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Carvedilol alleviates the biliary cirrhosis
through inhibiting the endoplasmic

reticulum stress
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Abstract. - OBJECTIVE: To investigate the ef-
fects of carvedilol on inflammation, apoptosis,
and hepatic fibrosis caused by biliary cirrhosis
and its mechanisms in mice.

MATERIALS AND METHODS: 60 male C57/BL6
mice were randomly divided into sham-opera-
tion group (Sham group, n=20), biliary cirrhosis
group (BDL group, n=20) and carvedilol group
(CAR group, n=20). The CAR group was treated
with gavage using 12.5 mg/kg carvedilol, once
a day for 14 consecutive days, while the Sham
group and BDL group were treated with gavage
using the equivalent normal saline. After that,
the mice in Sham group received the laparotomy
under chloral hydrate anesthesia, followed by di-
rect abdominal closure. The mice in BDL group
and CAR group received the common bile duct li-
gation after anesthesia for modeling. After mod-
eling, the survival rate of mice in each group was
detected, and the blood and liver tissues were
taken for detection. The morphological chang-
es in liver tissues and apoptosis in mice in each
group were detected and compared. The lev-
els of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL),
superoxide dismutase (SOD), malondialdehyde
(MDA), hydroxyproline, and a-smooth muscle
actin (a-SMA) were also detected. The mRNA ex-
pression levels of pro-inflammatory factors, in-
ducible nitric oxide synthase (iNOS) and cycloo-
xygenase-2 (COX-2), transforming growth factor
B-1 (TGF-p1), a-SMA and collagen-1 were detect-
ed via reverse transcription-polymerase chain
reaction (RT-PCR). The protein expression lev-
els of CHOP (CCAAT-enhancer-binding protein
homologous protein), activating transcription
factor 4 (ATF4), ATF®6, inositol-requiring enzyme
1 (IRE1), phosphorylated Jun N-terminal kinase
(pJNK), a-SMA, and collagen-1, were detected
via Western-blotting.

RESULTS: Our study showed that carvedilol
could significantly alleviate the biliary cirrhosis
in mice, and improve the survival rate of mice.
The ALT, AST and TBIL levels, severity of cir-
rhosis, and number of apoptotic cells in CAR
group were significantly lower than those in BDL
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group. The levels of a-SMA and hydroxypro-
line in CAR group were also significantly low-
er than those in BDL group. The activity of SOD
in CAR group was significantly higher than that
in BDL group; the above differences were sta-
tistically significant (p<0.05). In addition, it was
also found that carvedilol could down-regulate
the mRNA expression levels of iINOS, COX-2 and
TGF-B1, down-regulate the mRNA and protein
expression levels of a-SMA and collagen-1, and
negatively regulate the ATF4-CHOP, ATF6-CHOP
and IRE1-pJNK signaling pathways.

CONCLUSIONS: Carvedilol has a significant
effect on alleviating the biliary cirrhosis in mice,
and its relevant mechanism may be that carve-
dilol inhibits the endoplasmic reticulum stress
through the negative regulation of ATF4-CHOP,
ATF6-CHOP and IRE1-pJNK signaling pathways,
which needs to be confirmed by further in vitro
experiments.
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Introduction

Liver cirrhosis is pathologically characterized
by the formation of pseudo-lobe, which brings
great pain to patients and easily induces liver
cancer. The main causes of liver cirrhosis are the
drinking, hepatitis B virus, portal hypertension
and bile duct obstruction. In addition, chronic
cholestasis caused by gene defects, poisoning and
mechanical obstruction can ultimately lead to the
occurrence of biliary cirrhosis'. Biliary cirrhosis
is characterized by the impairment of bile produc-
tion and bile excretion in hepatic duct?. It has been
reported® that with the aggravation of cholestasis,
the cell oxidative stress response and mitochon-
drial dysfunction can be induced, ultimately lead-
ing to the degeneration and apoptosis of liver cells
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and bile duct cells*. A series of inducible factors
produced by the apoptosis of liver cells can acti-
vate hepatic stellate cells, which is a key link in
promoting the occurrence of hepatic fibrosis™®.
Studies’® have proved that cholestasis can lead to
endoplasmic reticulum stress (ERS), which has
a protective effect on cells under normal condi-
tions. Activating transcription factor 4 (ATF4),
ATF6 and inositol-requiring enzyme 1 (IRE1) are
three classical signaling pathways that have been
proved to be associated with ERS regulation’.
Excessive ERS can induce the CHOP-mediated
apoptosis response, oxidative stress response and
inflammatory response'’. Besides, transforming
growth factor B-1 (TGF-B1) is an inducible factor
that has been proved to induce the activation of
hepatic stellate cells. Researches have confirmed
that tauro ursodesoxy cholic acid (TUDCA) can
effectively inhibit the unfolded protein response
caused by cholestasis, and alleviate the severity
of liver cirrhosis and apoptosis’. Hamdy et al'"' re-
ported that carvedilol can alleviate the CCl,-in-
duced hepatic fibrosis in mice, but its mechanism
was not clear. It was found in clinical observa-
tion that the liver function and ascites of patients
with cholestasis-induced liver cirrhosis can be
improved significantly after carvedilol treatment.
Moreover, It has been proved that carvedilol can
inhibit the activation of hepatic stellate cells, but
its related mechanism remains unclear'?. Carve-
dilol, as the third generation of non-selective 3
receptor inhibitor, has been widely applied in pa-
tients with cirrhotic portal hypertension, because
it can effectively reduce the portal pressure'.
ERS can be induced by oxidative stress, acute
liver injury and poisoning®. Therefore, it is specu-
lated that the occurrence of biliary cirrhosis may
be related to the excessive ERS caused by it. The
primary purpose of this study was to investigate
the effects of carvedilol on inflammation, apopto-
sis, and hepatic fibrosis caused by biliary cirrhosis
and its mechanisms in mice.

