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Abstract: Selective portal vein ligation is important for hepatectomy patients. However, it is not clear that whether 
selected portal vein ligation is safe and feasible to patients with obstructive jaundice. In this study, the effects of 
selective portal vein ligation on liver regeneration were explored in rat model with incomplete obstructive jaundice. 
Rats were randomly divided into 3 groups: the control sham operation group (C-Sham), control obstructive jaundice 
group (C-OJ), and selective portal vein ligation group (PVL). Then the weight ratios of the unligated sides of liver were 
calculated. Ki-67 levels in the unligated sides of liver were detected by immunohistochemistry. Hematoxylin and 
eosin staining was performed to show the the intrahepatic cholestasis. Levels of alanine aminotransferase (ALT), as-
partate transaminase (AST), total bilirubin (TBIL), direct bilirubin (DBIL), and albumin (ALB) were measured. Tumor 
necrosis factor-α (TNF-α) and interleukin-6 (IL-6) levels were detected by enzyme-linked immunosorbent assay. Re-
sults of our study showed that selective portal vein ligation promoted the liver regeneration in rats with incomplete 
obstructive jaundice, and did not aggravate damages to hepatic function. The underlying mechanism may involve 
in the increased TNF-α and IL-6 levels. Our study suggested that the selected portal vein ligation is suitable to be 
carried out in patients with obstructive jaundice.

Keywords: Selective portal vein ligation, liver regeneration, incomplete obstructive jaundice, tumor necrosis 
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Introduction

Hepatectomy is a common therapy for liver dis-
eases, such as hepatocellular carcinoma, chol-
angiocarcinoma and hemangioma. Hepatec- 
tomy provides another chance for patients with 
primary or secondary hepatobiliary tumors [1]. 
As the early clinical symptoms of tumors in hep-
atobiliary system are inconspicuous, patients 
are always in the advanced stage when tumors 
in hepatobiliary system are discovered, and the 
success rate of resection is only maintained at 
30%.

The hepatic failure is in the risk post-hepatecto-
my [2, 3]. Insufficient size and function of the 
remnant liver usually limits the success of hep-
atectomy [3, 4]. Owing to the regeneration func-

tion of liver, a serious of strategies are devel-
oped to solve these problems of insufficiency of 
the remnant liver.

Selective portal vein embolization and ligation 
are important options for patients who will 
undergo the hepatectomy [5, 6]. Portal vein 
embolization or ligation of the resected side of 
liver can induce the unblocked side of liver to 
atrophy, decrease the weight ratios of the 
blocked sides of liver, thus reducing the hepatic 
failure risk post large-scale hepatectomy and 
increasing the success rate [7, 8]. In clinic, the 
portal vein vein embolization or ligation is usu-
ally performed before hepatectomy, and leads 
tumors in hepatobiliary system to a “decreas-
ing” stage to allow patients to receive a two-
stage therapy [9].
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In clinic, tumors in hepatobiliary system usually 
cause biliary obstruction, resulting in different 
degrees of obstructive jaundice, which impairs 
the metabolism and regeneration of livers. It is 
not clear that whether selected portal vein 
embolism or ligation in patients with obstruc-
tive jaundice is safe and feasible. In the present 
study, the effects of selected portal vein liga-
tion on liver regeneration in rat model of incom-
plete obstructive jaundice were explored. Our 
study suggests that selected portal vein liga-
tion can promote liver regeneration. It indicates 
that the selected portal vein ligation is suitable 
to be carried out in patients with obstructive 
jaundice.

Materials and methods

Animals

Ninth male Sprague-Dawley rats weighing 230-
270 g were obtained from Experimental Animal 
Center of Xuzhou Medical College. Rats were 
housed in a controlled environment (tempera-
ture at 23 ± 2°C, relative humidity at 50 ± 5%) 
with 12 h light - 12 h dark cycles. Rats were 
permitted ad libitum access to standard rodent 
chow and water. The experiments were per-
formed according to the Guide for the Care and 
Use of Laboratory Animals and were approved 

by the Institutional Animal Care and Use 
Committee of Nanjing Medical University.

