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Abstract
AIM: To study whether transfer of blood between the 
right gastroepiploic artery and gastroduodenal artery 
could lessens the damage to bile canaliculi.

METHODS: Forty male Bama miniature pigs were 
divided into four groups as follows: a control group, 
two hepatic artery ischemia groups (1 h and 2 h), and 
a hepatic artery bridging group. The hemodynamics 
of the hepatic artery in the hepatic artery bridging 
group was measured using color Doppler ultrasound. 
Morphological changes in the bile canaliculus were 
observed by transmission electron microscopy. Cofilin, 
heat shock protein 27 and F-actin expression was 
detected by immunohistochemistry, Western blot, 
and real-time polymerase chain reaction. Terminal 
deoxynucleotidyl transferase-mediated nick end-labeling 
method was used to evaluate liver injury. 

RESULTS: The hemodynamics was not changed in 
the hepatic artery bridging group. The microvilli in the 
bile canaliculus were impaired in the two hepatic artery 
ischemia groups. The down-regulation of cofilin and 
F-actin and up-regulation of heat shock protein 27 were 
observed in the two hepatic artery ischemia groups, 
while there were no significant differences between the 
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control group and hepatic artery bridging group.

CONCLUSION: Hepatic artery ischemia aggravates 
damage to bile canaliculi, and this damage can be 
diminished by a hepatic artery bridging duct.

Key words: Nonanastomotic biliary strictures; Hepatic 
artery ischemia; F-actin; Cofilin; Heat shock protein 27; 
Hepatic artery bridging
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Core tip: The incidence of nonanastomotic biliary 
strictures ranges from 1% to 20% after liver trans
plantation (LT). The manner by which arterial ischemic 
injury to the bile ducts may be reduced in LT is an 
urgent problem to be addressed. The aim of this study 
was to validate whether a bridging duct between the 
right gastroepiploic artery and gastroduodenal artery 
could lessen the damage to the biliary tract. We have 
observed that hepatic artery ischemia aggravates 
damage to bile canaliculi, and this damage can be 
diminished by a hepatic artery bridging duct.
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INTRODUCTION
Improvements in surgical techniques, immunosu­
ppressant therapy and reductions in perioperative 
complications in the past few decades have significantly 
improved patient outcomes after liver transplantation 
(LT)[1]. Nevertheless, LT remains associated with 
various postoperative complications that account for 
patient morbidity and mortality[2]. Biliary strictures, 
which are classified into anastomotic biliary strictures 
and nonanastomotic biliary strictures (i.e., ischemic-
type biliary lesions), are the most frequent type of 
biliary complication and are typically due to ischemia/
reperfusion injury, vascular insufficiency, or fibrotic 
healing caused by improper technique[3,4]. Among 
the above-mentioned causes, hepatic ischemic injury 
to the bile duct is a major clinical problem during 
the preoperative period and frequently occurs after 
major hepatic resection or LT[5]. With the progress of 
surgical techniques in LT, anastomotic biliary strictures 
are becoming increasingly less important, while 
nonanastomotic biliary strictures remain prominent. 
The pathogenesis of nonanastomotic biliary strictures is 
associated with nonfunctioning F-actin microfilaments 
in the bile canaliculus[6,7]. Bile canaliculus epithelial 

cells play crucial roles in the formation and secretion of 
bile as well as in the excretion of circulating xenobiotic 
substances[8]. Microvilli in bile canaliculus epithelial 
cells consist of F-actin microfilaments, which are very 
important for bile excretion[7]. The continuous assembly 
and disassembly of F-actin microfilaments promote 
bile duct contraction and bile excretion; therefore, the 
loss of F-actin microfilaments leads to bile secretion 
disorder[9,10].

Some researchers have confirmed that cofilin and 
heat shock protein 27 (HSP27) are very important in the 
assembly and disassembly of F-actin microfilaments[11,12]. 
Cofilin is a member of the actin depolymerizing factor 
(ADF)/cofilin family of proteins. It plays a key role in 
actin dynamics by promoting the disassembly and 
assembly of actin filaments[13]. HSP27 is a member of 
a small HSP family that is constitutively expressed in 
cells[14]. The main functions of HSP27, as a molecular 
chaperone, include the facilitation of the refolding of 
partially denatured proteins into active conformations, 
and the modulation of F-actin and cell movement[15]. 
However, the over-expression of HSP27 may be 
detrimental when it occurs in extracellular spaces[16]. 
Some researchers demonstrate that extracellular 
HSP27 mediates inflammatory response through 
signaling toll-like receptors (TLRs) to activate nuclear 
factor-κB (NF-κB) in mononuclear cells and induce 
dendritic cell maturation[17].

