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Abstract
AIM: To compare two different laparotomy methods 
for modeling rabbit VX2 hepatocarcinoma. 

METHODS: Thirty New Zealand rabbits were randomly 
divided into two groups: A and B. Group A was 
assigned a traditional laparotomy method (embedding 
tumor fragments directly into the liver with tweezers). 
Group B was subjected to an improved laparotomy 
method (injection of tumor fragments into the liver 
through a 15 G syringe needle). The operation time, 
incision length, incision infection rate, and mortality 
rate were compared between the two groups after 
laparotomy. Magnetic resonance imaging (MRI) was 
performed to evaluate tumor formation rates and the 
characteristics of the tumors 2 wk after laparotomy. 

RESULTS: The mean operation times for the two 
groups (Group A vs  Group B) were 23.2 ± 3.4 min 
vs  17.5 ± 2.9 min (P  < 0.05); the incision length 
was 3.3 ± 0.5 cm vs  2.4 ± 0.6 cm (P  < 0.05); and 
the mortality rate after 2 wk was 26.7% vs  0% (P  < 
0.05); all of these outcomes were significantly different 
between the two groups. The incision infection rates 
in the two groups were 6.7% vs  0% (P  > 0.05), which 
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were not significantly different. MRI performed after 2 
weeks showed that the tumor formation rates in the 
two groups were 90.9% vs  93.3% (P  > 0.05). These 
rates were not significantly different between the two 
groups. The celiac implantation rate and abdominal 
wall metastasis rate in the two groups were 36.4% 
vs  13.3% (P  < 0.05) and 27.2% vs  6.7% (P  < 0.05), 
respectively, which were significantly different between 
the two groups. 

CONCLUSION: The tumor formation rates were not 
significantly different between the two methods for 
modeling rabbit VX2 hepatocarcinoma. However, the 
improved method is recommended because it has 
certain advantages.

Key words: Rabbit VX2 hepatocarcinoma; Laparotomy; 
Modeling; Magnetic resonance imaging
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Core tip: A crucial issue in studying liver cancer is the 
establishment of an animal model to simulate human 
liver cancer. There are various ways to establish rabbit 
VX2 hepatocarcinoma, and using an open laparotomy 
implant is a widely adopted classical method. We 
injected tumor fragments into the left lobe of the 
rabbit liver, deviating from the abdominal wall using a 
15 G syringe needle instead of building a sinus using 
tweezers. This improved method is recommended 
because of advantages such as decreased injury to the 
liver, shorter operation time, lower death rates, reduced 
abdominal cavity implantation and fewer abdominal 
wall invasions.
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INTRODUCTION
Liver cancer, the third leading cause of cancer death 
worldwide, is a primary malignancy originating in 
the liver. There are approximately 60-70 million liver 
cancer deaths each year, 50% of which occur in 
China. Most patients are diagnosed in intermediate 
or advanced stages of the disease[1,2]. Early detection 
and diagnosis of liver cancer are an important issue 
that must be addressed. It is crucial to establish an 
animal model simulating human liver cancer to study 
this disease. VX2 carcinoma is a type of animal tumor 
that was derived from a rabbit papilloma by Shope 
and Hurst[3]. Rabbit VX2 hepatocarcinoma is an ideal 
model of liver cancer and is widely used for imaging 

and other experimental studies due to the rapid 
growth of these tumors and their similarity to human 
hepatocellular carcinoma[4-6]. There are various ways 
to establish rabbit VX2 hepatocarcinoma, including the 
widely adopted classical method of open laparotomy 
implantation. In open laparotomy implantation, the 
implant substance can be a cell suspension or tumor 
fragments, with the latter being reported to show a 
higher success rate[7]. However, traditional laparotomy 
implantation methods may cause spill-out into the 
celiac. We developed a modified method that uses 
a syringe to inject tumor fragments to improve the 
success rate of implantation. Here we compared the 
two different methods for implanting VX2 tumors, and 
the results are presented below. 

MATERIALS AND METHODS
Experimental animals
Thirty New Zealand white rabbits of both sexes weighing 
2.0-3.0 kg were provided by the experimental animal 
center of Second Xiangya Hospital of Central South 
University. The animal experiments were performed in 
accordance with a protocol approved by the animal care 
committee and were in compliance with institutional 
guidelines (Permit Number: 2012-0087).

Surgical instruments
Basic surgical instruments and supplies were used, 
including a 15 G needle connected to a 5 mL syringe.

