessed in 5 rats in the rapid and slow protocol groups 3 
wk after gavage interruption.

Histological examination
Representative liver blocks, obtained when the rats were 
sacrificed, were prepared to establish the gavage protocols 
or after partial hepatectomy. After routine paraffin wax 
processing, hematoxylin eosin and Masson’s trichromie 
stained sections were obtained and the presence of  cir-
rhosis was assessed under light microscopy. Pathological 
analyses were performed in rats 3 wk after gavage inter-
ruption (T0) and at regular intervals (2 wk, 5, 9, 13, 18 s).

Anesthesia
Partial hepatectomy was performed under ether inhala-
tion anesthesia. The day before intervention, the animals 
were fasted for 12 h prior to surgery. Postoperatively, 
animals received glucose supplementation (immediate 
postoperative subcutaneous glucose 30%, and glucose 
10% added to drinking water during the first 24 h) and 
animals were heated during the first 24 h.

Hepatectomy
Hepatectomy was performed in cirrhotic rats 3 wk after 
gavage interruption. The extent of  hepatectomy was 
adjusted by excising various combinations of  liver lobes 
that are known to have a predictable volume[15] according 
to the nature of  the protocol and the observed postop-
erative mortality: 15% hepatectomy (epiploïc lobes, i.e. 
minor hepatectomy) and 70% hepatectomy (left lateral 
and median lobes, i.e. major hepatectomy) were chosen 
after preliminary experiments.

Two groups of  10 animals from the rapid group 
underwent 15% hepatectomy and two groups of  10 ani-
mals from the slow group underwent 70% hepatectomy. 
The postoperative day 1 mortality was noted. Pathologic 
examination of  the resected specimen was carried out 
systematically.

RESULTS
Rapid and slow protocol gavage mortality
Rapid protocol: This corresponded to 1 gavage/4 d over 
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42 d (6 wk). Mortality in the rapid protocol was 30%, 30% 
and 40% (mean: 30%), from the first gavage to 3 wk after 
gavage interruption, respectively. In the surviving rats, 3 
wk after gavage interruption, at the time of  sacrifice, there 
were macroscopic micro nodular cirrhosis aspects in all 
animals, and ascites, splenomegaly and portal hyperten-
sion signs (at the level of  the stomach) in 85%, 65% and 
60% of  animals, respectively.

Slow protocol: This corresponded to 1 gavage/6 d over 
63 d (9 wk). Mortality in the rapid protocol was 10%, 20% 
and 10% (mean: 10%), from the first gavage to 3 wk after 
gavage interruption, respectively. In the surviving rats,  
3 wk after gavage interruption, at the time of  sacrifice, 
there were macroscopic micro nodular cirrhosis aspects in 
all animals, and ascites, splenomegaly and portal hyperten-
sion signs (at the level of  the stomach) in 5%, 5% and 0% 
of  animals, respectively.

Biology
Rapid protocol: In the surviving rats, 3 wk after gavage 
interruption, mean PT was 35.2 ± 2.8 s (normal: 14.5 s),  
and mean bilirubin was 1.8 ± 0.2 mg/dL (normal:  
0.1 mg/dL) (n = 5).

Slow protocol: In the surviving rats, 3 wk after gavage 
interruption, mean PT was 11.8 ± 0.2 s (normal: 14.5 s),  
and mean bilirubin was 0.4 ± 0.04 mg/dL (normal:  
0.1 mg/dL) (n = 5).

Pathological assessment
After both the rapid and slow protocols, all surviving 
rats presented with cirrhosis (T0 = 3 wk after gavage 
interruption) with extensive mutilating fibrosis and nod-
ules (Figure 1). The cirrhosis aspects persisted on analy-
ses performed at regular intervals (2 wk, 5, 9, 13, 18 s).

Mortality after partial hepatectomy
Mortality in the two groups of  10 animals from the rap-
id gavage group, who underwent 15% hepatectomy, was 
50% at postoperative day 1. Mortality in the two groups 
of  10 animals from the slow gavage group, who under-
went 70% hepatectomy, was 70% at postoperative day 1.

