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A simple rat model of in situ reversible obstructive
jaundice in situ reversible obstructive jaundice model

Xin Huang, Chong-Hui Li', Ai-Qun Zhang', Zhe Kong', Wan-Qing Gu', Jia-Hong Dong

Center for Hepaftopancreatobiliary Diseases, Beijing Tsinghua Changgung Hospital, 7singhua University Medical Center, Beijjing,
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Purpose: To develop a simple and reliable rat model of in situ reversible obstructive jaundice with low morbidity and
mortality rates.

Methods: Rats were divided into 4 groups with 8 rats each: the sham-operated (SH) group only underwent laparotomy,
the control internal drainage (ID-C) group underwent choledochoduodenostomy, the new internal drainage (ID-N] group
and the long-term internal drainage (ID-L) group underwent choledochocholedochostomy. Common bile duct ligation
was performed in all the drainage groups 7 days before reversal procedures. All rats were sacrificed for samples 7 days
after the last operation except rats of the ID-L group that survived 28 days before sacrifice. Body weight, liver function,
histopathological changes, morbidity and mortality were assessed.

Results: One rat died and 2 rats had complications with tube blockage in the ID-C group. No death or complications
occurred in the ID-N and ID-L groups. The drainage tube remained patent in the long-term observation ID-L group. Body
weight showed no significant difference between the ID-C and ID-N groups after 7 days drainage. Liver function was not
fully recovered in the ID-C and ID-N groups after 7 days drainage, but statistical differences were only observed in the ID-C
group compared with the SH and ID-L groups. Periportal inflammation and bile duct proliferation showed severer in the
ID-C group than in the ID-N group.

Conclusion: The present study provided an efficient, simple, and reliable rat model that is especially suitable for long-term
or consecutive studies of reversible obstructive jaundice.

[Ann Surg Treat Res 2017;92(6):389-395]
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INTRODUCTION

Nowadays, the models of obstructive jaundice (O]) and its
reversal are frequently used in many experimental studies
such as on the benefits and risks of preoperative internal
and external drainage, short-term and long-term outcomes
after surgery, and metabolism changes in liver and digestive
tract [1-4]. An ideal model for OJ and its reversal should be
technically easy, stable during the study period, and associated
with low mortality and morbidity rates. There already have

been various kinds of methods for inducing and releasing
OJ in rats, such as subcutaneously tunneled cannulation
technique and tube-to-tube choledochocholedochostomy and
choledochoduodenostomy [5-7]. However, they more or less
have their own defects. It was reported that tube dislodgement
and blockage were common disadvantages of cannulation
techniques, and the technical complexity and high mortality
and morbidity rates were common disadvantages of diverting
techniques [5-9]. These defects may limit the use of these
models and influence the reliability of experimental results.
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Thus, in the present study we developed a simple and reliable
rat model of OJ and in situ reversal and compared this new
model with the commonly used choledochoduodenostomy
model.

METHODS

Animals
Thirty-two male Sprague-Dawley rats weighing 200-220 g

were included in this study. They were housed under controlled
temperature, humidity, and 12-hour alternate light-dark cycles.
Standard rat chow and tap water were allowed ad Iibitum. This
experiment was performed in compliance with the standards
for animal use and care set by the Animal Ethics Committee of
Chinese PLA General Hospital.

Experimental design
The rats were randomized divided into 4 groups with 8

rats each. The sham-operated (SH) group only underwent
laparotomy. Other rats underwent common bile duct (CBD)
double ligation and transection in the first laparotomy for
inducing OJ. The releasing procedure of OJ was performed with
two different internal drainage (ID) methods. A commonly
used method named choledochoduodenostomy constituted
the control internal drainage (ID-C) group and the new method
described in the present study constituted another internal
drainage (ID-N) group. To check the effect of long-term drainage
of this new method, a long-term internal drainage (ID-L) group
was also presented in this study.

Surgical procedures
All rats were allowed only tap water 12 hours before surgery.

Operations were performed under sterile conditions with ether
inhalational anesthesia. An operating microscope (Binocular
Operation Microscope; Type GX.SS.22-3; Shanghai Medical
Optical Instruments Co., Ltd, Shanghai, China) for small animal
surgery was used during the entire operation.

