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Obstructive jaundice is a common clinical symp‐
tom generally caused by bile duct stones, inflammatory 
hyperplasia, and tumors. It is characterized by hyper‐
bilirubinemia and may trigger a variety of complica‐
tions such as hypotension, kidney injury, endotoxemia, 
multiple organ dysfunction syndrome, and even death 
(Pavlidis and Pavlidis, 2018; Liu et al., 2021). Reliev‐
ing bile duct obstruction and providing adequate drain‐
age have been considered as the most effective ther-
apies for obstructive jaundice. However, it has not yet 
been established whether it is beneficial to treat affected 
patients by pre-operative biliary drainage (Blacker 
et al., 2021). Moreover, the pathophysiological changes 
or mechanisms associated with the reversal of organ 
function following the relief of bile-duct obstruction 
are unclear (Huang et al., 2004). Therefore, it is neces‐
sary to establish an experimental model of reversible 
obstructive jaundice to simulate biliary drainage in 
clinical practice.

Common bile duct ligation (BDL) has been widely 
used to induce obstructive jaundice (Frissen et al., 
2021). Biliary drainages, both internal and external, 
have been performed to construct reversible models 
of obstructive jaundice (Li and Chung, 2001). Although 
reversible obstructive jaundice models have been 

explored in mice and rats, these procedures have flaws 
such as the requirement of a second laparotomy, high 
mortality, and blockage of the drainage tube, which 
lead to significant direct effects on the results and limit 
their application (Wu et al., 2013). Thus, new animal 
models of reversible obstructive jaundice are worth 
exploring.

In the present study, we successfully developed a 
rat model of obstructive jaundice by ameliorated BDL 
(ABDL) rather than BDL. The detailed surgical proced-
ure is shown in Figs. 1 and 2. Reversible obstructive 
jaundice could be easily achieved based on this model 
of ABDL (Fig. 3). There were no death cases in this 
study. After seven days, the skin color of the auricle 
was characterized by yellowing in rats who underwent 
ABDL (Figs. 4a and 4b). Interestingly, the color of 
the skin returned to a normal red color and the yellow 
color disappeared seven days after reversal of ABDL 
(R-ABDL) (Fig. 4c). The changes in auricle skin color 
indicated that the biliary obstruction was effectively 
established by means of ABDL, and that the obstruc‐
tion was successfully relieved by R-ABDL. Then, the 
serum alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total bilirubin (TBIL), and albu‐
min (ALB) levels were determined to assess the im‐
pacts of bile duct obstruction and biliary reversal on 
liver function. Compared with the sham operation (SH) 
group, the serum levels of ALT (Fig. 4d), AST (Fig. 4e), 
and TBIL (Fig. 4f) were significantly increased after 
seven days in the BDL and ABDL groups, while the 
serum ALB level (Fig. 4g) decreased. There was no 
significant difference in the serum level of ALT, AST, 
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TBIL, or ALB between the groups at seven days after 
BDL and ABDL. However, the serum ALT, AST, and 
TBIL levels were significantly decreased, and the 
serum ALB level was significantly increased in rats 
seven days after they underwent R-ABDL as compared 
with the values at seven days following ABDL. More‐
over, the serum level of ALT, AST, TBIL, or ALB 
showed no significant difference between the group 
that underwent R-ABDL after seven days and the SH 
group. These results indicated that ABDL is an effect-
ive and reliable means to induce biliary obstruction 
similar to BDL, and that the reversal of biliary obstruc‐
tion after ABDL can be easily achieved. Furthermore, 
the deranged liver function occurring seven days after 
biliary obstruction could return to normal seven days 
after the relief of biliary obstruction.