Various protocols for revascularization in LT have 
been performed in clinical studies. Sequential portal 
and arterial revascularization (SeqR) and simultaneous 
portal and arterial revascularization (SimR) have been 
advocated to improve patient outcomes after LT[18-22]. 
In SeqR, the liver graft is sequentially reperfused by 
portal and arterial reperfusion; however, the primary 
disadvantage of this protocol is the potential increased 
risk of arterial ischemic injury to bile ducts, which 
depend solely on the arterial blood supply[23]. By 
contrast, in SimR, the liver graft is simultaneously 
reperfused by the portal vein and the hepatic artery. 
Nonetheless, the disadvantage of SimR is that it 
prolongs the warm ischemia time (WIT) and the 
anhepatic phase, which can be detrimental to patient 
mortality and morbidity related to the graft[24]. These 
protocols of revascularization in LT have their own 
shortcomings in reducing arterial ischemic injury to 
the bile ducts. Hence, the manner by which arterial 
ischemic injury to the bile ducts may be reduced in LT 
is an urgent problem to be addressed.

With the development of LT, some arteries have 
been advocated as alternative for hepatic arterial 
anastomosis, such as the left gastric, right gastric, 
middle colic, gastroduodenal and right gastroepiploic 
artery. Still, the right gastroepiploic artery remains the 
optimum, when the hepatic artery cannot be used[25]. 
The aim of this study was to validate whether the 
transfer of blood through a bridging duct between the 
right gastroepiploic artery and the gastroduodenal 
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artery could lessen the damage to F-actin caused by 
hepatic artery ischemia.

MATERIALS AND METHODS
Animal model
Animals: Forty male Bama miniature pigs aged 3-4 
mo were obtained from the laboratory animal center of 
the Third Military Medical University in China. All pigs 
were given access to water ad libitum. The diet was 
formulated according to the recommended nutrient 
allowances for this pig breed. All appropriate measures 
were taken to minimize pain or discomfort. This study 
had been approved by the Ethics Committee of Xi’
an Jiaotong University School of Medicine and was 
performed in accordance with the Guide for the Care 
and Use of Laboratory Animals of the Chinese National 
Institutes of Health.

Groups: All animals were divided randomly into 
four groups. The pigs in group A (control group) 
did not undergo hepatic artery ischemia and were 
simultaneously reperfused through the portal vein and 
hepatic artery after cold perfusion. The pigs in group 
B underwent hepatic artery ischemia for 1 h, while 
those in group C underwent hepatic artery ischemia 
for 2 h. The pigs in group D (hepatic artery bridging 
group) underwent blood transfer through a bridging 
duct between the right gastroepiploic artery and the 
gastroduodenal artery for 2 h. 

Animal model building: All operations were 
performed under general anesthesia (propofol 1.0 mL/
kg per hour, intravenous drip) and a right subcostal 
incision was made in the upper abdominal region. 
The ligaments around the liver were disconnected. 
The liver was fully separated from the abdominal 
cavity except for the ducts coming into and out of the 
liver. Both the gastroduodenal artery and vein were 
intubated as inflow tracts and the proximal parts were 
ligated. The anterior wall of the infrahepatic vena cava 
was split as an outflow tract. The other blood inflow 
and outflow of the liver (such as the portal vein, 
suprahepatic vena cava, infrahepatic vena cava, 
and common hepatic artery) were interrupted by 
clamps. Lactated Ringer’s solution (500 mL at 4 ℃, 
containing heparin 12.5 U/mL) was infused into the 
liver from the gastroduodenal artery and vein, res­
pectively, until the outflow was clear and the color 
of the liver turned sallow, and then, the infrahepatic 
vena cava was repaired. After perfusion, the clamps 
on the portal vein, suprahepatic vena cava, and 
infrahepatic vena cava were released, and the release 
of the common hepatic artery differed in all groups. 
The common hepatic artery of each pig in group A 
was released at the same time as the portal vein, 
suprahepatic vena cava, and infrahepatic vena cava, 
while the pigs in groups B and C underwent hepatic 