Experimental methods
Establishment of the rabbit VX2 liver carcinoma 
model: The 30 New Zealand white rabbits were 
divided into two groups using a random number table, 
with 15 rabbits being placed in each group. Direct 
embedding of tumor fragments was performed on the 
rabbits in Group A (traditional open method group). 
Group B was subjected to the modified method, in 
which tumor fragments were injected with a 15 G 
needle connected to a 5 mL syringe. Four hours before 
the operation, the rabbits were fasted and only given 
water. The hair around the operation field was shaved 
using a razor. Intramuscular injections of gentamicin 
(80000 units) were administered before the operation 
and once a day after the operation for a total of two 
days. All rabbits were anesthetized with 2 ml/kg 
chloral hydrate via ear vein injection.

Tumor-bearing rabbits were anesthetized with 
chloral hydrate. Tissue at the edge of the tumor was 
removed under sterile conditions. Then, the tumor was 
placed in physiological saline solution for washing, and 
necrotic tissue, fascia and other connective tissues 
were removed. This procedure was followed by soaking 
the tumor in physiological saline solution and cutting it 
into small pieces (0.5-1 mm diameter) using scissors. 
Then, the incision in the tumor-bearing rabbits was 
sutured, and gentamicin (80000 units) was injected 
intramuscularly. 

4876 April 28, 2015|Volume 21|Issue 16|WJG|www.wjgnet.com

Chen Z et al . Modeling rabbit VX2 hepatocarcinoma



Healthy rabbits were anesthetized and placed on a 
rabbit operating table with their limbs fixed at the four 
corners. Routine sterilization of the surgical field was 
performed, and a vertical incision was made below the 
xiphoid. When the liver was exposed, the 15 rabbits in 
Group A were subjected to the following conventional 
open laparotomy implantation method: stretching of 
the left lobe using smooth forceps, puncturing of the 
liver tissue to build a sinus with an ostium diameter 
of approximately 2 mm using ophthalmic scissors, 
insertion of tumor fragments into the sinus, covering 
the sinus with gelfoam, and suturing the incision after 
confirming that there was no obvious bleeding. Group 
B was subjected to the following modified implantation 
method: exposure of the middle lobe of the liver using 
smooth forceps, insertion of a 15 G needle sideways 
and upward into the visceral surface of the liver lobe 
and then injection of 0.5 ml of tumor fragments with 
a 5 ml syringe. During this process, we made sure 
that the tumor fragments were injected into the liver 
parenchyma. We could see that the surface of the 
puncture site was intumescent and white. Finally, the 
puncture site was covered with gelfoam after removal 
of the needle, and the incision was sutured after 
confirming that there was no obvious bleeding. The 
modified implantation method is shown in Figure 1.

Postoperative indicators: Observed indicators 
included the operation time, incision size, infection 
rate, rabbit survival after 2 wk, and tumor formation 
as assessed by magnetic resonance imaging (MRI).

MRI detection: All of the rabbits in Groups A and 
B were subjected to 3 T MRI to assess the implant. 
Successful implantation criteria were as follows: 
intrahepatic nodules or space-occupying masses 
identified via MRI with a slightly low signal on T1WI 
and slightly high signal on T2WI. Celiac implantation 
and abdominal wall violation were also assessed via 
MRI. All scans were performed on a 3-T MR scanner 
(Philips Achieva 3.0-T X-series, Phillips Healthcare, The 
Netherlands) using the 16-element phased array of 
a SENSEXL Torso coil. The imaging protocol included 
the following parameters: (1) coronal sense turbo 
spin-echo T2-weighted fat-suppressed MRI [repetition 
time (TR)/echo time (TE), 1565/70 ms; average, 3; 
flip angle, 90 degrees; matrix size, 252 × 193; field 
of view (FOV), 24 cm × 24 cm; section thickness, 3 
mm; and gap, 0.3 mm]; (2) axial plane sense turbo 
spin-echo T2-weighted fat-suppressed MRI (TR/TE, 
1565/70 ms; average, 3; flip angle, 90 degrees; 
matrix size, 252 × 192; FOV, 24 cm × 24 cm; section 
thickness, 4 mm and gap, 0.4 mm); and (3) axial 
plane sense turbo spin-echo T1-weighted MRI (T1WI; 
TR/TE, 10/2.3 ms; average, 3, flip angle, 15 degrees; 
matrix, 252 × 193; FOV, 24 cm × 24 cm; section 
thickness, 4 mm; and gap, 0.4).

Pathological examination
Following MRI examination, the experimental rabbits 
were sacrificed via air embolism, and the liver was 
anatomized to observe the growth of the tumors. 
The tumors were removed and fixed in formalin. 
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Figure 1  Process of establishing the rabbit VX2 hepatocarcinoma model. Tumor-bearing rabbits were anesthetized with chloral hydrate. A: Fish-like tissue at 
the edge of the tumor was removed under sterile conditions; B: The tumor tissue was placed in saline for washing and to remove the necrotic tissue, fascia and other 
connective tissues; C: The tumor tissue was cut into small pieces (0.5-1 mm diameter) using scissors; D: Healthy rabbits were anesthetized and placed on a rabbit 
operating table with their limbs fixed at the four corners. Routine sterilization of the surgical field was performed, and a vertical incision was made below the xiphoid. 
Then, the liver was exposed; E: After exposure of the middle lobe of the liver using smooth forceps, a 15 G needle was inserted sideways and upward into the visceral 
surface of the liver lobe, and 0.5 mL of tumor fragments was injected with a 5 mL syringe. During this process, we ensured that the tumor fragments were injected 
into the liver parenchyma; F: The puncture site was covered with gelfoam after removal of the needle, and the incision was sutured after confirming that there was no 
obvious bleeding. 

