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Abstract. Since biliary tract external drainage (BTED) is
increasingly used to treat patients with shock, it is necessary to
clarify pathophysiological changes following BTED in hemor‑
rhagic shock (HS). The present study aimed to investigate the
effect of BTED on farnesoid X receptor (FXR) and Takeda
G‑protein coupled receptor 5 (TGR‑5) expression in HS. A
total of 24 Sprague‑Dawley rats were randomly allocated to
sham, BTED, HS and HS + BTED groups. Rat models of HS
were induced by drawing blood from the femoral artery until
a mean arterial pressure of 40±5 mmHg was achieved and
maintained for 60 min. Rat models of BTED were induced
by inserting a catheter into the bile duct. The distal end of
the bile duct was ligated, and the catheter was passed through
the rat flank to allow external collection of bile. Reverse
transcription‑quantitative PCR, western blotting and immuno‑
histochemistry were performed to detect changes in expression
levels of FXR and TGR‑5 in the jejunum, ileum and liver.
Expression levels of FXR and TGR‑5 increased significantly in
jejunum and liver following HS (P<0.05). BTED significantly
decreased expression levels of FXR in the liver (P<0.05) and
TGR‑5 in the jejunum, ileum and liver (P<0.05). In conclu‑
sion, expression levels of FXR and TGR‑5 increased in HS but
BTED decreased expression levels of FXR and TGR‑5 in HS.
Introduction
Bile acids serve an important role in the pathophysiology of
shock (1). Septic shock can be prevented by bile acids (2). Bile
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acids are an important defense mechanism against endotoxins
in microorganisms (2). Septic shock induces progressive
sclerosing cholangitis (3). Bile acids induce platelet inhibi‑
tion and fibrinolysis in hemorrhagic shock (HS) (1). High‑fat
enteral nutrition decreases endotoxins, TNF‑α and intestinal
permeability in bile duct‑ligated rats subjected to HS (4). As
the technology becomes more minimally invasive, biliary tract
external drainage (BTED) is widely applied in critically ill
patients, such as severe acute pancreatitis, malignant biliary
obstruction (5‑7), acute cholangitis (8‑11). In our previous
studies, BTED decreased multiorgan dysfunction in HS by
affecting enterohepatic circulation of bile pigments (12‑15).
Cholic acid is one of the primary components of bile. Like
cholochromes, bile acids circulate in the intestine and liver.
Bile external drainage directly decreases levels of cholic acid
in the intestinal tract and in the liver by disrupting enterohe‑
patic circulation (16). Farnesoid X receptor (FXR) and Takeda
G‑protein coupled receptor 5 (TGR‑5) are the two most
common cholic acid receptors (17,18). FXR and TGR‑5 serve
an important role in the enterohepatic circulation of cholic
acid. FXR, a member of the ligand‑activated nuclear receptor
superfamily, is highly expressed in the liver and gastrointestinal
tract (19‑21). Bile acids are natural ligands for FXR (22,23).
Medications that activate FXR promote liver regeneration
in mice following partial hepatectomy (24‑26). TGR‑5, also
known as G protein‑coupled bile acid receptor 1, is expressed
in the liver, lungs, intestine, placenta, gallbladder, ovaries,
macrophages, monocytes and brown adipose tissue (27,28).
TGR‑5 is activated by bile acids, including cholic, chenodeoxy‑
cholic, deoxycholic and lithocholic acid (29). TGR‑5 protects
the liver from bile acid overload during liver regeneration in
mice (30,31).
To the best of our knowledge, studies on changes in bile acid
receptor expression levels following BTED in shock are limited.
Since BTED is increasingly used to treat severe acute pancreatitis
and acute cholangitis and shock is common in these patients (32),
it is necessary to clarify pathophysiological changes following
BTED in shock. Identifying the effect of BTED on expression
levels of FXR and TGR‑5 in liver and intestinal during HS may
provide theoretical support for the application of BTED, as well
as novel options, for the treatment of HS. The present study aimed
to investigate changes in FXR and TGR‑5 expression levels
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following HS by performing reverse transcription‑quantitative
(RT‑q)PCR, western blotting and immunohistochemistry. The
effect of BTED on FXR and TGR‑5 was also studied.
Materials and methods
Ethics statement. The present study was approved by the
Institutional Animal Care and Use Committee at Peking Union
Medical College (Beijing, China). Animal surgical procedures
were performed in strict accordance with the guidelines for
the care and use of laboratory animals established by the
Animal Use and Care Committee of the Beijing Committee
on Animal Care.
The animal protocol was designed to minimize pain or
discomfort to rats. The rats were acclimatized to laboratory
conditions (25˚C, 12/12‑h light/dark cycle, 50% humidity,
ad libitum access to food and water) for 1 week prior to
experimentation. All rats were intraperitoneally anesthetized
with 3% sodium pentobarbital (50 mg/kg) prior to surgery and
decapitation.
Animal model. A total of 24 adult male Sprague‑Dawley
rats (age, 10 weeks; weight, 250‑300 g) were purchased from
the Fangyuan Yuan Animal Centre of Beijing. The Chinese
People's Liberation Army Military Academy of Medical
Sciences was responsible for quality control of rats.
Rats were randomly divided into 4 groups (n=6/group)
as follows: Sham, BTED, HS and HS + BTED. Rats in the
HS + BTED group were intraperitoneally anesthetized
with 3% sodium pentobarbital (50 mg/kg). Laparotomy was
performed following shaving and sterilization. Catheters were
placed in both femoral arteries for blood pressure measure‑
ment and blood withdrawal. Bile duct was exposed 1cm for
BTED. Rats were subjected to HS by withdrawing blood at
a rate of 1 ml/min until mean arterial pressure (MAP) of
40±5 mmHg was achieved. A catheter was inserted into the
bile duct. The distal end of the bile duct was ligated and the
catheter was passed through the rat flank to avoid bile passage
into the gut and allow the external collection of bile. The
abdomen was closed. MAP of 40±5 mmHg was maintained
for 1 h. Rats were resuscitated using shed blood and an equal
volume of normal saline at the end of the shock period. HS
rats underwent pentobarbital anesthesia, laparotomy, vascular
cannulation, blood withdrawal and suturing but no BTED.
BTED rats underwent pentobarbital anesthesia, laparotomy,
vascular cannulation, bile duct cannulation and suturing but
no blood withdrawal. Sham rats underwent pentobarbital
anesthesia, laparotomy, vascular cannulation and suturing, but
no blood withdrawal or BTED. A total of 6 rats in each group
was euthanized by rapid decapitation 6 h after resuscitation.
Segments of jejunum (5 cm distal to the ligament of Treitz),
ileum (2 cm proximal to the cecum) and liver were harvested.
RT‑qPCR. Jejunum, ileum and liver scrapings from all animals
were snap frozen and stored at ‑80˚C for RT‑qPCR. Total RNA
was extracted from the jejunum, ileum and liver using TRIzol®
reagent. Aliquots (2 µg) of total RNA were used to synthesize
complementary (c)DNA. Purity and content of RNA was deter‑
mined using ultraviolet spectrophotometry. RT was performed
with 0.5 µg RNA to obtain cDNA in a mixture containing