artery ischemia for 1 h and 2 h, respectively, after the 
portal vein, suprahepatic vena cava and infrahepatic 
vena cava were released. The right gastroepiploic 
artery of each pig in group D was intubated before 
perfusion to the liver, and the tube was connected 
to the gastroduodenal artery using three-junction 
placement so that blood could be transferred to the 
liver and biliary duct even though the common hepatic 
artery was not released (The inside diameter and 
length of the tube between the right gastroepiploic 
and gastroduodenal artery were 2 mm and 20 cm, 
respectively), and the other operation was the same 
as that performed for group C (Figure 1).

Specimen collection: A small piece of hepatic tissue, 
which was used as a control, was resected immediately 
at the edge of the liver after laparotomy, and another 
hepatic tissue was resected at 2 h after reperfusion. 
Reoperations were performed under general anes­
thesia at 2 wk, and 1, 2 and 3 mo after the model was 
built. During the reoperation, a subcostal incision of 
approximately 4 cm was made, and a liver tissue slice 
was resected. Blood samples (approximately 5 mL) 
were harvested preoperatively and postoperatively at 1, 
3, 5, 7, 9, 11, 13, 15, 18, 21, 24, and 27 d and 1, 1.5, 2, 
2.5, and 3 mo after surgery via precava vein puncture. 
All the animals were sacrificed after 3 mo. 

Color Doppler ultrasound
Peak velocity and blood flow of the hepatic artery in 
group D were measured using color Doppler ultrasound 
before and after the bridging duct was placed.

Serologic examination 
Total bilirubin (TB), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) and γ-glutamyl 
transpeptidase (γ-GT) were measured in the serum 
in duplicate using commercial kits according to the 
manufacturers’ protocols with an Olympus AU5421 
biochemistry analyzer.

Transmission electron microscopy
Liver fragments of approximately 2 mm3 were fixed in 
2.5% glutaraldehyde for 3 h, rinsed in PBS and then 
postfixed in 1% osmium tetroxide for 2 h. Samples 
were dehydrated in graded alcohols, embedded in 
Epon 812, cut on an ultramicrotome, and then stained 
with uranyl acetate and lead citrate. Ultrathin sections 
were viewed using transmission electron microscopy 
(Hitachi 7650, Hitachi High-Technologies Corporation, 
Japan).

Immunohistochemical staining and evaluation 
Specimens were fixed in 4% paraformaldehyde, 
embedded in paraffin, sliced 4 mm thick, and then 
prepared on glass slides. Some sections were 
observed by hematoxylin-eosin staining (HE) and 
some were stained for cofilin using a rabbit polyclonal 
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and 0.1% SDS containing protease inhibitors. Aliquots 
containing 40 μg of protein were subjected to 10% 
sodium dodecyl sulfate-polyamide gel electrophoresis 
and transferred to PVDF transfer membranes (Trans-
Blot Cell, Hercules, CA, 3-4 h, 85 mA). Immunoblotting 
was performed to detect cofilin and HSP27 (overnight 
at 4 ℃). After the procedure involving the secondary 
antibodies (2 h at 20 ℃), the specimens were 
washed and subjected to chemiluminescence using a 
commercially available blotting kit.

The integrated density of the scanned immunoblotting 
signals was measured using the “GeneTools” program on 
a personal computer.

RNA extraction and real-time quantitative polymerase 
chain reaction
Total RNA was extracted using Trizol reagent 
(Invitrogen, United States). The RNA was reverse-
transcribed to cDNA using a reverse transcriptase kit 
(PrimeScript RT Reagent Kit; TaKaRa). The relative 
abundance of each mRNA sample was quantitated 
by Q-PCR using specific primers and SYBR Premix Ex 
Taq (TaKaRa). Primers for cofilin, HSP27, F-actin and 
β-actin were designed and synthesized by TaKaRa 
Biotechnology (Table 1). Real-time PCR was conducted 
using an iQ Multicolor Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA). Cycle threshold values were 
obtained from Bio-Rad iQ5 2.0 Standard Edition optical 
system software (Bio-Rad). The data were analyzed 
using the ΔΔCt method, and β-actin served as an 
internal control.