Hematoxylin and eosin (H&E) staining, Masson’s 
trichrome staining, and Sirius red staining of the 
tissues were performed to study the histopathological 
changes and to quantify the extent of liver fibrosis 
caused by biliary obstruction and reversal. The livers 
in the SH group displayed normal histological struc‐
ture and only a small amount of collagen was observed 
in the portal area (Figs. 5a and 5b). However, as com‐
pared with the SH group, seven days after BDL and 
ABDL, the portal area appeared expanded due to pseudo 
bile-duct proliferation and infiltration by inflammatory 
cells. There was no obvious hepatic necrosis in either 
the BDL or ABDL group seven days after the proced-
ure. Interestingly, cholestasis was markedly alleviated 
seven days after R-ABDL as compared with the BDL 
and ABDL groups at seven days; however, it did not 

Fig. 1  Diagrammatic representation of the ameliorated 
bile duct ligation (ABDL) model. (a) Exposure of the bile 
duct; (b) Placement of spacers with sutures anterior and 
posterior to the bile duct; (c) Insertion of a silicone tube; 
(d) Knotting of sutures over the silicone tube to the third 
spacer embedded in the subcutaneous layer; (e) * and 
# represent the median and right abdominal incisions, 
respectively.

Fig. 2  Representative images of the operational procedure 
used to cause biliary obstruction by ameliorated bile 
duct ligation (ABDL). (a) Median abdominal incision; 
(b) Opening of the abdominal cavity; (c) Exposure of bile 
duct; (d) Placement of the spacer posterior to the bile 
duct; (e) Placement of the spacer anterior to the bile duct; 
(f) Insertion of a silicone tube; (g) Making a knot in the 
spacer; (h) Embedding the third spacer subcutaneously on 
the right of the median abdominal incision; (i) Closing the 
abdomen in layers.

Fig. 3  Representative images of the reversal of ameliorated 
bile duct ligation (R-ABDL) procedure. (a) Making a small 
incision and exposure of the spacer; (b) Cutting the thread 
node; (c) Removal of the silicone tube; (d) Removal of the 
suture. M, T, and S indicate the Mersilk suture, tube, and 
spacer, respectively.
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completely return to normal. Both Masson’s trichrome 
staining and Sirius red staining (Figs. 5b and 5c) 
showed an abundant deposition of collagen seven days 
after BDL and ABDL, and this was significantly higher 
than that in the SH group. Moreover, a significant 
reduction in the area of collagen deposition was 
observed seven days after R-ABDL, but this was still 
higher than the collagen deposition area in the SH 
group. The area of fibrotic lesions and the percentage 
of collagen in the BDL and ABDL groups at seven 

days were significantly higher than those in the SH 
group. Importantly, a significant reduction in the areas 
of fibrotic lesions and collagen deposition was ob‐
served seven days after R-ABDL. The above results 
indicated that obstructive jaundice could be effectively 
induced by ABDL in a similar manner to BDL, and it 
could be reversed by R-ABDL. Liver fibrosis and the 
accumulation of collagen at seven days after obstruc‐
tion were both significantly decreased, but did com‐
pletely diminish seven days after R-ABDL. Cytokeratin 

Fig. 4  Skin color of the auricle of rats after various procedures and the levels of serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), total bilirubin (TBIL), and albumin (ALB) in the various groups seven days after the 
procedure. Skin color of the auricle in the sham operation (SH) group (a), after seven days in the ameliorated bile duct 
ligation (ABDL) group (b), and after seven days in the reversal of ABDL (R-ABDL) group (c) is shown. The rat in 
the ABDL (b) and R-ABDL (c) groups represents the same rat that underwent ABDL and then R-ABDL. Serum levels of 
ALT (d), AST (e), TBIL (f), and ALB (g) were shown. All values are presented as mean±standard deviation (SD), n=6. 
** P<0.01, *** P<0.001, **** P<0.0001; ns: not significant.
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19 (CK19) protein was considered as a biliary marker 
and associated with the progression of liver fibrosis. 
Immunohistochemical staining was further performed 
to investigate the intrahepatic biliary mass. As shown 
in Fig. 5d, CK19 was mainly expressed in bile duct 
endothelial cells for the SH group. In comparison, high 
expression of CK19 was observed in the BDL and 
ABDL groups, indicating an abundance of reactive bile 
ductules in the portal regions. Furthermore, there was 
no difference for the CK19-positive area between the 
BDL and ABDL groups. The positive area of CK19 
was significantly lower at seven days in the R-ABDL 
group compared with those in the BDL and ABDL 
groups, but slightly higher than that in the SH group, 
indicating that liver fibrosis was significantly alleviated 
after biliary reversal.