Obstructive jaundice

CBD ligation was performed in rats of the 3 drainage groups
except the SH group. The abdomen was shaved free of hair and
disinfected before operation. An upper midline abdominal
incision about 2.0-3.0 cm was made. The abdominal wall was
separated with retractors designed for small animals (Fig. 1A).
A short section of the bile duct between the beginning of the
CBD and the entrance to the pancreas was selected for bile
duct ligation where there was little connective tissue around.
Two 8-0 black monofilament nylon sutures (Nonabsorbable
Suture, Shanghai Pudong Jinhuan Medical Products Co., Ltd.,
Shanghai, China) were passed through under the bile duct.
0] was performed by double ligation and transection of the
CBD (Fig. 1B). The use of precision surgical instruments and
fine sutures could maximally reduce tissue adhesion. The
abdominal wall was closed by layers with a 3-0 nonabsorbable
silk suture (Mersilk, Johnson Medical Ltd., Shanghai, China). All
the procedures took less than 10 minutes.

ID by choledochocholedochostomy

The releasing procedure of O] was performed through the
previous incision 7 days after bile duct ligation. After exposure
of the dilated CBD and the pancreas, the pancreatic side of
the CBD could be found near the dilated CBD with a black
knot due to a little tissue adhesion (Fig. 2A). The upper part
of the pancreatic side of the CBD, close to the black knot, was
dissected and half-cut with precision surgical instruments.
An 8-0 monofilament nylon suture was passed through under
the bile duct. A plastic tube, cut from an intravenous catheter
(Disposable Sterile intravascular catheters, Shanghai Pudong
Jinhuan Medical Co., Ltd.), 8 mm in length, 0.8 mm in diameter,
was inserted into the duodenal side of the original bile duct
and tied in position with the previously placed suture with
half left outside the bile duct (Fig. 2B). Transparent liquid
ascending from the tube indicated the successful cannulation.
Subsequently, the end of the dilated CBD was dissected and
an 8-0 monofilament nylon suture was placed under the distal

Fig. 1. Surgical procedure of
inducing obstructive jaundice
(O)). (A) Expose the common
bile duct (CBD) without pulling
out the duodenum. The arrow
showed the whole CBD. (B)
Double ligation and transection
of the CBD for inducing OJ. The
white arrow showed the hepatic
side of the CBD. The black arrow
showed the pancreatic side of the
CBD.
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Fig. 2. Surgical procedure of releasing obstructive jaundice (Q)) in situ. (A) Operating field before the reversal procedure.
The arrow showed the pancreatic side of the CBD. (B) A plastic tube was inserted into the pancreatic side of the CBD. (C)
Operating field after the second operation. The 2 sides of the CBD were connected with the tube.

end. The dilated end was punctured and aspirated with a 1-mL
syringe, followed by expanding the puncture point with a 16-G
needle. The outside part of the tube that had been placed into
the distal CBD was inserted into the dilated CBD through the
punctured point and tied in position with the 8-0 suture (Fig.
2C). To avoid dislodging of the tube, suture ends of the 2 sides
were tied separately. Then the tube was entirely involved in the
bile duct. The operation took less than 20 minutes to complete.

ID by choledochoduodenostomy

Choledochoduodenostomy was performed according to
the technique reported by Li and Chung [5]. Briefly, 7 days
after bile duct ligation, the abdominal wall was reopened and
internal drainage was achieved by connecting the dilated CBD
and duodenum with a short polyvinylchloride tube (10 mm
in length, 25 mm in diameter). The suture ends of the 2 sides
were tied separately to prevent tube dislodgement. The entire
procedure took 20 to 30 minutes.

Evaluation
Body weights were collected before operation and sacrifice.

Blood sample and liver tissue were acquired under inhalation
anesthesia on day 7 in the SH group and day 14 in the ID-C
and ID-N groups (on day 7 after biliary drainage). In the ID-L
group, samples were collected on day 35 (on day 28 after biliary
drainage). The patency of the tubes were checked in all the
drainage groups.

Blood samples were withdrawn from the inferior vena
cava and centrifuged at a speed of 4,000 rpm for 10 minutes
to isolate the serum which was stored at -80°C until use.
Serum albumin (ALB), ALT, ALP, and total bilirubin (TB) were
measured in the Biochemical Laboratory of the Chinese PLA
General Hospital.

Liver tissue was removed and fixed in 10% formalin. After
embedded in paraffin, liver tissue was cut into 5-um-thick

sections and stained with hematoxylin and eosin (H&E). A light
microscope was used to check the histopathological findings.