Materials and Methods

Animals and Treatments

60 male C57/BL6 mice (purchased from Beijing
Vital River Laboratory Animal Technology Co.,
Ltd., Beijing, China) were randomly divided into
three groups: sham-operation group (Sham group,
n=20), biliary cirrhosis group (BDL group, n=20)
and carvedilol group (CAR group, n=20). The
CAR group was treated with gavage using 12.5

mg/kg carvedilol, once a day for 14 consecutive
days, while the Sham group and BDL group were
treated with gavage using the equivalent normal
saline. After that, the mice in Sham group received
the laparotomy under chloral hydrate anesthesia,
followed by direct abdominal closure; the mice in
BDL group and CAR group received the common
bile duct ligation after anesthesia for modeling.
After modeling, the survival rate of mice in each
group was detected, and the blood and liver tissues
were taken for detection. This investigation was
approved by the Animal Ethics Committee of No.1
People’s Hospital of Jining City.

Detection of Serum Alanine
Aminotransferase (ALT), Aspartate
Aminotransferase (AST) and Total
Bilirubin (TBIL)

The levels of serum transaminase and TBIL
are important indexes of measuring the severi-
ty of liver damage®. ALT, AST and TBIL in the
serum sample collected from each experimental
group above were detected using the fully auto-
matic biochemical analyzer (Philips, Eindhoven,
The Netherlands).

Detection of Levels of a-smooth Muscle
Actin fo-SMA) and Hydroxyproline
in Liver Tissues

The a-SMA content in liver tissues in each
experimental group was detected and compared
via immunohistochemical measured according
to a previous work'®. The same amount of liver
tissues was taken from each experimental group,
and colorimetric method was used to detect the
hydroxyproline content'”.

Detection of Contents of Serum
Superoxide Dismutase (SOD) and
Malondialdehyde (MDA)

SOD and MDA are important products in ox-
idative stress response. The level of SOD and
MDA in each experimental group was measured.
The equivalent serum was taken from each exper-
imental group, and SOD and MDA contents were
detected according to the literature report'®.

Detection of Morphological Changes
in Liver Tissues and Apoptosis

After fixation using 10% formaldehyde solu-
tion, the liver tissues collected from each experi-
mental group were prepared into paraffin sections
according to the method shown in a previous
study”. The pathological changes in liver tissues
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were observed under optical microscope (400x)
(Olympus Optical Co., Ltd, Tokyo, Japan), and
the number of pseudo-lobules in the same visual
field was counted and compared. After TUNEL
staining for paraffin sections, the severity of liver
cell apoptosis in each experimental group was ob-
served under optical microscope (400x%), and the
apoptotic index was calculated?.

Detection of mRNA Expression
Via Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

The liver tissues were cleaved and the RNA kit
(Eurofins MWG Operon, Ebersberg, Germany)
was used to extract the total RNA. The relevant
primer sequences were searched in Pubmed data-
base (Table I). The extracted RNA was reversely
transcribed into cDNA, followed by amplification
via RT-PCR to detect its expression. The mRNA
expression in each experimental group was calcu-
lated using 2-22°T method?..