Statistical analysis
The statistical methods of this study were reviewed by 
Deyu Meng from Institute for Information and System 

antibody (Santa Cruz Biotechnology, sc-33779) and 
HSP27 using a goat polyclonal antibody (Santa Cruz 
Biotechnology, sc-1049). This procedure was followed 
by a second reaction with biotin-labeled anti-rabbit IgG 
against cofilin, anti-goat IgG against HSP27, and anti- 
mouse IgG against F-actin (Zhongshan Goldenbrige 
Biotechnology Co., Ltd., Beijing, China). An avidin-
biotin coupling reaction was performed on the sections 
using an SP Kit (Zhongshan Goldenbrige Biotechnology 
Co., Ltd., Beijing, China).

All slide images were captured with a Leica SCN400 
slide scanner, and density was analyzed using Image-
Pro Plus 6.0 software.

Terminal deoxynucleotidyl transferase-mediated nick 
end-labeling assay
The apoptosis of hepatocytes was identified by detecting 
DNA fragmentation in situ. DNA fragmentation was 
detected by transferase-mediated nick end-labeling 
(TUNEL) assay, which was performed on deparaffinized 
and dehydrated sections using an In Situ Cell Death 
Detection Kit (Zhongshan Goldenbrige Biomedical 
Technology Co., Beijing, China) according to the 
manufacturer’s instructions. TUNEL-positive hepatocytes 
displayed a characteristic apoptotic morphology, 
including chromatin condensation, cell fragmentation, 
and apoptotic bodies. Apoptotic hepatocytes were 
examined in 10 randomly selected areas per section. 
The apoptotic index was calculated as the percentage of 
apoptotic cells in the total number of hepatocytes.

Western blot analysis
For the immunoblotting of cofilin and HSP27, liver tissue 
was homogenized in 50 mmol/L Tris buffer (pH 7.4), 150 
mmol/L NaCl, 1% NP-40, 0.5% sodium deoxycholate 
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Figure 1  Schematic diagram of animal model building. 
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Sciences, Faculty of Mathematics and Statistics, Xi’
an Jiaotong University. The data are presented as 
the mean ± SD and were processed with SPSS 19.0 
statistical software (IL, United States). Comparisons 
were performed between groups by one-way ANOVA. 
P < 0.05 was considered statistically significant.

RESULTS
Serum ALT, TB, ALP and γ-GT levels are increased after 
the operations
Following the surgery, we monitored serum ALT, TB, 
ALP and γ-GT levels. Serum ALT, TB, ALP and γ-GT 
levels were within the normal ranges immediately after 
surgery but progressively increased during the first few 
days for all groups, reaching peak values on days 7 to 
13. ALT fully recovered to normal ranges within 2 mo. 
In addition, the levels of TB, ALP and γ-GT gradually 
declined and fully recovered to normal ranges within 
1 mo. During the entire observation period, the ALT in 
group C was the highest of all the groups within 45 d 
(P < 0.05), and it was higher in group D than in group 
A from days 11 to 18 (P < 0.05) (Figure 2A). The TB 
in group C was the highest of all the groups within 24 
d (P < 0.05) (Figure 2B). The ALP was significantly 
higher in groups B and C than in groups A and D from 
1 to 24 d (P < 0.05) (Figure 2C). The level of γ-GT in 
group C was the highest of all the groups from days 1 
to 27 (P < 0.05) (Figure 2D). There were no significant 
differences in the levels of TB, ALP or γ-GT between 
groups A and D within 3 mo (P > 0.05). HE staining 
indicated that the hepatic cord was disarranged and 
that some hepatocytes disappeared in groups B and C 
(Figure 2E). 

Bridging duct does not decrease peak velocity or blood 
flow in hepatic artery
There was no significant difference in peak velocity or 
blood flow before or after the bridging duct was placed 
for group D (P > 0.05) (Figure 3).

