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Aim: To investigate the effect of carvedilol on liver fibrosis and hepatic sinusoidal capillar-
ization in mice with carbon tetrachloride (CCly)-induced fibrosis.

Methods: A liver fibrosis mouse model was induced by intraperitoneal CCly injection for
8 weeks. The mice were divided into five experimental groups: the normal group, the oil group,
the CCly group, the CCly+carvedilol (5 mg/kg/d) group, and the CClytcarvedilol (10 mg/kg/d)
group. The extent of liver fibrosis was evaluated by histopathological staining, and the changes in
fenestrations of hepatic sinus endothelial cells were observed by scanning electron
microscope (SEM). The expression of a-smooth muscle actin (a-SMA) and vascular endothelial
markers was detected by immunohistochemistry and Western blot assays. The effect of carve-
dilol on cell apoptosis was studied via Terminal deoxynucleotidyl Transferase Mediated dUTP
Nick End Labeling (TUNEL) assay, and the serum levels of matrix metalloproteinase-8 (MMP-
8), vascular endothelial growth factor (VEGF), and angiopoietin-2 were detected through a
Luminex assay.

Results: Liver fibrosis in CCly-treated mice was attenuated by reduced accumulation of
collagen and the reaction of inflammation with carvedilol treatment. Carvedilol reduced the
activation of hepatic stellate cells (HSCs) and increased the number of apoptotic cells. The
expression of a-SMA, CD31, CD34 and VWF (von Willebrand factor) was significantly
decreased after carvedilol treatment. In addition, the number of fenestrae in the hepatic
sinusoid showed notable differences between the groups, and the serum levels of MMP-8,
VEGF and angiopoietin-2 were increased in the mice with liver fibrosis and reduced by
carvedilol treatment.

Conclusion: The study demonstrated that carvedilol could prevent further development of
liver fibrosis and hepatic sinusoidal capillarization in mice with CCly-induced fibrosis.
Keywords: carvedilol, liver fibrosis, hepatic sinusoid, angiogenesis, hepatic stellate cell,

mice

Introduction

Hepatic fibrosis, which is a common pathological process involved in the development of
various chronic liver diseases, is far from an ideal effect in their effective prevention and
treatment. Therefore, efficient and specific antifibrotic drugs are urgently needed.' In
recent years, targeted therapies for liver fibrosis, especially for activated hepatic stellate
cells and other fibrogenic effector cells, have made remarkable progress.' Liver fibrosis
is the result of a chronic process of inflammation and tissue repair, that involves the
accumulation of connective tissue.*” Hepatic stellate cell (HSC) is a specific pericyte
located in the Disse space. During the development of hepatic fibrosis and portal
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hypertension, activated HSCs participate in the formation of
fibrosis and the reconstruction of the intrahepatic structure
through proliferation and secretion of extracellular matrix
(ECM), and these cells could also increase the liver sinusoidal
pressure through cell contraction.®® Therefore, the degrada-
tion of ECM and low-density basement membrane, and the
clearance of HSCs through apoptosis are very valuable in the
treatment of liver fibrosis.’

The normal hepatic sinusoid is composed of a flat layer of
liver sinusoidal endothelial cells (LSECs), which have an open
and high density fenestration structure. Endothelial transport in
the liver sinusoidal endothelium occurs through fenestrae with-
out a diaphragm.'®'" In liver fibrosis and cirrhosis, hepatic
sinus capillarization is characterized by LSEC capillarization,
phenotypic changes and the formation of a complete suben-
dothelial basement membrane. These effects result in the for-
mation of a new capillary network and thereby lead to changes
in liver microcirculation function.'? The disappearance of the
normal filtration barrier in the cirrhotic liver leads to an
impaired bidirectional exchange between sinusoidal blood
and parenchymal cells. Therefore, capillarization of the sinu-
soidal endothelium might be an important cause of hepatic
failure in cirrhosis.'' Moreover, previous studies have revealed
that the relationship between liver fibrosis and endothelial-
mediated angiogenesis seriously impedes the reversal and
remission of liver fibrosis.'*'* Antiangiogenic therapy might
be a strategy for the treatment of hepatic fibrosis and portal
hypertension.®!'>1¢

Carvedilol is known as an adrenergic receptor blocker
that blocks sympathetic neural activation through the antag-
onism of B1-, B2- and al-adrenoreceptors. At present, car-
vedilol is clinically used to reduce portal vein pressure and
prevent esophageal and gastric variceal bleeding, which is a
complication of liver cirrhosis.'”'® Studies have shown that
carvedilol can reduce oxidative stress, the inflammatory
response and fibrosis in alcohol-induced liver injury.'* '
In addition, our previous study indicated that carvedilol
might alleviate liver fibrosis by inhibiting angiogenesis in
a human umbilical vascular endothelial cell (HUVEC)
model.?* The present study further investigated the effects
of carvedilol on liver fibrosis and hepatic sinusoidal capil-
larization in mice with CCly-induced fibrosis.