Detection of the Protein Expression
Level Via Western-blotting

The liver tissues in each experimental group
were cleaved, and the expressions of relevant pro-
teins (a-SMA, collagen-1, ATF4, ATF6, CHOP,
IRE1 and pJNK) were detected via Western-blot-
ting®'. GAPDH was used as the internal reference
in the experiment. Antibodies used in each exper-
iment were purchased from Abcam (Cambridge,
MA, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 17.0 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis of rele-
vant experimental data. All data were presented
as mean * standard deviation. The difference
between the two experimental groups was com-

Table I. Primer sequences used in this study.

Gene Sequence

iNOS F: 5-GGAATCTTGGAGCGAGTTG-3'
R: 5-GTCCAGGAAGTAGGTGAGGG-3'

COX-2 F: 5-GAACCGCATTGCCTCTGA-3'
R: 5-GCCTTTGCCACTGCTTGTA-3’
TGF-B1 F: 5- GCGGACTACTATGCTAAAGAGG-3'
R: 5- GTAGAGTTCCACATGTTGCTCC-3'
a-SMA F: 5“TGACCCAGATTATGTTTGAGACC-3'

R: 5'-CCAGAGTCCAGCACAATACCA-3'
Collagen-1 F: 5-CAAGGTCCTTCTGGATCAAGTG-3'
R: 5-CCTTTATGCCTCTGTCACCTTG-3'

pared via t-test. p<0.05 suggested that the differ-
ence was statistically significant.

Results

Carvedilol Could Reduce the Serum ALT/
AST and TBIL Levels and Improve
the Liver Function of Patients
with Liver Cirrhosis

In clinical work, 8 patients with cirrhosis were
randomly selected. The blood was drawn, the
ALT/AST and TBIL levels were detected, and
the abdominal girth was measured. After the oral
administration of carvedilol (12.5 mg, q.d.) for 14
consecutive days, the blood was drawn from pa-
tients again to detect the ALT/AST and TBIL lev-
els, and the abdominal girth was measured; the
results were compared with those on admission.
It was found that the levels of ALT/AST (Figure
1A) and TBIL (Figure 1B) in patients were de-
creased after carvedilol treatment, and the dif-
ferences were statistically significant (p<0.05).
To study its mechanism, the animal experiments
were performed.

Carvedilol Alleviated the Liver Function
Impairment, Liver Morphological
Changes and Apoptosis in mice Caused
by biliary Cirrhosis, and Improved the
Survival Rate

ALT/AST and TBIL are important indexes of
liver function impairment in cirrhosis®. The re-
sults showed that the levels of ALT/AST (Figure
2A) and TBIL (Figure 2B) in CAR group were
significantly lower than those in BDL group,
and the differences were statistically significant
(p<0.05), indicating that carvedilol can effective-
ly reduce the liver enzyme and bilirubin levels in
mice with biliary cirrhosis. The survival rate of
mice in CAR group was significantly higher than
that in BDL group (Figure 2C), and the difference
was statistically significant (p<0.05), suggesting
that carvedilol can effectively prolong the sur-
vival of mice with biliary cirrhosis. The forma-
tion of pseudo lobule in cirrhosis is a landmark
morphological change in cirrhosis?>. The morpho-
logical changes in liver tissues of mice in each
experimental group were compared. The num-
ber of pseudo lobule in CAR group was signifi-
cantly lower than that in BDL group (Figure 2D),
and the difference was statistically significant
(p<0.05), indicating that carvedilol can alleviate
the severity of hepatic fibrosis in mice with bili-
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Figure 1. Comparisons of ALT/AST (4), TBIL (B), and abdominal girth (C) in the clinical patients (*p<0.05).

ary cirrhosis. The number of apoptotic liver cells
was also compared. The number of apoptotic cells
in CAR group was significantly lower than that in
BDL group (Figure 2E), and the difference was
statistically significant (p<0.05), suggesting that
carvedilol can significantly reduce the cell apop-
tosis in mice with biliary cirrhosis. In summary,
carvedilol can effectively alleviate the damage in
mice with biliary cirrhosis and improve the sur-
vival rate.

Carvedilol Reduced the Contents
of a-SMA and Hydroxyproline
in Liver Tissues

a-SMA is an important marker of activation of
hepatic stellate cells®, and the activated hepatic
stellate cells play important roles in the occurrence
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of cirrhosis**. Hydroxyproline is a marker of col-
lagen production’, and its rise indicates the depo-
sition of collagen in cells, thus lading to liver cell
fibrosis. The contents of a-SMA and hydroxypro-
line in hepatic tissues in each experimental group
were measured, and it was found that a-SMA (Fig-
ure 3) and hydroxyproline in CAR group were sig-
nificantly lower than those in BDL group, and the
differences were statistically significant (p<0.05),
indicating that they can reduce the severity of he-
patic fibrosis in biliary cirrhosis.