Incomplete obstructive jaundice operation

Rats were anesthetized with 1% pentobarbital 
sodium (40 mg/kg, intraperitoneal injection). 
After a midline laparotomy, the bile duct and 
portal vein in the left and middle lobes of liver 
pedicle were separated. The bile duct was ligat-
ed and disconnected in the near-end and dis-
tal-end. In the sham operation, the bile duct 
was dissected but not ligated. Then the abdo-
men was closed layer by layer.

Selective portal vein ligation operation

Rats were anesthetized with 1% pentobarbital 
sodium and received a midline laparotomy, and 
the liver was freed from its ligaments. Selective 
portal vein ligation was performed on the left 
lobes and middle lobes of liver portal vein. The 
ligated liver accounted for about 70% of the 
total liver. In the sham operation, the portal 
vein was dissected without ligation. Then the 
abdomen was closed layer by layer.

Grouping and operation

Rats were randomly divided into 3 groups: the 
control sham operation group (C-Sham), the 
control obstructive jaundice group (C-OJ), and 
the portal vein ligation group (PVL), n = 30 for 
each group. Rats in the PVL group received an 
incomplete obstructive jaundice operation. 
Thereafter, at 36 h, 48 h, 72 h, 120 h and 168 
h post incomplete obstructive jaundice opera-
tion, 6 rats at each time point received selec-
tive portal vein ligation operation. 24 h after 
portal vein ligation, rats were sacrificed for sub-
sequent experiments. Rats in the C-OJ group 
received an incomplete obstructive jaundice 
operation. The portal vein was separated but 
not ligated. Rats in the C-Sham group received 
a laparotomy. The bile duct and portal vein 
were separated but not ligated.

Evaluation of liver function

The serum of rats in each group was harvested. 
The levels of total bilirubin (TBIL), direct biliru-
bin (DBIL), albumin (ALB), alanine aminotrans-
ferase (ALT), and aspartate aminotransferase 
(AST) in serum were determined with automatic 
biochemical analyzer.

Figure 1. Selective portal vein ligation increased the 
weight ratios of the unligated sides of liver. After ob-
structive jaundice operation and selective portal vein 
ligation, the weight ratios of the unligated sides of 
liver were calculated. N = 6 for each group. The re-
sults are presented as mean ± standard deviation. 
*P < 0.05, **P < 0.01, ***P < 0.001 compared with 
the C-Sham group; #P < 0.05, ##P < 0.01, ###P < 
0.001 compared with the C-OJ group.
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Weight ratios of the unligated sides of liver

The weights of right lobe, triangle hepatic lobe, 
caudate lobe of liver, and weights of total liver 
were measured, and then the weight ratios of 
the unligated sides of liver was calculated ac- 
cording to the following formula: weight ratio of 
the unligated side of liver = (weight of the right 
lobe of liver + weights of the triangle hepatic 
lobe of liver + weight of the caudate lobe of 
liver)/total weight of liver.

Immunohistochemistry assay

The Ki-67 levels in the unligated livers were 
detected by immunohistochemistry. The unli-
gated livers were harvested, fixed in 4% para-
formaldehyde, embedded in paraffin and cut 
into 5-μm sections. After dewaxing, rehydration 
and antigen retrieval, endogenous peroxidase 
was inactivated by 3% H2O2, and nonspecific 
sites were blocked by goat serum. Then the 
sections were incubated with primary antibody 
against Ki-67 (Millipore, Bedford, MA, USA) 

overnight at 4°C according to the manufactur-
er’s protocol. After washing, the sections were 
incubated with biotin labeled-secondary anti-
body and horseradish peroxidase labeled-avi-
din. The sections were visualized with a DAB 
developing kit (Beyotime, Shanghai, China) and 
counterstained with hematoxylin. Cells were 
observed with an optical microscope under a 
400 × magnification. Positive ratio in five ran-
dom visual fields was calculated.

Hematoxylin and eosin (HE) staining

The paraffin sections were dewaxed and rehy-
drated, and then subjected to routine HE stain-
ing. Images of sections were captured with an 
optical microscope.