Bridging duct decreases bile canaliculus damage 
Transmission electron microscopy showed that at 
2 h after reperfusion, the microvilli exhibited slight 
edema in groups A and D, whereas some microvilli 
disappeared in groups B and C. After 2 wk, the 
microvilli also showed edema in groups A and D, the 
bile thrombus could be observed in groups B and C 
and some of the microvilli were absent. After 2 mo, 
the microvilli recovered to normal states in groups A 

and D, and a few of them disappeared in groups B and 
C. By the third month, the microvilli in all groups were 
normal (Figure 4).

The apoptosis of hepatocytes increased 2 h after 
reperfusion in all groups and lasted for 2 mo. The 
second week was the peak time point. Compared with 
groups A and D, groups B and C exhibited significant 
increases in the apoptosis index at 2 h, 2 wk, 1 mo, 
and 2 mo (P < 0.05), while there was no significant 
difference between groups A and D within 3 mo (P > 
0.05) (Figure 5).

To further evaluate the function of the bile cana­
liculus, we examined cofilin and HSP27 expression. 
Immunohistochemical staining of the hepatocytes 
showed the down-regulation of cofilin and up-regulation 
of HSP27 at 2 h, 2 wk, 1 mo, and 2 mo in groups B and 
C compared with groups A and D (P < 0.05) (Figure 6A, 
B and C).

Similar changes were observed in Western blot 
analysis and real-time quantitative polymerase chain 
reaction. Cofilin expression decreased at 2 h and 2 wk, 
reaching the lowest level at 1 mo. Compared with the 
other groups, group C exhibited a significant decrease 
in cofilin expression at 2 h, 2 wk, 1 mo, and 2 mo (P 
< 0.05). There was no significant difference between 
groups A and D within 3 mo (P > 0.05) (Figure 7A). 
HSP27 expression increased at 2 h and 2 wk, reaching 
the highest level at 1 mo. Compared with groups A and 
D, group C exhibited significant increases at 2 h, 2 wk, 
1 mo, and 2 mo (P < 0.05). There was no significant 
difference between groups A and D within 3 mo (P > 
0.05) (Figure 7B). The four groups showed differential 
expression of cofilin and HSP27 within 3 mo (Figure 
7C). The mRNA level of cofilin was decreased at 2 h 
after reperfusion, the lowest level was observed at the 
second week before recovery, and the preoperative 
level was gradually reached within 3 mo. Compared 
with groups A and D, significant differences were 
revealed at 2 h, 2 wk, 1 mo and 2 mo for group C (P 
< 0.05) (Figure 8A). The mRNA level of HSP27 was 
increased at 2 h after reperfusion; the highest level 
was obtained at the second week, and the preoperative 
level was reached within 3 mo. Compared with the 
other groups, significant differences were revealed at 2 
h, 2 wk, 1 mo, and 2 mo for group C (P < 0.05) (Figure 
8B). The mRNA level of F-actin was decreased at 2 h, 
2 wk, 1 mo and 2 mo in group C. However, there were 
no significant differences between groups A and D 
within 3 mo (P > 0.05) (Figure 8C).
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Table 1  The primer sequences of cofilin, HSP27, F-actin and β-actin

Gene Forward (5'-3') Reverse (5'-3')

Cofilin CAAGAAGGACCTGGTGTTC TTGGAGCTGGCGTAGATCATT
HSP27 CGTTGCCAATAACACAAACG GGCTTCTACTTGGCTCCAGA
F-actin GCTAAGAAGGCGATACAA AGA ATG AGG ACTGGGTGA
β-actin CCAGGTCATCACCATCGG CCGTGTTGGCGTAGAGGT
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Figure 2  Serum chemistry and hepatic cord structure are altered after surgery. A: Serum ALT levels; B: Serum TB levels. C: Serum ALP levels; D: Serum γ-GT 
levels; E: HE staining at 1 mo (magnification × 400). Group A: Control group; Group B: Hepatic artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 
h); Group D: Hepatic artery bridging group. Group A vs Group D, cP < 0.05; Group B vs Group D, eP < 0.05; Group B vs Group C, gP < 0.05.
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DISCUSSION
Nonanastomotic biliary strictures account for a major 
proportion of patient morbidity and mortality after LT 
and are characterized by progressive jaundice, fever, 
and abdominal discomfort, accompanied by increases 
in blood bilirubin, ALP and γ-GT[24,26]. Pathological 
examination may identify bile thrombus and intra­

hepatic cholestasis, and intra- and/or extrahepatic 
bile duct strictures may be revealed by an imaging 
test[27]. A classification of nonanastomotic biliary 
strictures has been proposed based on the localization 
of the abnormalities, distinguishing between 
type Ⅰ (extrahepatic lesions), type Ⅱ (intrahepatic 
lesions), and type Ⅲ (intra- and extrahepatic 
alterations)[28,29].
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Figure 4  Morphological changes in bile canaliculi as visualized by transmission electron microscopy (magnification × 40000). Group A: Control group; 
Group B: Hepatic artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group.