A B C

D E F
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the postoperative incision infection rate between the 
two groups. The data for comparison of the two groups 
are shown in Tables 1 and 2.

MRI detection of VX2 hepatocarcinoma and the 
characteristics of tumor formation 
MRI examination was performed on the remaining 
10 experimental rabbits in Group A and 15 in Group 
B to evaluate the inoculation success rate and tumor 
growth. Nine out of 10 of the remaining rabbits in 
Group A and 14 out of 15 of the rabbits in Group B 
were implanted successfully (Figure 2). Six of the 
10 rabbits in Group A and 2 of the 15 in Group B 
appeared to exhibit celiac implantation (Figure 3). Five 
of the 10 rabbits in Group A and 1 of the 15 in Group 
B appeared to show abdominal wall invasion (Figure 
4). There was no significant difference between the 
two groups in the implantation success rate. The celiac 
implantation ratio and the frequency of invasion of the 
abdominal wall in Group A were higher than in Group 
B. The MRI findings for the two groups are shown in 
Table 3.

Pathological examination
It was confirmed that the intrahepatic nodules or 
masses observed by MRI were VX2 hepatocarcinomas 
and that they shared common characteristics with 
human hepatic carcinoma. The histological findings are 
shown in Figure 5.

DISCUSSION
There are many methods for establishing a rabbit 
VX2 hepatocarcinoma model, such as puncture 
under computed tomography (CT)[8] or ultrasound 
(US)[9] guidance, direct percutaneous puncture 
inoculation[10,11], open implantation[12-15], and perfusion 
via the hepatic artery or portal vein[16]. Because 
special equipment and laboratory space are needed 

Pathological testing was performed to confirm the 
histopathology of the intrahepatic nodules or space-
occupying masses found through MRI.

Statistical analysis
The data were analyzed using SPSS 17.0 software. 
All of the data for continuous variables are expressed 
as the median and range. The t-test was employed 
to compare the differences between the medians of 
continuous variables for operation time and incision 
size. The Fisher exact test or χ 2 test was used to 
compare proportions between groups regarding 
incision infections, death rates, inoculation success 
rates, celiac implantation and abdominal wall violation. 
Statistical significance was defined as p < 0.05.

RESULTS
Operation time and incision size
Five rabbits in Group A (traditional laparotomy method, 
15) died within two weeks. Four of these rabbits died 
on the day of operation, and coagulated blood that 
may have resulted from liver rupture was found in 
their abdominal cavities during autopsy. The other 
rabbit died four days after the operation. Festering was 
observed on the abdominal wall, which may have been 
due to infection. 

No death was observed in Group B (modified 
laparotomy method, 15) within two weeks. Two of 
the remaining 11 rabbits in Group A and 1 of the 15 
rabbits in Group B developed an incision infection. 
After disinfection of the incision and injection of 
antibiotic treatment, the infections of 1 of the rabbits 
in Group A and the 1 rabbit in Group B were relieved. 
The statistical data showed that the operation time 
for Group B was shorter than that for Group A. 
Additionally, the incision length was shorter, and 
postoperative mortality at 2 wk was lower in Group B 
than in Group A. There was no obvious difference in 

Table 1  Comparison of the operation time and incision size between the traditional laparotomy method and the modified 
laparotomy method (t  test, mean ± SD)

Group Mean operation time (min) Mean incision size (cm)

A (traditional laparotomy method) 21.2 ± 2.6 3.3 ± 0.5
B (modified laparotomy method) 17.6 ± 2.4 2.6 ± 0.4
t test 3.903 2.928
P value 0.001 0.007

Table 2  Comparison of incision infections and the mortality rates between the traditional laparotomy method and the modified 
laparotomy method (Fisher exact test)

Group Number of 
infected rabbits

Number of non-
infected rabbits

Postoperative 
incision infection 

rate (%)

Mortality in each 
group

Survival in each 
group

Mortality rate 
(%)

A (traditional laparotomy method) 2   9 18.2 5 10  33.3
B (modified laparotomy method) 1 14   6.7 0 15 0
P value       0.556        0.042

Chen Z et al . Modeling rabbit VX2 hepatocarcinoma
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for implantation under CT or US guidance, the 
application of this procedure is limited. In contrast, 
direct percutaneous puncture inoculation presents 
the disadvantage of a lower success rate. Therefore, 
open implantation, which shows an acceptable success 
rate[17], is now widely used. However, it is extremely 

easy for invasion of nearby tissues and liver damage 
to occur after conventional open implantation. To 
improve the success rate of modeling, researchers 
have proposed several modifications[18].