Statistical analysis
Data are expressed as means =+ standard deviation. Statistical

analysis was performed using SPSS ver. 17 (SPSS Inc., Chicago,
IL, USA). Body weight was evaluated by sample t-tests and
liver function parameters were analyzed by 1-way analysis of
variance. A P-value of <0.05 was considered significant.

RESULTS

All operations were performed successfully in each group.
The rats that received CBD ligation and transection in the first
laparotomy showed apparent physical changes like inappetence,
dark urine, and clay-colored stools. All rats survived without
complications until the second laparotomy. During the second
operation, mild tissue adhesion could be seen around dilated
CBD in each rat. In the ID-C group, one rat died of duodenal
obstruction 4 days after the second operation and 2 rats
survived to sacrifice with chyme blockage in the drainage tube.
No death or complications occurred in the ID-N and ID-L groups
and the tubes remained patent without bile leakage even
following 28 days internal drainage. Due to the large drainage
tube, tissue proliferation and adhesion around the operating
fields were severer in the ID-C group than the ID-N group after
the second operation.

Body weight of rats changed markedly in all the groups as
time went on (Fig. 3). Seven days after the first laparotomy, body
weight was significantly lower in 3 CBD ligated groups than the
SH group (P < 0.01). No significant difference of body weight
was observed among the 3 CBD ligated groups. Following 7
days of internal drainage, body weight in both ID-C and ID-N
groups had increased a lot and were significantly higher than
those before the second operation, respectively (P < 0.05). Body
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weight showed no difference between the ID-C and ID-N groups
after 7 days drainage. In the ID-L group, body weight on day 35
was significantly higher than before the second laparotomy (P <
0.001). The changes of body weight reflected that the in situ
choledochocholedochostomy internal drainage was successfully
established in the rats of the ID-N and ID-L groups.

Liver function parameters were still abnormal after 7 days
drainage but completely recovered after 28 days drainage. Due
to the 2 rats with tube blockage, the average values of ALT,
ALP, and TB were higher in the ID-C group than other groups,
while ALB level of the ID-C group was lower than other groups
(Table 1). Statistical analysis showed that ALP and TB levels
were significantly higher in the ID-C group than the SH and
ID-L groups, respectively (P < 0.05). ALB level was significantly
lower in the ID-C group than in the ID-L group (P < 0.05). Tube
blockage led to re-obstruction of the CBD and then impaired
liver function in the ID-C group. There were no significant
differences between the ID-C and ID-N groups in those
parameters except the TB level. Compared with the ID-C group,
TB level was significant lower in the ID-N group (P < 0.05),
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Fig. 3. Body weight changes in the 4 groups. ID-C, control
internal drainage group; ID-L, long-term internal drainage
group; ID-N, new internal drainage group; SH, sham-
operated group. *P < 0.05, 14 days vs. 7 days in ID-C and
ID-N, respectively. **P < 0.01, SH vs. ID-C, ID-N, and ID-L,
respectively. ***P < 0.001. 35 days vs. 7 days in ID-L.

Table 1. Liver function tests of the 4 groups

indicating the drainage procedure of the ID-N group was more
efficient and reliable than that of the ID-C group.

Histopathological changes of the liver were focused on the
portal and periportal areas. The liver displayed normal hepatic
lobules and portal areas in SH and ID-L groups (Fig. 4A, B). No
difference was observed between the 2 groups. Microscopic
inspection showed integral hepatic lobules and mild bile duct
proliferation, and periportal inflammation in both ID-C and
ID-N groups after 7 days drainage (Fig. 4C, D). However, the bile
duct proliferation and periportal inflammation appeared lighter
in the ID-N group than the ID-C group, indicating better effects
of internal drainage by the new method.

DISCUSSION

The present study provided a new rat model for inducing
and releasing OJ. This kind of choledochocholedochostomy
performed with a fine tube within the bile duct was close to
the physiological structure of CBD, which was similar to the
reconstruction of bile ducts in rat liver transplantation [10].
Liver function tests and histopathological findings confirmed
the efficiency of this model. ALT, TB, and ALP were significantly
increased after the first operation and returned to normal
after the second operation. Histopathological findings were
also in accordance with other reported studies. Compared with
choledochoduodenostomy, this method is technically easier
with shorter operation time and rare morbidity and mortality
rates. The well preserved duodenal side of the transected
CBD, which was found in our experiment, contributed to the
establishment of this new OJ and reversal method. By the usage
of an operating microscope and an 8-0 suture, precise operation
was achieved to minimize tissue adhesion, which might cause
difficulties in performing a second or third laparotomy if
necessary.