2 h                                       2 wk                                    1 mo                                  2 mo                                    3 mo

G
ro

up
 D

  
  

  
  

  
  

  
  

  
  

  
  

 G
ro

up
 C

  
  

  
  

  
  

  
  

  
  

  
  

  
  

G
ro

up
 B

  
  

  
  

  
  

  
  

  
  

  
  

  
G

ro
up

 A
Wang JZ et al . Hepatic artery bridging diminishes ischemic injury



10120 September 21, 2015|Volume 21|Issue 35|WJG|www.wjgnet.com

60

40

20

0

 A
po

pt
ot

ic
 in

de
x 

of
 h

ep
at

oc
yt

es

2 h              2 wk             1 mo             2 mo            3 mo
                                       t /mo

a

Group A
Group B
Group C
Group D

Figure 5  Apoptotic index (percentage of apoptotic cells in the total 
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To lessen the damage to F-actin caused by hepatic 
artery ischemia, we designed a hepatic artery bridge 
animal model. The clamping and releasing of the 
vessels in this model were performed to simulate 
disconnection and reconstruction. This approach could 
avoid potential surgical technical complications, making 

the operation easier to perform. Although conventional 
LT procedures are simplified, the key sequences of 
LT, such as graft perfusion, cold preservation, cold 
ischemia-reperfusion, warm ischemia-reperfusion, and 
the anhepatic phase, still exist. Thus, this modified 
model could adequately imitate the hepatic artery 

10121 September 21, 2015|Volume 21|Issue 35|WJG|www.wjgnet.com

Figure 7  Expression of cofilin and HSP27 for all groups. A: Cofilin; B: HSP27; C: Western blots of cofilin and HSP27. Group A: Control group; Group B: Hepatic 
artery ischemia group (1 h); Group C: Hepatic artery ischemia group (2 h); Group D: Hepatic artery bridging group. aP < 0.05, cP < 0.05 vs Group B.
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ischemia-reperfusion procedure in LT. Most confounding 
factors related to nonanastomotic biliary strictures were 
excluded or well controlled in this model. Considering 
all these facts, we placed a bridging duct between the 
right gastroepiploic artery and the gastroduodenal 
artery.

Under normal circumstances, ALP and γ-GT are 
bound to the canaliculus membranes of hepatocytes 
and the apical cell surfaces of cholangiocytes. The 
increased release of these enzymes occurs under 

pathologic conditions when cell membranes are 
injured[30,31]. Serological tests showed that ALT, TB, ALP 
and γ-GT were elevated in groups B and C during the 
early postoperative period in our study; however, there 
were no significant differences in the levels of TB, ALP 
or γ-GT between groups A and D within 3 mo. These 
findings imply that hepatic artery ischemia can induce 
biliary tract injury and that a bridging duct between 
the right gastroepiploic artery and the gastroduodenal 
artery can lessen the liver damage. 
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Bile canaliculi, which are connected to the canal 
of Hering and bile ducts, are formed by grooves on 
some of the lateral faces of hepatocytes[32,33]. Our 
observations showed that hepatic artery ischemia 
led to the loss of many microvilli from the bile 
canaliculi and that a longer duration of hepatic artery 
ischemia was associated with a more serious loss; 
however, the presence of a bridging duct decreased 
the damage. The function of microvilli relies on the 
continual polymerization and depolymerization of 
actin microfilaments, and both cofilin and HSP27 play 
important roles in F-actin dynamics[12,34,35]. The down-
regulation of cofilin and F-actin indicated that the 
function of bile canaliculi was also impaired and over-
expression of HSP27 was detrimental to the assembly 
and disassembly of F-actin microfilaments after hepatic 
artery ischemia. Some studies have suggested that 
HSP27 is an endogenous activator of toll-like receptor 
2 (TLR2) and toll-like receptor 4 (TLR4), and that TLR4 
is one of the signaling pathways involved in mediating 
the proinflammatory effects of extracellular HSP27[36]. 
Fortunately, the bridging duct did not impair the 
function of bile canaliculi, and we speculate that it did 
not change the hemodynamics in group D and that it 
circumvented the damage due to ischemia reperfusion 
injury, which is common in LT.