Carvedilol Increased the Serum SOD
Level and Decreased the Serum MDA
Content

SOD and MDA are two important indexes of
detecting oxidative stress response®. We found
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Figure 2. Comparisons of ALT/AST (A4), TBIL (B) in the serum and the survival rate (C) in each experimental group
(*p<0.05); Pseudo-lobules (D) were counted in tissues (HE staining, 400%) in each experimental group; the TUNEL staining
(E) was performed and 100 cells per field were counted in three fields in each experimental group (400x); (*p<0.05).
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Figure 3. Comparisons of a-SMA (4) and hydroxyproline (4) content in liver tissues of each experimental group (*p<0.05);
Comparisons of SOD (B) activity and MDA (B) content in serum of each experimental group (*p<0.05).

that the activity of SOD (Figure 3B) in CAR
group was significantly increased, but the MDA
content (Figure 3B) was significantly decreased
compared with those in BDL group; the differ-
ences were statistically significant (p<0.05). The
experimental results showed that carvedilol can
effectively inhibit the oxidative stress.

Carvedilol Inhibited the mRNA
Expressions of iNOS, COX-2 and TGF-f1
It has been found that the levels of pro-inflam-
matory factors in biliary cirrhosis were signifi-
cantly increased, and TGF-B1 could activate the
hepatic stellate cells, thereby aggravating hepatic
fibrosis®®. We found that the expressions of pro-in-
flammatory cytokines, iNOS and COX-2 (Figure
4A), in CAR group were significantly lower than
those in BDL group, and the differences were
statistically significant (p<0.05). Therefore, it is
speculated that carvedilol can alleviate the injury
in mice with biliary cirrhosis through inhibiting

the pro-inflammatory cytokines and reducing
TGF-B1.

Carvedilol Could Down-regulate the mR-
NA and Protein Expressions of o.-SMA
and Collagen-1, and Negatively Regulate
the ATF4-CHOP, ATF6-CHOP and IRE1-
PJINK Signaling Pathways

Our results showed that the mRNA (Figure
4C, p<0.05) and protein (Figure 5) expressions of
0-SMA and collagen-1 in CAR group were sig-
nificantly decreased compared with throe in BDL
group, indicating that carvedilol can down-regu-
late the a-SMA and collagen-1 expressions and
alleviate the severity of hepatic fibrosis. CHOP
is a marker protein produced by ERS, which can
be regulated via ATF4 and ATF6 signaling path-
ways; another important signaling pathway of
ERS, IREI-pJNK, is associated with inflamma-
tion and apoptosis®. In our study, the expression
of ERS marker protein, CHOP, in CAR group was



P. Gao, B. Yang, H.-Y. Yu, R.-R. Meng, J.-Y. Si

g

Hl Sham
R BDL
(B3 CAR

g

mRNA fold increase
g

mRNA fold increase
o N & @ o

o

iNOS

COX-2

TGF-B1

@
S

=3 Sham
W BDL
Il CAR

Sham
@l BDL
Hl CAR

mRNA fold increase
- n w £
S & 3

=)

o

a-SMA

collagen-l
c

Figure 4. Comparisons of mRNA expression levels of iNOS and COX-2, TGF-B1, a-SMA, and collagen-lin liver tissues of

each experimental group (*p<0.05).

significantly lower than that in BDL group, indi-
cating that carvedilol can inhibit ERS response.
The expressions of ATF4, ATF6, IRE1 and pJNK
in CAR group were decreased, suggesting that
carvedilol may inhibit ERS through the negative
regulation of ATF4-CHOP, ATF6-CHOP and
IRE1-pJNK signaling pathways, thus alleviating
biliary cirrhosis (Figure 5).

Discussion

In clinical work, it was found that carvedilol
could decrease the levels of ALT/AST and TBIL
in serum of patients with biliary cirrhosis and re-
duce the severity of ascites; the differences before
and after medication were statistically significant.
This experiment was performed to further study
its relevant mechanism. We found that carvedilol
could reduce the levels of serum aminotransferase
and TBILI, and improve the survival rate, indicat-
ing that carvedilol can alleviate the injury caused
by biliary cirrhosis. The pathological result and
TUNEL staining result of liver tissues showed
that the number of pseudo lobules and apoptotic
cells in CAR group were lower than those in BDL
group, indicating that carvedilol can alleviate the
severity of hepatic fibrosis in biliary cirrhosis, and
reduce the apoptosis of hepatic cells and bile duct
cells. In summary, carvedilol has a definite effect
on alleviating the biliary cirrhosis. Then, the re-
search on mechanism of action was conducted. It
is generally believed that** the activation of hepatic
stellate cells plays an important role in the course
of liver cirrhosis. It is reported that carvedilol can
significantly improve the heart and kidney fibrosis
of experimental animals®’, and its mechanism may
be related to its inhibition of hepatic stellate cell
activation, antioxidant effect?®, and proliferation
of vascular smooth muscle cells?, but the further
mechanism is still not clear. a-SMA is an important
marker of the activation of hepatic stellate cells®.
In this experiment, the content of a-SMA in CAR