Materials and methods

Mouse model of liver fibrosis
Carvedilol was purchased from Solarbio Life Science
Company (Beijing, China) and dissolved to different

concentrations. Fifty adult male C57BL/6J mice weighing
18-20 g were obtained from the Experimental Animal Center
of Shandong University (Jinan, China). The animals were kept
in an air-conditioned room at 23-25 °C with a 12 hours dark/
light cycle for one week prior to the initiation of the experi-
ments. All the animals received appropriate care during the
study with free access to food and water. The study was
approved by the Shandong University Animal Care
Committee and followed the guiding principles for the care
and use of laboratory animals adopted by the committee.

Liver fibrosis in mice was induced through twice
weekly intraperitoneal injections of CCly (25%, 0.5 ml/
100 g) for 8 weeks. The mice were randomly distributed
into five groups: 1) normal control group; 2) olive oil
group, the mice were intraperitoneally injected with olive
oil for 8 weeks; 3) CCly group, the mice were intraperito-
neally injected with CCly for 8 weeks; 4) CCl,+ carvedilol
(5 mg/kg/d, by gavage) group, the mice were administered
CCly alone for 2 weeks and then both carvedilol and CCl,
for 6 weeks; and 5) CCly+ carvedilol (10 mg/kg/d, by
gavage) group, the mice were administered CCly alone
for 2 weeks and then both carvedilol and CCl; for
6 weeks. The mice in group 2 were administered olive
oil intraperitoneally at the same dose and under the same
condition as those used for the CCly-treated group.

The mice were euthanized, and liver samples were
removed and snap-frozen in liquid nitrogen for storage at
—80 °C. An additional section was fixed in 4% parafor-
maldehyde for 24 hours and embedded in paraffin.

Histological examination

The liver tissue sections were stained with hematoxylin and
eosin (H&E) for morphological evaluation. Masson trichrome
and Sirius Red staining were used to assess the degree of liver
fibrosis. Sirius Red staining was analyzed by Image-Pro Plus
software 6.0.

Immunohistochemical staining

The liver tissues embedded in paraffin were sliced into 4—
6 mm pieces, deparaffinized and serially dehydrated in
ethanol. The sections were boiled for 3 minutes while
immersed in EDTA-Tris (pH 9.0) for antigen retrieval and
then treated with hydrogen peroxide for 30 minutes to
inactivate the endogenous peroxidase. The sections were
incubated overnight at 4 °C with primary antibodies, which
included antibodies against a-SMA (1:400; Abcam,
Cambridge, MA, USA), CD31 (1:2000; Abcam), CD34
(1:2500; Abcam) and von Willebrand factor (VWF)
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(1:200; Proteintech, Wuhan, China). The sections were
subsequently incubated with the appropriate biotinylated
secondary (goat anti-rabbit IgG and goat anti-mouse 1gG;
Origene Technologies, Beijing, China) for 30 minutes at
room temperature, stained with Diaminobenzidine (DAB)
and counterstained with hematoxylin. The positive areas
were colored a brownish yellow. Image-Pro Plus software
6.0 was used for the immunohistochemical analysis.

Scanning electron microscope analysis
Freshly collected specimens were immediately immobilized in
electron microscope fixation solution (Wuhan Servicebio
Technology Ltd., Wuhan, China) for 2 hours and then trans-
ferred to 4 °C. The tissues were immobilized in 1% osmic acid
buffer for 2 hours, serially dehydrated in ethanol and dried in a
critical point drier (K850; Quorum Technologies Ltd, Lewes,
United Kingdom). Then images were obtained under a scan-
ning electron microscope (SU8010; Hitachi, Tokyo, Japan)
after conductive treatment using an ion sputtering analyzer
(MSP-2S; IXRF Sytems, Inc., Austin, TX, USA). The sections
were observed by SEM to analyze the fenestrated structure of
the hepatic sinus endothelium.

Apoptosis detection by TUNEL staining

and immunofluorescent staining

In situ detection of DNA fragmentation was performed using
TUNEL staining of the paraffin-embedded liver sections of
mice. During apoptosis, DNA is degraded into 50-300 kb
fragments by endogenous nucleic acid hydrolase. The break-
age of DNA leads to the formation of a series of 3'DNA
hydroxyl groups, and these groups serve as substrates for the
nucleotide transferase (TdT), which can attach nucleotides to
the 3’DNA hydroxyl groups. Apoptosis was detected by label-
ing nucleotides with TUNEL stain, using in situ cell death
detection kit (Roche, Mannheim, Germany) in accordance
with  the
Immunofluorescent staining was performed with primary anti-
bodies against a-SMA (1:500; Abcam) and with fluorescence-
(Wuhan
Technology Ltd.). The nucleus was stained with 4',6-diami-
dino-2-phenylindole (DAPI) reagent (Wuhan Servicebio
Technology Ltd.).