DISCUSSION
CCl4 is widely used to induce experimental liver damage. 
The data from this study showed that our modified model 
is a simplified and improved method for inducing cirrho-
sis which was rapid (6 to 9 wk), efficient, stable up to 3 
mo and which resulted in “Child Pugh A” or “Child Pugh 
BC” cirrhotic rats. Fifteen percent hepatectomy (“minor 
hepatectomy”) in decompensated cirrhotic animals and 
70% hepatectomy (“major hepatectomy”) in compensated 
cirrhotic animals resulted in a postoperative mortality of  
50% and 70%, respectively. These reproducible and high 
postoperative mortality rates can be used in protocols 
devoted to cellular therapy in chronic liver diseases[1,8]. 
Moreover, different series have studied the biological[16,17] 
and hemodynamic[18-20] variations induced by liver cirrho-
sis. Other authors have investigated various treatments in 
rats with liver cirrhosis[21-24].

In the Kobayashi et al[12,13], CCl4 reference induced cir-
rhosis model, animals were studied only when evidence 
of  liver failure did not improve after CCl4 was withheld 
for 4 wk, following 28 wk of  gavage. Overall, the length 
of  the protocol was 8 mo. However, this protocol ensured 
the induction of  cirrhosis which was slow, stable and very 
close to cirrhosis found in clinical practice. The main pit-
fall of  this protocol was its length which is not compatible 
with small “pilot” or “preliminary” studies. In our study, 
serum albumin level, serum ammonia level and degree of  
encephalopathy (coma scale), are lacking, however, persis-
tent histological alteration at 3 mo is, in our view, a major 
argument for the use of  this method. To reinforce the 
pertinence of  modified protocols for inducing cirrhosis in 
rats, at a recent congress, Quadrelli et al[25] presented a new 
approach to improve the model of  cirrhotic liver induced 
by CCl4, which associated gavage and subcutaneous injec-
tion of  CCl4. This new approach, associated with 45% 
mortality allowed cirrhosis induction in 60% of  rats in a 
period of  9 wk.

We have found only 5 papers in the literature which 
reported mortality after hepatectomy (rational for the 
study of  cirrhotic rats focusing on postoperative mortality) 
in various models of  compensated “Child Pugh A” CCl4 
induced cirrhosis in rats. One of  these studies reported a 

Figure 1  Rat liver after CCl4 gavage. A: Rat liver [9 wk after T0 (12 wk after CCl4 gavage interruption)] extensive mutilating fibrosis, with nodules (cirrhosis). In the 
nodules separated by fibrous septa, hepatocytes with a basophil cytoplasm and a round nucleus are organized in fine spans (Masson's trichromie, × 10); B: Rat liver [6 wk 
after T0 (9 wk after CCl4 gavage interruption)] extensive mutilating fibrosis, with nodules (cirrhosis) (HE, × 10). 
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postoperative mortality of  70% after 30% hepatectomy[26]. 
In the remaining four studies after 70% hepatectomy, 
a postoperative mortality of  15%, 20%, 25% and 40%, 
respectively was reported[27-30]. In this series, rat mortality 
after 70% hepatectomy in compensated “Child Pugh A” 
rats was higher, about 70% and could be explained by the 
more intensive gavage protocol used. However, the extent 
of  the resection, i.e. 15% in decompensated cirrhotic ani-
mals, and 70% in compensated cirrhotic animals chosen in 
this series are compatible with minor and major hepatic re-
sections performed in clinical practice in cirrhotic patients.

In conclusion, our modified model is a simplified 
method for inducing cirrhosis that is rapid (6 to 9 wk), 
efficient and stable up to 3 mo. It resulted in “Child 
Pugh A” or “Child Pugh BC” cirrhotic rats. Our models 
of  cirrhosis and hepatectomy can be used in various 
situations focusing on postoperative survival.
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