Enzyme-linked immunosorbent assay (ELISA) 

Levels of tumor necrosis factor-α (TNF-α) and 
interleukin-6 (IL-6) were detected using corre-
sponding ELISA kits (Groundwork Biotechnology 
Diagnosticate Ltd., San Diego, CA, USA) accord-

Figure 2. Selective portal vein ligation promoted liver regeneration in rats with incomplete obstructive jaundice. A. 
After obstructive jaundice operation and selective portal vein ligation, the expression of Ki-67 was detected by im-
munohistochemistry with Ki-67 antibody. Scale bar = 50 μm. B. HE staining was performed in each group. Scale 
bar = 100 μm.
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ing to the manufacturer’s protocol. Briefly, a 
standard curve was drawn using the corre-
sponding ELISA kits, and all samples were mea-
sured in a 96-well plate with corresponding 
ELISA kits. The concentrations of TNF-α or IL-6 
were calculated according to the standard 
curve.

Statistics analyze

The results are presented as mean ± standard 
deviation. Differences between groups were 
assessed by One-way Analysis of Variance and 
student’s t test. P < 0.05 was considered to be 
significantly different.

Table 1. The percentages of Ki-67 positive cells in the unligated sides of liver
36 h 48 h 72 h 120 h 168 h

C-Sham 0.46 ± 0.17 0.48 ± 0.16 0.52 ± 0.21 0.51 ± 0.22 0.55 ± 0.18
C-OJ 15.27 ± 4.16** 28.34 ± 4.95*** 23.83 ± 3.18*** 20.64 ± 3.69*** 21.64 ± 5.32**

PVL 39.62 ± 5.43***,## 55.75 ± 8.70***,## 45.63 ± 7.84***,# 41.82 ± 5.53***,## 37.63 ± 6.16***,#

The results are presented as mean ± standard deviation. **P < 0.01, ***P < 0.001 compared with the C-Sham group, #P < 0.05, 
##P < 0.01 compared with the C-OJ group.

Figure 3. Selective portal vein ligation did not ag-
gravate the liver damage in rats with incomplete 
obstructive jaundice. After obstructive jaundice 
operation and selective portal vein ligation, the 
TBIL levels (A), DBIL levels (B), AST levels (C), ALT 
levels (D), and ALB levels (E) in the serum were 
measure through automatic biochemical ana-
lyzer. The results are presented as mean ± stan-
dard deviation. *P < 0.05, **P < 0.01, ***P < 
0.001 compared with the C-Sham group; #P < 
0.05, ##P < 0.01, ###P < 0.001 compared with 
the C-OJ group. TBIL, total bilirubin; DBIL, direct 
bilirubin; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; ALB, albumin.
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Results

Selective portal vein ligation increased the 
weight ratios of the unligated sides of liver in 
rat model with incomplete obstructive jaundice

After obstructive jaundice operation and selec-
tive portal vein ligation, the weight ratios of the 
unligated sides of liver were calculated. Results 
showed that, after obstructive jaundice opera-
tion, the weight ratios of the unligated sides of 
liver showed a slight increase at 48 h. No sig-
nificant changes in the weight ratios of the unli-
gated sides of liver in the C-OJ group were 
found at other time points. After selective por-
tal vein ligation, the weight ratios of the unli-
gated sides of liver were increased significantly 
when compared with the C-OJ group and the 
C-Sham group (Figure 1). However, in the PVL 
group, the weight ratios of the unligated sides 
of liver showed no significant difference bet- 
ween the five time points. These results sug-
gested that PVL can promote liver regeneration 
in rats with incomplete obstructive jaundice.

Selective portal vein ligation promoted liver 
regeneration in rats with incomplete obstruc-
tive jaundice

Immunohistochemistry was used to detect the 
expression of Ki-67 in the unligated sides of 
liver. As shown in Figure 2, the Ki-67 levels in 
the C-OJ group were slightly higher than those 
of the C-Sham group (Figure 2A). And a marked 
increase in Ki-67 level was discovered in the 
PVL group when comparing with the C-OJ group 

and the C-Sham group (Figure 2A). The per-
centages of Ki-67 positive cells were shown in 
Table 1. The percentages of Ki-67 positive cells 
in the PVL group were significantly higher than 
those in the C-Sham group and the C-OJ group. 
HE staining was performed to show the intrahe-
patic cholestasis. The results of HE staining 
showed that the intrahepatic cholestasis in the 
PVL group was remitted (Figure 2B).