Previous research demonstrated that cellular 
senescence plays a vital role in BDL-hepatic fibrosis. 
The senescence-related proteins p16 and p21 were 
analyzed by western blot (Fig. 6). The protein expres‐
sion of p16 and p21 was significantly higher in the 
BDL and ABDL groups than in the SH group. More‐
over, compared with the former two groups, a signifi‐
cant reduction of p16 and p21 was observed in the 
R-ABDL group, indicating that the extent of liver 
fibrosis was markedly alleviated after R-ABDL.

The survival rate of rats was further analyzed to 
investigate whether biliary reversal could prevent death 
caused by obstructive jaundice. The various groups 
were further evaluated in this regard. The BDL group 
had no intervention performed, whereas the reversal 
of biliary obstruction was performed in the ABDL 

Fig. 5  Hematoxylin and eosin (H&E) staining (a), Masson’s trichrome staining (b), Sirius red staining (c), and 
cytokeratin 19 (CK19) immunostaining (d) in the various groups. The red and black arrows represent central vein and 
the portal area, respectively. The blue dashed lines represent the approximate borders for fibrotic tissue. All values are 
presented as mean±standard deviation (SD), n=5. * P<0.05, *** P<0.001, **** P<0.0001; ns: not significant. SH: sham 
operation; BDL: bile duct ligation; ABDL: ameliorated BDL; R-ABDL: reversal of ABDL.
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group at seven days. As shown in Fig. S1, the survival 
of rats in the BDL group was less than 50 d. Five rats 
in the R-ABDL group survived longer than 100 d 
without any complications, whereas one rat in this 
group died after three days due to biliary fistula. Thus, 
rats treated by R-ABDL had significantly longer sur‐
vival than rats who underwent BDL alone (P<0.001), 
demonstrating that the reversal of biliary obstruction 
was successfully achieved after R-ABDL.

The present study established a novel rat model 
of reversible obstructive jaundice that could be easily 
performed, avoid a second laparotomy, and result in a 
low mortality rate. As is well known, a second lapar-
otomy makes the reversal of bile duct obstruction dif‐
ficult in the rat because of tissue adhesion and hemor‐
rhage. Only one rat died after bile duct reversal using 
our method, which is an accepted threshold value 
compared with previous approaches. Moreover, the 
direct injury to the bile duct caused by suture ligation 
was effectively avoided in our model.

The effectiveness of our experimental model was 
verified by evaluating the hepatic function and histo‐
pathology of the liver. The serum ALT, AST, and TBIL 
levels measured at seven days after obstructive jaun‐
dice returned to normal seven days after relieving the 
obstruction. Although the liver fibrosis and prolifer‐
ation of the biliary ductules after seven days of obstruc‐
tion relief were significantly alleviated, they did not 
return to complete normalcy, which is consistent with 
previous results (Aronson et al., 1993; Hiratani et al., 
2019). Therefore, the recovery of liver function pre‐
cedes histological changes. To summarize, an ameli-
orated rat model of reversible obstructive jaundice was 
successfully achieved in our study.

Various methods have been attempted to estab‐
lish the reversal of bile duct obstruction (Du et al., 

2016). For example, external drainage was used to 
establish reversible obstructive jaundice; however, 
tube-related complications such as blockage, cannu‐
lation failure, and tube dislodgement have restricted 
its application. In addition, the risk of biliary infection 
using this technique is increased due to exposure of 
the biliary cannula.