random primers, RevertAid Reverse Transcriptase, RNase
inhibitor, and dNTPs. The PCR reaction mixture was prepared
using SYBR Premix Ex Taq (Thermo Fisher Scientific, Inc.)
with specific upstream and downstream primers. The ther‑
mocycling conditions were as follows: Initial denaturation for
10 sec at 95˚C followed by 40 cycles of 95˚C for 5 sec and
60˚C for 20 sec in a real‑time PCR system (7500; Applied
Biosystems; Thermo Fisher Scientific, Inc.). Relative target
gene expression was quantitated according to the comparative
2‑ΔΔCq method (33) and normalized to the endogenous control
gene, β‑actin. The primers used are listed in Table I.
Western blotting. Scrapings of the jejunum, ileum and liver
from all animals were snap frozen and stored at ‑80˚C for
western blotting. RIPA lysis buffer and 5X loading buffer
were prepared. Briefly, samples were homogenized in RIPA
lysis buffer supplemented with a protease inhibitor cocktail.
Tissues were frozen immediately in liquid nitrogen and placed
in a mortar for pulverization. Total protein was extracted
by centrifuging the tubes at 4˚C for 30 min at 10,000 x g to
remove debris. Protein concentration was measured using
a BCA Protein Assay kit according to the manufacturer's
instructions. A total of 10 mg protein/lane was loaded onto
10% sodium dodecyl sulfate/polyacrylamide electrophoresis
gel for separation, and the proteins were transferred for 2 h
to PVDF membranes. Then membranes were blocked in 5%
skimmed milk powder at room temperature for 2 h. The blot
was probed with primary antibody overnight at 4˚C. Primary
antibodies were rabbit polyclonal anti‑FXR (cat. no. ab28676)
and anti‑TGR‑5 (both 1:500; cat. no. ab72608; both Abcam) and
mouse monoclonal anti‑β ‑actin (Santa Cruz Biotechnology,
Inc.; cat. no. sc517582) (1:1,000). The blots were incubated
with horseradish peroxidase‑conjugated goat anti‑Rabbit (cat.
no. BS13278) or anti‑mouse (cat. no. BS12471) IgG (both
1:2,000; both Bioworld Technology, Inc.) for 2 h at room
temperature and reacted with enhanced chemiluminescence
substrate. The chemiluminescence was recorded using an
imaging system (Imagequant LAS 400; GE Healthcare). The
enhanced chemiluminescence signals were digitized using
Photoshop CS6 software (Adobe Systems, Inc.) to quantify the
expression levels of FXR, TGR‑5 and β‑actin. Relative FXR
and TGR‑5 protein expression was normalized to β‑actin.
Immunohistochemistry. Samples were fixed in 4% paraformal‑
dehyde for 24 h at room temperature. The tissue was embedded
in paraffin and sections (4 µm) were used for immunohisto‑
chemical staining. Sections were deparaffinized, rehydrated and
incubated with 3% hydrogen peroxide to quench any endogenous
peroxidase activity. Sections were placed in 3% citrate buffer
to repair antigens. The buffer was heated to 92‑98˚C using a
microwave for 10 min. Sections were cooled to room tempera‑
ture. The tissue samples were blocked with 5% bovine serum
(Wuhan Boster Biological Technology. Ltd.) for 20 min at room
temperature. Sections were incubated overnight at 4˚C with
optimally diluted primary antibody. Negative control sections
were incubated overnight at 4˚C with saline solution. Primary
antibodies were rabbit polyclonal anti‑FXR (cat. no. ab28676)
and anti‑TGR‑5 (cat. no. ab72608; both 1:100; both Abcam).
Sections were washed with PBS and incubated with goat
anti‑Rabbit IgG (Bioworld Technology, Inc.; cat. no. BS13278;
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Table I. Primers for reverse transcription‑quantitative PCR analysis.
Gene
FXR
TGR5
β‑actin