group was decreased compared with that in BDL
group, suggesting that carvedilol can inhibit the
activation of hepatic stellate cells. The content of
hydroxyproline is a marker of collagen production
in cells’, and it was also decreased in CAR group
compared with that in BDL group, indicating that
carvedilol can reduce the collagen deposition in
cells. Further molecular research showed that
carvedilol could down-regulate the mRNA and
protein expressions of a-SMA and collagen-1. The
above studies proved that carvedilol can inhibit the
activation of hepatic stellate cells in biliary cirrho-
sis, reduce the accumulation of collagen, and alle-
viate the severity of hepatic fibrosis. Its regulatory
mechanism was further studied. Researches have
proved that the toxic deoxycholic acid and glyco-
chenodeoxycholic acid induce ERS and unfolded
protein response®-°. In this investigation, CHOP in
BDL group was significantly increased compared
with that in Sham group, indicating that the ERS re-
sponse is activated. CHOP is the effector molecule
of downstream regulation of ERS, which can me-
diate the liver apoptosis®'. The severity of liver cir-
rhosis in CHOP gene-deleted mice is significantly
alleviated®. It has been reported that TUDCA can
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Figure 5. Comparisons of protein expression levels of
a-SMA, collagen-1, ATF4, CHOP, ATF6, IRE1 and PJNK.
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reduce the severity of hepatic fibrosis and apopto-
sis in biliary cirrhosis by inhibiting UPR, whereas
TUDCA has been proved to be the ERS inhibitory
drug®. It has also been reported* that the expres-
sion of CHOP is increased during the development
of biliary cirrhosis, so we believe that its effect
on relieving cirrhosis is associated with the inhi-
bition of ERS. It was found that the expression of
CHOP in CAR group was significantly lower than
that in BDL group. Besides, ATF4 and ATF6 are
two signaling pathways that have been confirmed
to regulate CHOPS; the expressions of ATF4 and
ATF6 in CAR group were significantly decreased
compared with those in BDL Group. Therefore,
it is speculated that carvedilol can down-regulate
the expression of CHOP by negatively regulating
the ATF4-CHOP and ATF6-CHOP signaling path-
ways. Moreover, IRE1-pJNK signaling pathway is
another signaling pathway associated with inflam-
mation that regulates ERS response. Compared
with those in BDL group, the mRNA expressions
of iNOS and COX-2 in CAR group were decreased,
suggesting that carvedilol can alleviate the inflam-
matory response in mice with biliary cirrhosis.
In this study, the protein expressions of IREI and
pINK were decreased in CAR group, so it is specu-
lated that carvedilol can alleviate the inflammatory
response by negatively regulating IRE1-pJNK sig-
naling pathway. What’s more, oxidative stress re-
sponse is another key link in ERS response, which
can not only activate the hepatic stellate cells and
induce apoptosis®, but also up-regulate the mRNA
expression of TGF-B1%. Studies have shown that
the activation of TGF-B1 can, on one hand, acti-
vate hepatic stellate cells?, and, on the other hand,
up-regulate the collagen-1 protein expression’” and
promote the development of hepatic fibrosis. It was
found that MDA content and TGF-B1 expression in
CAR group were decreased, but the level of SOD
was increased, indicating that carvedilol can in-
hibit the oxidative stress, thus inhibiting TGF-f1
production and activation of hepatic stellate cells,
and alleviating the severity of cirrhosis. In conclu-
sion, carvedilol alleviates biliary cirrhosis, whose
relevant mechanism is at least partially related to
the inhibition of ERS.

Conclusions

Carvedilol has a significant effect on alleviat-
ing the inflammatory response, apoptosis and he-
patic fibrosis caused by biliary cirrhosis in mice.
Its relevant mechanism may be that carvedilol

inhibits ERS through the negative regulation of
ATF4-CHOP, ATF6- CHOP and IRE1-pJNK sig-
naling pathways. There were some shortcomings
in this experiment, and further in vitro experi-
mental studies are needed.
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