Selective portal vein ligation did not aggravate 
damages to hepatic function

TBIL and DBIL levels in the C-OJ group reached 
a peak at 48 h, and then declined. The levels of 
TBIL and DBIL in the C-OJ group were higher 
than the C-Sham group at each time points. 
The TBIL and DBIL levels in the PVL group were 
the highest at 36 h, and were higher than those 
of the C-OJ group. However, at 48 h, the TBIL 
and DBIL levels in the PVL group were declined 
and were lower than those of the C-OJ group. At 
72 h and 120 h, the TBIL levels and DBIL levels 
in the PVL group were declined to a similar level 
to the C-OJ group. At 168 h, the TBIL levels and 
DBIL levels in the PVL group were declined, but 
were slightly higher than those of the C-OJ 
group (Figure 3A and 3B). These results indi-
cated that, comparing to the obstructive jaun-
dice group, selective portal vein ligation did not 
cause serious damages to hepatic function. 
After obstructive jaundice operation, significant 
increases in ALT and AST levels were observed 
in the C-OJ group. Thereafter, the AST and ALT 
levels were declined at 48 h, but reached 

Figure 4. Selective portal vein ligation increased the TNF-α levels and IL-6 levels in rats with incomplete obstructive 
jaundice. After obstructive jaundice operation and selective portal vein ligation, the TNF-α levels (A) and IL-6 levels 
(B) were measured by enzyme-linked immunosorbent assay. The results are presented as mean ± standard devia-
tion. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the C-Sham group; #P < 0.05, ##P < 0.01, ###P < 0.001 
compared with the C-OJ group. TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.
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another peak at 120 h. The AST and ALT levels 
of the C-OJ group were higher than the C-Sham 
group at each time points (Figure 3C and 3D). 
The AST levels in the PVL group reached the 
highest point at 36 h, and were higher than 
those in the C-OJ group at 36 h, 48 h, and 72 h. 
However, at 120 h and 168 h, the AST levels in 
the PVL group were similar to those in the C-OJ 
group (Figure 3C). The ALT levels were the high-
est at 36 h, and were higher than those in the 
C-OJ group. However, at 48 h, the ALT levels 
were decreased to a similar level to the C-OJ 
group. The ALT levels were also higher than the 
C-OJ group at 72 h, but declined to a similar 
level to the C-OJ group at 120 h and 168 h 
(Figure 3D). The ALB levels in the C-OJ group 
showed no significant difference compared 
with the C-Sham group. The ALB levels in the 
PVL group showed a significant decline when 
compared with those of the C-Sham group and 
the C-OJ group at 48 h (Figure 3E). These 
results demonstrated that selective portal vein 
ligation did not aggravate damages to hepatic 
function.

Selective portal vein ligation increased the 
TNF-α and IL-6 levels in rats with incomplete 
obstructive jaundice

The C-OJ group showed increased TNF-α levels 
compared with the C-Sham group, and peaked 
at 48 h. The TNF-α levels in the PVL group were 
higher than those in the C-OJ group at each 
time point (Figure 4A). The IL-6 levels showed a 
similar pattern to those of the TNF-α level. The 
IL-6 levels in the C-OJ group were higher than 
those in the C-Sham group and peaked at 48 h. 
In the PVL group, the IL-6 levels also peaked at 
48 h, and higher than the C-OJ group at each 
time point (Figure 4B). These results indicated 
that the increased TNF-α and IL-6 levels may be 
involved in the liver regeneration promotion 
effects of the selective portal vein ligation in 
rats with incomplete obstructive jaundice.

Discussion

In the present study, the effects of selected 
portal vein ligation on the liver regeneration 
were explored under the background of incom-
plete obstructive jaundice. Results of our study 
showed that selected portal vein ligation pro-
moted the liver regeneration in incomplete 
obstructive jaundice rat model.