Forward primer, 5'→3'

Reverse primer, 5'→3'

GTGACAAAGAAGCCGCGAAT
CCACCACTAGGGCCTGTAAC
GCGCTCGTCGTCGACAACGG

GCAGGTGAGCGCGTTGTAAT
TCCTCGAAGCACTTGTAGCC
GTGTGGTGCCAAATCTTCTCC

FXR, farnesoid X receptor; TGR5, Takeda G‑protein coupled receptor 5.

1:200) at room temperature for 30 min, rewashed and incubated
with peroxidase‑conjugated streptavidin at room temperature for
15 min. Peroxidation activity was visualized via incubation with
a peroxidase substrate solution (DAB kit; Invitrogen; Thermo
Fisher Scientific, Inc.) at room temperature for 3 min according
to the manufacturer's instructions. Sections were counterstained
with hematoxylin at room temperature for 5 min. Image‑Pro Plus
software 4.0 (Media Cybernetics, Inc.) was used to determine
the integrated optical density of images. A total of six randomly
selected fields of view/section were observed under a light
microscope at x100 magnification (six sections/group).
Reagents. RIPA lysis buffer, BCA Protein Assay kit and 5X
loading buffer were purchased from Beyotime Institute of
Biotechnology. Rabbit polyclonal anti‑FXR (cat. no. ab28676)
and anti‑TGR‑5 (cat. no. ab72608) were purchased from Abcam.
The mouse monoclonal antibody to β‑actin (cat. no. sc517582)
was purchased from Santa Cruz Biotechnology, Inc. The goat
anti‑Rabbit IgG (cat. no. BS13278) and goat anti‑Mouse IgG
(cat. no. BS12471) were purchased from Bioworld Technology,
Inc. eECL Western Blot kit (cat. no. CW0049A) was purchased
from CoWin Biosciences. RevertAidFirst Strand cDNA
Synthesis kit was purchased from Thermo Fisher Scientific,
Inc. SYBR Premix Ex Taq was purchased from Thermo
Fisher Scientific, Inc. The primers were synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.). The fluorescence
RT‑qPCR kit was purchased from Takara Biotechnology,
Co., Ltd. TRIzol® and the immunohistochemistry kit were
purchased from Invitrogen (Thermo Fisher Scientific, Inc.).
The 5% bovine serum was purchased from Wuhan Boster
Biological Technology. Ltd.
Statistical analysis. Data were analyzed using SPSS 16.0 soft‑
ware (SPSS, Inc.). All data are expressed as the mean ± SEM
(n=6). Results were compared by one‑way analysis of variance
followed by post hoc Tukey's test. P<0.05 was considered to
indicate a statistically significant difference.
Results
RT‑qPCR. The expression levels of FXR mRNA increased
significantly in the jejunum and liver and decreased significantly
in the ileum following HS (P<0.05; Fig. 1). The expression
levels of FXR increased significantly in the jejunum and
ileum and decreased significantly in the liver following BTED
(P<0.05; Fig. 1). In HS rats, BTED significantly increased the
expression levels of FXR mRNA in the jejunum and ileum
but decreased these levels in the liver (P<0.05; Fig. 1). The