The internal drainage approach has also been used 
to establish reversible obstructive jaundice. This was 
considered superior to external drainage due to its physio-
logical similarity (Ji et al., 2017). Internal drainage can 
be accomplished by anastomotic and non-anastomotic 
methods. The first anastomotic procedure, the Roux-en-Y 
choledochojejunostomy that paralleled the clinical 
situation to some extent, was successfully established 
and widely used for relieving biliary obstruction (Lyu 
et al., 2021). Although the death rate was reduced 
with the improvement of operation technology, its 
requirements of skilled technique and lengthy surgery 
time have limited its application. The second anasto‐
motic procedure to establish reversible obstructive jaun‐
dice was choledochocholedochostomy. This procedure 
had the disadvantage of requiring a second laparot-
omy, and the duodenal side of the bile duct was diffi‐
cult to be exposed during the second operation (Huang 
et al., 2017). The third anastomotic procedure, as a 
classic technique to achieve reversible obstructive jaun‐
dice, was choledochoduodenostomy. In this technique, 
the reversal of obstruction after BDL was obtained by 
inserting and connecting the duodenum and the dilated 
bile duct with a short polyvinylchloride tube. This 
model mimicked choledochoduodenostomy and endo‐
scopic biliary stent insertion performed in humans. 
However, this model had a high mortality and poor 
stability due to the high incidence of tube-related com‐
plications. In addition, it was not applicable in the 

Fig. 6  Expression of senescence markers reduced by R-ABDL in rats with biliary obstruction. (a) The expression of p16 
and p21 proteins was measured by western blot in each group; (b) The semi-quantitative data were shown. The protein 
expression was normalized to the β-actin. All data were presented as mean±standard deviation (SD), n=3. **** P<0.0001; 
ns: not significant. SH: sham operation; BDL: bile duct ligation; ABDL: ameliorated BDL; R-ABDL: reversal of ABDL.
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long term due to frequent blockage of the tube caused 
by a solid diet. Overall, traditional anastomotic methods 
to establish reversible obstructive jaundice had several 
drawbacks that restricted their wide application.

Hence, to reduce mortality, methods other than 
those using anastomotic techniques were explored to 
establish a model of reversible obstructive jaundice. 
For example, a titanium clip was employed to clip the 
bile duct and induce obstructive jaundice, and the 
obstruction was relieved by the removal of the titanium 
clip without a second laparotomy in mice and rats. 
The simplicity, feasibility, and low mortality of this 
approach could be used to establish an animal model 
of reversible obstructive jaundice. However, this pro‐
cedure was limited by the difficulty in removing the 
titanium clip, and the bile duct was often damaged 
due to the traction exerted during removal (Hiratani 
et al., 2019). Oruç et al. (2009) tied a knot over the 
plastic venous cannula, which was inserted over the 
bile duct to produce obstructive jaundice. Cutting this 
knot caused the relief of obstructive jaundice. This 
procedure avoided direct injury caused by suture liga‐
tion, and the technique was easy to perform. However, 
this procedure required a second laparotomy and hence 
limited its application. Kahramansoy et al. (2012) used 
rapidly absorbable sutures to ligate the bile duct to 
establish reversible obstructive jaundice. The biliary 
obstruction was reversed when these materials were 
degraded. This procedure required no second laparot‐
omy either, and was easy to perform. The main disad‐
vantage of this method was that tight ligation by ab‐
sorbable sutures could cause direct injury to the bile 
duct. Moreover, the method was inconsistent due to 
individual differences in the absorption of absorbable 
sutures (Huang et al., 2017). Although all these methods 
could establish a model of reversible obstructive jaun‐
dice (Huang et al., 2017), they have not gained popu-
larity due to the related technical difficulty and lack 
of consistency. Hence, anastomotic methods remain 
more common to establish reversible obstructive jaun‐
dice models.

Materials and methods
Detailed methods are provided in the electronic supple‐

mentary materials of this paper.
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