There are double blood supply systems in the 
liver: the hepatic artery blood supply system 
and the portal vein blood supply system. Portal 
vein ligation or embolism takes advantages of 
this blood-supply characteristic of liver to block 
part of portal vein blood-supply in liver, result-
ing in atrophy, degeneration, apoptosis and 
necrosis of hepatocytes in the blocked sides  
of liver. Moreover, the proliferation in the un- 
blocked sides of liver occurs at the early stage 
post-operation, and the proliferation rates of 
unblocked sides of liver are positively correlat-
ed to the diminishing of the blocked sides of 
liver, maintaining the total weights of liver and 
the hepatic functions. Portal vein ligation or 
embolization has been verified to be effective 
in promoting the regeneration of liver [1, 10]. In 
the present study, we found that selective por-
tal vein ligation can also promote liver regener-
ation in rats with incomplete obstructive 
jaundice.

Patients with tumor in hepatobiliary system are 
usually accompanied with obstructive jaundice. 
In our study, we found that selective portal vein 
ligation could increase the weight ratios of the 
unligated sides of liver and enhanced the 
expression of Ki-67 in rat model of obstructive 
jaundice. These results demonstrated that 
selective portal vein ligation promoted the liver 
regeneration in obstructive jaundice rats. 
Comparative study shows that portal vein liga-
tion is superior to portal vein embolization in 
inducing a regenerative response of the rem-
nant liver [1]. Reperfusion after portal vein liga-
tion is discovered to enhance the effect of por-
tal vein ligation on liver regeneration [9].

Ligation of portal vein redirects portal blood to 
the unligated sides, resulting in hypertrophy. 
Portal vein ligation was reported to induce tem-
porary impairment of total liver functions, fol-
lowing by rapid recovery. The main reason may 
be the increased function of the unligated sides 
of liver. Improved function in the unligated sides 
was reported to be more pronounced than sug-
gested by the degree of volume gain [11]. In our 
study, the TBIL levels and DBIL levels in the PVL 
group peaked at 36 h, and no significant differ-
ence between the PVL group and C-OJ group 
was found at 48 h, 72 h, and 120 h. The AST 
levels at 120 h and 168 h, and the ALT levels at 
48 h, 120 h and 168 h in the PVL group showed 
no significant difference to the C-OJ group. The 
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ALB levels showed difference to the C-OJ group 
only at 48 h. These results indicated that PVL in 
incomplete obstructive jaundice rat didn’t 
aggravate the liver damage.

TNF-α and IL-6 play important roles in liver 
regeneration [12-14]. TNF-α and IL-6 are re- 
leased by activated Kupffer cells and promote 
DNA synthesis in hepatocytes and promote the 
proliferation of hepatocytes [15-17]. These two 
cytokines also sensitize hepatocytes to growth 
factors. In our study, selected portal vein liga-
tion was found to increase the levels of TNF-α 
and IL-6. These results prompt us to the hypo- 
thesis that TNF-α and IL-6 may be involved in 
the mechanism underlying the effects of sele- 
cted portal vein ligation on promoting liver 
regeneration.

In conclusion, an incomplete obstructive jaun-
dice rat model was built in this study. And the 
effects of selective portal vein ligation on liver 
regeneration were explored. Results of our 
study showed that selective portal vein ligation 
promoted the regeneration of the unligated 
sides of liver. Further study showed that the 
underlying mechanism may be associated with 
the increased TNF-α and IL-6 levels, thus pro-
moting the regeneration of the unligated sides 
of liver. This study suggests that, in clinic, for 
patients with incompleted hepatobiliary obs- 
truction whose hepatic failure risk is higher, 
selective portal vein ligation may also be taken 
into consideration to reduce the risk of hepatic 
failure and increase the success rate of sec-
ondary operation.

Acknowledgements

Thanks are giving to Junli Cao (Xuzhou Medical 
University) for his help in study design and ani-
mal experiments.

Disclosure of conflict of interest

None.

Address correspondence to: Zhong Li, College of 
Public Health, Nanjing Medical University, 101 
Longmian Avenue, Nanjing 211166, People’s Re- 
public of China. E-mail: hepaticoj123@sina.com; 
Xiangcheng Li, Liver Transplantation Center, The 
First Affiliated Hospital of Nanjing Medical Univer- 
sity, 300 Guangzhou Road, Nanjing 210029, Peo- 
ple’s Republic of China. E-mail: drxcli@njmu.edu.cn

References

[1] Furrer K, Tian Y, Pfammatter T, Jochum W, El-
Badry AM, Graf R and Clavien PA. Selective 
portal vein embolization and ligation trigger 
different regenerative responses in the rat liv-
er. Hepatology 2008; 47: 1615-1623.