expression levels of TGR‑5 mRNA increased significantly in
the jejunum, ileum and liver following HS (P<0.05; Fig. 1).
The expression levels of TGR‑5 decreased significantly in the
jejunum, ileum and liver following BTED (P<0.05; Fig. 1). In
HS rats, BTED significantly decreased the expression levels of
TGR‑5 mRNA in the jejunum, ileum and liver (P<0.05; Fig. 1).
Western blotting. The protein expression levels of FXR
increased significantly in the jejunum and liver following
HS (P<0.05; Fig. 2). The protein expression levels of FXR
increased significantly in the jejunum and ileum and decreased
significantly in the liver following BTED (P<0.05; Fig. 2). In
HS rats, BTED significantly increased protein expression
levels of FXR in the jejunum and ileum and decreased these
levels in the liver (P<0.05; Fig. 2). The expression levels of
TGR‑5 increased significantly in the jejunum, ileum and
liver following HS (P<0.05; Fig. 2). The expression levels of
TGR‑5 decreased significantly in the jejunum, ileum and liver
following BTED (P<0.05; Fig. 2). In HS rats, BTED signifi‑
cantly decreased protein expression levels of TGR‑5 in the
jejunum, ileum and liver (P<0.05; Fig. 2).
Immunohistochemistry. The protein expression levels of FXR
increased significantly in the liver and decreased significantly
in the ileum following HS (P<0.05; Fig. 3). The protein expres‑
sion levels of FXR increased significantly in the jejunum and
ileum and decreased significantly in the liver following BTED
(P<0.05; Fig. 3). In HS rats, BTED significantly increased
protein expression levels of FXR in the jejunum and ileum and
decreased these levels in the liver (P<0.05; Fig. 3).
The protein expression levels of TGR‑5 increased signifi‑
cantly in the jejunum and liver following HS (P<0.05; Fig. 4).
The protein expression levels of TGR‑5 decreased significantly
in the jejunum, ileum and liver following BTED (P<0.05; Fig. 4).
In HS rats, BTED significantly decreased protein expression
levels of TGR‑5 in the jejunum, ileum and liver (P<0.05; Fig. 4).
Discussion
Following fluid resuscitation in shock, cells are liberated from
ischemia and hypoxia and the body begins tissue repair (34).
The present study showed that mRNA and protein expression
levels of FXR increased significantly in the jejunum and liver
and those of TGR‑5 increased significantly in the jejunum,
ileum and liver following HS. This may be due to elimination
of ischemia following fluid resuscitation in HS. Cell repair and
regeneration increase expression levels of FXR and TGR‑5.
In the enterohepatic circulation, bile acid is reabsorbed in
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Figure 1. Expression levels of FXR and TGR‑5 mRNA in the jejunum, ileum and liver. Results are presented as the mean ± SEM (n=6). *P<0.05 vs. Sham;
†
P<0.05 vs. BTED; ‡P<0.05 vs. HS. HS, hemorrhagic shock; BTED, biliary tract external drainage; FXR, farnesoid X receptor; TGR‑5, Takeda G‑protein
coupled receptor 5.

Figure 2. Protein expression levels of FXR and TGR‑5 in the jejunum, ileum and liver. Results are presented as the mean ± SEM (n=6). *P<0.05 vs. Sham;
P<0.05 vs. BTED; ‡P<0.05 vs. HS. HS, hemorrhagic shock; BTED, biliary tract external drainage; FXR, farnesoid X receptor; TGR‑5, Takeda G‑protein
coupled receptor 5.