The difference between the improved laparotomy 
method and the conventional method is that im

Figure 2  Magnetic resonance imaging of successfully implanted VX2 hepatocarcinoma (shown by arrow). A, B: T1- and T2-weighted images of a successfully 
implanted VX2 hepatocarcinoma; C, D: T1- and T2-weighted images of another successfully implanted VX2 hepatocarcinoma. 

A B

C D

Figure 3  Magnetic resonance imaging of an implanted VX2 hepatocarcinoma with celiac implantation (shown with an arrow). A, B: T1- and T2-weighted 
images of an implanted VX2 hepatocarcinoma with celiac implantation; C, D: T1- and T2-weighted images of another implanted VX2 hepatocarcinoma with celiac 
implantation. 

A B

C D
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plantation of tumor fragments is accomplished via 
injection instead of by building a sinus using tweezers. 
This subtle change has many advantages. First, because 
the rabbit liver is thin, brittle and fragile, it is likely to 

bleed after conventional piercing. Once bleeding occurs, 
it is difficult to stop under experimental conditions. The 
modified laparotomy method involving injection with 
a 15 G syringe needle can markedly decrease both 

Figure 4  Magnetic resonance imaging of an implanted VX2 hepatocarcinoma with abdominal wall invasion (shown by arrow). A, B: T1- and T2-weighted 
images of an implanted VX2 carcinoma with abdominal wall invasion; C, D: T1- and T2-weighted images of another implanted VX2 hepatocarcinoma with abdominal 
wall invasion. 

Table 3  Comparison of magnetic resonance imaging findings between the traditional laparotomy method and the modified 
laparotomy method (Fisher exact test)

Group Successfully 
implanted 

Unsuccessfully 
implanted

Successful 
implantation 

rate

With celiac 
implantation

No celiac 
implantation

Celiac 
implantation 

rate

With 
abdominal 

wall invasion

No abdominal 
wall invasion

Abdominal 
wall invasion 

rate

A (traditional 
laparotomy 
method)

  9 1       90% 6   4       60% 5   5  50%

B (modified 
laparotomy 
method)

14 1    93.3% 2 13    13.3% 1 14 6.7%

P value   1         0.028         0.023

A B

C D

A B

Figure 5  Histological findings for intrahepatic nodules or masses observed through magnetic resonance imaging. HE staining (A: × 100; B: × 400): the tumor 
cells were morphologically diverse, with obviously heterogeneous and trachychromatic nuclei; karyokinesis could also be found (shown by arrow).
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bleeding and the death rate caused by liver rupture. 
Second, the conventional method can lead to abdominal 
cavity transplantation[12], as the tumor fragments 
inserted with tweezers can easily enter the abdominal 
cavity. Additionally, the sinus becomes wider after tumor 
insertion, which also facilitates the spilling of tumor 
tissue out of the sinus. Third, Lee et al[19] found that the 
left lobe of the rabbit liver is preferable for implanting 
VX2 carcinoma. Yoon et al[17] showed that implanting 
VX2 carcinoma in the left lobe of the rabbit liver, which 
deviates from the abdominal wall, was effective in 
preventing tumor invasion in the muscular tissue of 
the rabbit abdominal wall. We were able to perform 
implantation effectively using the improved puncture 
method developed in this study. Fourth, compared with 
building a sinus in liver tissue using tweezers, injection 
requires a smaller operating field and surgical incision, 
decreases injury and shortens the incision and suturing 
time. Therefore, this method can improve efficiency, 
decrease surgical risk, and be easily performed.

Both Groups A and B showed a high success 
rate, as the process of laparotomy occurred under 
direct vision, which can ensure that the tumor tissue 
becomes embedded into the liver tissue. The infection 
rate did not differ between the two groups, due to 
the aseptic procedure, correct incision and suturing 
performed by the same skilled operator. 

Considering the above-mentioned analysis, we 
concluded that there was no difference in the tumor 
formation rate between the improved and conventional 
laparotomy methods for modeling rabbit VX2 hepa
tocarcinoma. Nevertheless, the improved method is 
recommended because it has several advantages, 
such as decreasing injury to the liver, shorter operation 
time, a lower death rate, less abdominal cavity 
implantation and fewer abdominal wall invasions.

In conclusion, we found that the tumor formation 
rates were not significantly different between the two 
methods for modeling rabbit VX2 hepatocarcinoma. 
However, the improved method is recommended 
because it shows several advantages.
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