Intrahepatic cholangiocytes are only nourished by 
the peribiliary vascular plexus (PVP), which represents 
the terminal branches of the hepatic artery[37]. The 
PVP communicates with the branches of the portal 
vein, and portal vein blood may then reflow into 
the PVP during the warm ischemia. Microthrombus 
may further form in PVP because of the slow flow 
rate[38]. This phenomenon is assumed to be the cause 
of nonanastomotic biliary strictures. Our research 
revealed that the hepatic artery bridging duct did not 
decrease the peak velocity or blood flow in the hepatic 
artery, which might explain how a hepatic artery 
bridging duct could lessen the damage to microvilli 
caused by hepatic artery ischemia. The advantage of 
the hepatic artery bridging duct was that it lessened 
the injury to bile canaliculi caused by hepatic artery 
ischemia and reduced blood flow to the liver and biliary 
tract, which are inevitable in LT. 

Our research has its limitations. Only clamping 
and releasing of the vessels in this model were perfor­
med to simulate disconnection and reconstruction. 
Another limitation is that this modified model merely 
imitates the hepatic artery ischemia-reperfusion 
procedure in LT, and most confounding factors related 
to nonanastomotic biliary strictures are excluded. 
These limitations can be overcome in the future by 
conducting animal allergenic LT studies.

In conclusion, hepatic artery ischemia aggravates 
damage to bile canaliculi, and this damage can be 
lessened by the presence of a bridging duct between 
the right gastroepiploic artery and the gastroduodenal 
artery within 3 mo. Whether a bridging duct can be 

used in animal allergenic LT will be determined in a 
follow-up study. 
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Biliary complications are a serious concern after liver transplantation (LT). Non-
anastomotic strictures (NAS) have become the main type of biliary complication 
in recent years. The reasons behind the NAS are complicated and involve 
several factors. These factors include the use of reperfusion, postoperative 
cytomegalovirus infection, hepatic artery ischemia, and poor HLA-match. 
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Some researchers have confirmed that cofilin and heat shock protein 27 
(HSP27) are very important in the assembly and disassembly of F-actin 
microfilaments. Cofilin plays a key role in actin dynamics by promoting the 
disassembly and assembly of actin filaments. The main functions of HSP27, 
as a molecular chaperone, include the facilitation of the refolding of partially 
denatured proteins into active conformations, and the modulation of F-actin and 
cell movement.

Innovations and breakthroughs
To lessen the damage to F-actin caused by hepatic artery ischemia, we 
designed a hepatic artery bridge animal model. This approach could avoid 
potential surgical technical complications, making the operation easier 
to perform, and the key sequences of LT, such as graft perfusion, cold 
preservation, cold ischemia-reperfusion, warm ischemia-reperfusion, and the 
anhepatic phase, still existed. Thus, this modified model could adequately 
imitate the hepatic artery ischemia-reperfusion procedure in LT. The authors 
placed a bridging duct between the right gastroepiploic artery and the 
gastroduodenal artery and found that the bridging duct could lessen the 
damage to F-actin caused by hepatic artery ischemia.

Applications
The study results suggest that hepatic artery ischemia aggravates damage to 
bile canaliculi, and this damage can be lessened by the presence of a bridging 
duct between the right gastroepiploic artery and the gastroduodenal artery 
within 3 mo.
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The current methods of revascularization in liver transplantation can be 
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sequentially or simultaneously. The most commonly used procedure 
for the revascularization of liver grafts is sequential portal and arterial 
revascularization. However, sequential portal and arterial revascularization 
increases warm ischemic injury to the bile ducts, which depends on the hepatic 
artery. The disadvantage of simultaneous portal and arterial revascularization is 
that it prolongs the warm ischemia time and the anhepatic phase, which can be 
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