†

the ileum. Increased reabsorption of bile acid during HS may
inhibit expression of FXR (35), which may partly explain why
FXR was not upregulated in the ileum following HS in the
present study.

BTED is increasingly used to treat patients with shock (36).
The present study aimed to identify pathophysiological
changes following BTED in HS. In addition to its therapeutic
potential, BTED also exerts certain negative effects. Sinusoids
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Figure 3. Immunohistochemical expression of FXR in the jejunum, ileum and liver. Immunohistochemical analysis of FXR expression in (A) jejunum,
(B) ileum and (C) liver tissue. (i) Sham. (ii) BTED (iii) HS. (iv) HS+BTED. (v) Negative control. (vi) Integrated optical density. Magnification, x100. Results
are presented as the mean ± SEM (n=6). *P<0.05 vs. Sham; †P<0.05 vs. BTED; ‡P<0.05 vs. HS. HS, hemorrhagic shock; BTED, biliary tract external drainage;
FXR, farnesoid X receptor.

remain narrowed due to swelling of activated Kupffer cells,
which causes deterioration of hepatic microcirculation during

the early phase of BTED in jaundiced mice (37). Initial liver
regeneration following major hepatectomy is decreased
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Figure 4. Immunohistochemical expression of TGR‑5 in the jejunum, ileum and liver. Immunohistochemical analysis of TGR‑5 expression in (A) jejunum,
(B) ileum and (C) liver tissue. (i) Sham. (ii) BTED (iii) HS. (iv) HS+BTED. (v) Negative control. (vi) Integrated optical density. Magnification, x100. Results
are presented as the mean ± SEM (n=6). *P<0.05 vs. Sham; †P<0.05 vs. BTED; ‡P<0.05 vs. HS. HS, hemorrhagic shock; BTED, biliary tract external drainage;
TGR‑5, Takeda G‑protein coupled receptor 5.

following biliary drainage and is associated with decreased
serum bile acid levels (38). BTED as a treatment for obstructive

jaundice markedly suppresses liver regeneration following
partial hepatectomy (39). However, internal biliary drainage
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does not suppress regeneration of rat liver following partial
hepatectomy (16). In our unpublished studies, liver damage was
aggravated following BTED in a rat model of HS. Preoperative
bile replacement using large volumes of bile improves blood
coagulation and cellular immunity in patients with jaundice
treated with BTED (40). FXR and TGR‑5 serve a key role in
pathophysiological changes of the liver (41). Bile acid promotes
liver regeneration via FXR signaling in rats (42). Sirtuin1
controls liver regeneration by regulating bile acid metabolism
via FXR (43). TGR‑5 regulates bile acid hydrophobicity and
stimulates bile acid excretion in urine during liver regenera‑
tion (44). BTED may affect liver function by decreasing cholic
acid levels (39). To the best of our knowledge, however, the
number of studies on changes in bile acid receptors following
BTED in shock is limited. Therefore, the present study aimed
to assess changes in FXR and TGR‑5 expression in the jejunum,
ileum and liver following BTED in HS rats. BTED significantly
decreased the expression levels of FXR and TGR‑5 in the liver
in HS rats. This may be because BTED disrupts cholic acid
enterohepatic circulation, thereby decreasing levels of cholic
acid in the body (45). Due to lack of stimulation, levels of FXR
and TGR‑5 decrease, resulting in inhibition of tissue repair and
liver cell regeneration The aforementioned results suggested
that bile acid supplementation may be beneficial for patients
receiving BTED during HS. In HS rats, BTED significantly
increased expression levels of FXR but decreased those of
TGR‑5 in the jejunum and ileum. This may explain why BTED
does not cause injury to the jejunum and ileum.
The present study is only a preliminary observation and the
clinical significance of the effect of BTED on FXR and TGR‑5
in HS is unclear. For example, FXR and TGR‑5 promote organ
regeneration (46,47). However, the effect of BTED on expres‑
sion levels of proliferation markers is unclear. The association
between BTED and organ regeneration should be investigated
in future experiments.
In summary, the expression levels of FXR and TGR‑5
changed following BTED in HS. BTED significantly
increased expression levels of FXR in the jejunum and ileum
but decreased FXR expression in the liver in HS rats. BTED
significantly decreased expression levels of TGR‑5 in the
jejunum, ileum and liver in HS rats.
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