manufacturer’s  recommended  protocol.

conjugated secondary antibodies Servicebio

Western blot analysis

Liver samples were homogenized with RIPA lysis buffer
(Solarbio Life Science, Beijing, China). After centrifugation,
the proteins were extracted for Western blot assay. The

protein concentrations were detected using the bicinchoninic
acid (BCA) protein determination method. The protein sam-
ples were electrophoresed by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene fluoride (PVDF) membranes (Merk
Millipore, Burlington, MA, USA). The membranes were
blocked with 5% fat-free milk at room temperature for 1
hour, incubated at 4 °C overnight with the primary antibo-
dies, and were incubated with the secondary antibodies for 1
hour at room temperature. The membranes were then sub-
jected to three 10-minutes washes with TBST, and the anti-
body-bound proteins were detected using an enhanced
chemiluminescence assay kit (Merk Millipore). The results
were quantified by using ImageJ software.

Luminex analysis

Blood samples were collected from the mice, allowed to clot
at room temperature and centrifuged at 4 °C (3000 rpm) for
10 minutes. The supernatants were stored at —80 °C until use.
The relevant biomarkers in mouse serum, including MMP-8,
VEGF and angiopoietin-2 were measured using a Luminex
System (LXSAMSM-09, R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. The data
were collected and the significances of the differences among
the groups were analyzed.

Statistical analysis

The results are expressed as meantstandard deviation. The
data were statistically analyzed by one-way ANOVA and
Student’s #-test as appropriate. A significant difference was
considered at P<0.05.

Results

Carvedilol attenuated liver fibrosis in mice
The therapeutic effect of carvedilol on hepatic fibrosis
was evaluated by H&E (Figure 1A), Masson trichrome
(Figure 1B) and Sirius Red staining (Figure 1C and D).
After the mice were administered CCly for 8 weeks, their
liver tissues exhibited hepatocellular degeneration and
inflammatory cell infiltration (Figure 1A). Moreover,
Masson trichrome and Sirius Red staining showed
increased hyperplasia of the fibrous tissues and the for-
mation of fibrous septa in CCl; group. In contrast, the
carvedilol-treated group showed significant decreases in
the amounts of fibrosis tissues and inflammatory cells.
Moreover, the high dose (10 mg/kg/d) of carvedilol was
more effective than the low dose (5 mg/kg/d). Sirius Red
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Figure | Carvedilol attenuated the extent of liver fibrosis in CCl,-treated mice. (A) Representative photomicrographs of liver sections stained with H&E; (B) representative
photomicrographs of liver sections stained with Masson trichrome; (C, D) collagen deposition was evaluated by Sirius Red staining under polarized and normal light.
Magnification x100. Scale bars: 200 um. (E) Collagen deposition in Sirius Red staining was quantified using Image-Pro Plus software. ##P<0.001 vs oil group; *P<0.01 vs
CCl4 group; P<0.01 CCl4+Carv (5 mg/kg/d) group vs CCly+Carv (10 mg/kg/d) group. Group |, normal; group 2, oil; group 3, CCly; group 4, CCls+Carv (5 mg/kg/d); group 5,

CCl4+Carv (10 mg/kg/d).

Abbreviations: CCly, carbon tetrachloride; H&E, hematoxylin and eosin; Carv, carvedilol.

staining under polarized light revealed the deposition of
collagen type I (in red) and collagen type III (in green) in
the CCly group (Figure 1C). Nevertheless, the degree of
collagen deposition in the interlobular septum and peri-
portal vein was significantly decreased with carvedilol
treatment. (Figure 1C, D and E)

Effect of carvedilol on HSC activation and

cell apoptosis

The activation of HSCs can induce o-SMA expression,
strengthen their proliferation and increase collagen synthesis.
In our study, a-SMA was used for evaluating the effect of
carvedilol on HSC activation. Immunohistochemistry staining
revealed no obvious positive staining in the normal control and
olive oil groups. The number of a-SMA positive cells was
significantly increased in the CCl, group and decreased by
carvedilol treatment in a dose-dependent manner (Figure 2).
A Western blot analysis further demonstrated that the expres-
sion of a-SMA was markedly reduced in the carvedilol-treated
group compared with the CCl, group (Figure 3B). The number
of apoptotic cells was evaluated by a TUNEL assay and
immunofluorescent analysis, and the results showed that the
apoptosis of HSCs in the carvedilol-treated group was higher
than that in the CCly group (Figure 4). The levels of Bax and
Bcl-2, which are used as apoptosis-related indexes, were
detected by Western blot assay, and the data showed that

carvedilol significantly promoted the expression of the pro-
apoptotic factor Bax and inhibited the expression of the anti-
apoptotic factor Bcl-2. Moreover, with the increase of the dose,
the pro-apoptotic effect of carvedilol was more significant
(P<0.05) (Figure 3C and D). The results demonstrated that
the mitochondrial apoptosis pathway regulated by Bcl-2 family
proteins was involved in the carvedilol-induced process of
apoptosis. In summary, the results suggested that carvedilol
suppressed the activation of HSCs and promoted cell
apoptosis.