[2] Abulkhir A, Limongelli P, Healey AJ, Damrah O, 
Tait P, Jackson J, Habib N and Jiao LR. Preop-
erative portal vein embolization for major liver 
resection: a meta-analysis. Ann Surg 2008; 
247: 49-57.

[3] Shirabe K, Shimada M, Gion T, Hasegawa H, 
Takenaka K, Utsunomiya T and Sugimachi K. 
Postoperative liver failure after major hepatic 
resection for hepatocellular carcinoma in the 
modern era with special reference to remnant 
liver volume. J Am Coll Surg 1999; 188: 304-
309.

[4] Clavien PA, Petrowsky H, DeOliveira ML and 
Graf R. Strategies for safer liver surgery and 
partial liver transplantation. N Engl J Med 
2007; 356: 1545-1559.

[5] Lee KC, Kinoshita H, Hirohashi K, Kubo S and 
Iwasa R. Extension of surgical indications for 
hepatocellular carcinoma by portal vein embo-
lization. World J Surg 1993; 17: 109-115.

[6] Ribero D, Curley SA, Imamura H, Madoff DC, 
Nagorney DM, Ng KK, Donadon M, Vilgrain V, 
Torzilli G, Roh M and Vauthey JN. Selection for 
resection of hepatocellular carcinoma and sur-
gical strategy: indications for resection, evalua-
tion of liver function, portal vein embolization, 
and resection. Ann Surg Oncol 2008; 15: 986-
992.

[7] Capussotti L, Muratore A, Baracchi F, Lelong B, 
Ferrero A, Regge D and Delpero JR. Portal vein 
ligation as an efficient method of increasing 
the future liver remnant volume in the surgical 
treatment of colorectal metastases. Arch Surg 
2008; 143: 978-982; discussion 982.

[8] Azoulay D, Castaing D, Smail A, Adam R, Cail-
liez V, Laurent A, Lemoine A and Bismuth H. 
Resection of nonresectable liver metastases 
from colorectal cancer after percutaneous por-
tal vein embolization. Ann Surg 2000; 231: 
480-486.

[9] Yu JH, Zhang WG, Jiang GX, Zhao JY, Li H, Wang 
ZD and Cui YF. Ischemia/reperfusion in 
clamped lobes facilitates liver regeneration of 
non-clamped lobes after selective portal vein 
ligation. Dig Dis Sci 2012; 57: 3178-3183.

[10] Mizuno S, Nimura Y, Suzuki H and Yoshida S. 
Portal vein branch occlusion induces cell prolif-
eration of cholestatic rat liver. J Surg Res 
1996; 60: 249-257.

[11] Fulop A, Budai A, Czigany Z, Lotz G, Dezso K, 
Paku S, Harsanyi L and Szijarto A. Alterations 

mailto:hepaticoj123@sina.com
mailto:drxcli@njmu.edu.cn


PVL promotes liver regeneration

1682 Int J Clin Exp Pathol 2017;10(2):1675-1682

in hepatic lobar function in regenerating rat 
liver. J Surg Res 2015; 197: 307-317.

[12] Michalopoulos GK. Liver regeneration. J Cell 
Physiol 2007; 213: 286-300.

[13] Fausto N, Campbell JS and Riehle KJ. Liver re-
generation. Hepatology 2006; 43: S45-53.

[14] Fausto N, Campbell JS and Riehle KJ. Liver re-
generation. J Hepatol 2012; 57: 692-694.

[15] Fujiyoshi M and Ozaki M. Molecular mecha-
nisms of liver regeneration and protection for 
treatment of liver dysfunction and diseases. J 
Hepatobiliary Pancreat Sci 2011; 18: 13-22.

[16] Pahlavan PS, Feldmann RE Jr, Zavos C and 
Kountouras J. Prometheus’ challenge: molecu-
lar, cellular and systemic aspects of liver re-
generation. J Surg Res 2006; 134: 238-251.

[17] Taub R. Liver regeneration: from myth to mech-
anism. Nat Rev Mol Cell Biol 2004; 5: 836-
847.