In current experimental studies, various kinds of rat mo-
dels have been developed for inducing and releasing OJ. For
example, choledochoduodenostomy described by Ryan et al.
[11] have been used as the classic method but with a high
mortality from drainage. Hirazawa et al. [12] designed a kind
of tube-tube choledochocholedochostomy in which 2 tubes

Group ALT (IU/L) ALP (1U/L) TB (mg/dL) ALB (g/L)
SH 66.9 + 13.52 339.8 + 35.65 0.3+0.13 39.9 + 3.02
ID-C 87.2 £ 19.31 395.4 + 50.83" 13.5 + 13.61*" 36.5 +2.729
ID-N 71.1 £15.63 351.1 £31.72 3.7 £1.02 37.8 +2.81
ID-L 65.1 = 11.64 336.9 +22.38 0.3 +0.21 40.7 +2.73

Values are presented as mean + standard deviation.

SH, sham-operated group; ID-C, control internal drainage group; ID-N, new internal drainage group; ID-L, long-term internal drainage

group; TB, total bilirubin; ALB, serum albumin.

YID-C vs. SH and ID-L, P < 0.05. "ID-C vs. ID-N, P < 0.05. “ID-C vs. ID-L, P < 0.05.
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Fig. 4. Morphologic changes of the liver in the 4 groups. (A) Normal liver of the SH group (H&E, x200). (B) Recovered portal
area of the ID-L group (H&E, x200). (C) Moderate periportal inflammation and bile duct proliferation of the ID-C group (H&E,
x100). (D) Mild periportal inflammation and bile duct proliferation of the ID-N group (H&E, x100). ID-C, control internal
drainage group; ID-L, longterm internal drainage group; ID-N, new internal drainage group.

were inserted into the hepatic side and pancreatic side of the
CBD, respectively, and the free ends were pulled out of the
abdominal wall to induce OJ. However, cannulation failure and
tube dislodgement still led to high mortality and morbidity
rates in the early stage of experiments [8,12,13]. Some studies
made use of Roux-en-Y choledochojejunostomy for drainage,
which is a complex method and requires skilled operators [14,15].
Kahramansoy et al. [16] ligated the CBD with rapidly absorbable
suture materials, and spontaneous biliary drainage was
presented when these materials were degraded. This method
faces a contradictory problem in that tight ligation may cause
injury to the CBD in the second operation while loose ligation
may fail to induce OJ.

Although there are various different rat models to choose
from, researchers do not seem to accept most of them. In
newly published articles, choledochoduodenostomy was still
the prior internal drainage technique for many researchers

[1,17-21]. However, choledochoduodenostomy was not
suitable in some studies because of high mortality and
morbidity rates and poor stability [4,50,16,22-24]. There are
several common complications, such as bile leakage, biloma
and tube dislodgement and blockage. When performing
choledochoduodenostomy with a tube, blockage occurred in
most studies due to a direct connection between CBD and
duodenum. The incidence of tube blockage was as high as
50%, and Suzuki had to change from a solid diet to an oral
liquid diet to prevent tube obstruction [4,25]. In the present
study, one rat was precluded and 2 rats experienced tube
blockage, which influenced the liver function tests of the ID-C
group. In contrast, there were no complications or death in
the ID-N and ID-L groups. For stable long-term study, reliable
choledochocholedochostomy would be an ideal method.

Our new method effectively decreased most tube-related
complications that occurred in other reported methods. There
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were no dislodgement, blockage, or mortality after surgery
in our experiments with this new method. Compared with
choledochoduodenostomy, this new method also minimized
tissue adhesion after the second laparotomy. The possible
disadvantage of this model exists in the second laparotomy:
when the pancreatic side of the CBD was not directly found,
it can be exposed along the black suture knot which was used
for bile duct ligation in the first operation. Once the second
operation is performed successfully, the rats can survive with
low mortality and morbidity, and is especially suitable for long-
term study of O] and its reversal.

In conclusion, this study provided a simple and reliable rat
model for the study of O] and its reversal. Technically easy with
minimal adhesion and low mortality and morbidity rates were

outstanding features of this new method. It is suitable for long-
term or consecutive studies which require a reliable rat model
of reversible OJ.
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