The changes of liver sinusoidal endothelial

cell fenestrae under SEM

The SEM results showed that the surface of normal LSECs
had fenestrae in a sieve arrangement. The number of fenestrae
was significantly reduced and even disappeared in the mice
with CCly-induced liver fibrosis. The results also showed that
the number of fenestrae in the carvedilol group was increased
compared with that in the CCl, group. (Figure 5)

Assessment of the effect of carvedilol on
the expression of CD34, CD3| and VWF
by immunohistochemistry assay

CD34, CD31 and VWF are commonly used as vascular

endothelial markers and these are rarely expressed in normal
liver. However, the expression of these indexes increases after
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Figure 2 The expression of a-SMA was detected by immunohistochemical staining (magnification %200). Scale bars: 100 pm. Carvedilol effectively inhibited the expression
of a-SMA. #p<0.001 vs oil group; **P<0.01 vs CCly group; P<0.01 CCly+Carv (5 mg/kg/d) group vs CCls+Carv (10 mg/kg/d) group.
Abbreviations: a-SMA, a-smooth muscle actin; CCly, carbon tetrachloride; Carv, carvedilol.
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Figure 3 Western blot analyses of a-SMA, Bax, Bcl-2, CD34, CD3 1 and VWE (A) Protein expression bands of each index detected by Western blot. (B) The expression of a-
SMA was significantly decreased after carvedilol treatment. #P<0.05 vs oil group; *P<0.05 vs CCl, group. (C) The expression of Bax was increased after carvedilol treatment.
#P<0.05 vs oil group; *P<0.05 vs CCly group. (D) The expression of Bcl-2 was decreased after carvedilol treatment. #P<0.05 vs oil group; *P<0.05 vs CCly group; *P<0.01 vs
CCl, group. (E) The expression of CD3| was decreased after carvedilol treatment. *P<0.01 vs oil group; *P<0.05 vs CCly group; **P<0.01 vs CCl, group. (F. G) The
expression of CD34 and VWF was decreased after carvedilol treatment. #p<0.05 vs oil group; *P<0.05 vs CCl4 group.

Abbreviations: 0-SMA, a-smooth muscle actin; CCl,, carbon tetrachloride; Carv, carvedilol; Bcl-2, B-cell lymphoma-2; VWEF, von Willebrand factor.

hepatic sinusoid capillarization. We detected the expression of
CD34, CD31, and VWF by immunohistochemistry staining.
The results showed slight positive staining in the normal and
olive oil groups. In contrast, the injection of CCl, for 8 weeks
significantly increased the positive staining areas, whereas
carvedilol treatment effectively decreased the expression of
these markers (Figure 6). Furthermore, the result showed that
the inhibitory effect of carvedilol was enhanced with the
increase of doses.

Assessment of the effect of carvedilol on
the expression of CD34, CD31| and VWF

by Western blot analysis
The present study showed that the protein expression
levels of CD34, CD31 and VWF were significantly higher

in the CCly group than in the control group, but they were
markedly decreased in the carvedilol-treated group
(Figure 3A, E, F and G). The results suggested that these
vascular endothelial markers were clearly increased in
fibrotic liver tissues and that carvedilol could inhibit the
expression of these proteins.

Analysis of serum biomarkers by luminex

assay
MMP-8 is a member of the MMP family of neutral protei-
nases and exerts an effect on the digestion of type I and type
I collagens.”> VEGF can promote the proliferation of
endothelial cells and has been demonstrated to play an impor-
tant role in angiogenesis.”* In addition to VEGF, the angio-
poietin family is also involved in vascular remodeling.”® The
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Figure 4 (A) Apoptotic cells were detected by TUNEL staining (magnification x200). The number of apoptotic cells was markedly increased in carvedilol-treated group. #P<0.05 vs oil
group; ¥P<0.01 vs CCl, group; P<0.05 CCl,+Carv (5 mg/kg/d) group vs CCl4+Carv (10 mg/kg/d) group. (B) Immunofluorescent double staining of TUNEL and a-SMA (magnification
%200). The nucleus stained by DAPI was blue, the tunel kit was labeled with FITC luciferin, the positive apoptotic cells were green, and a-SMA displayed red. Scale bars: 100pm.

Abbreviations: TUNEL, terminal deoxynucleotidyl transferase mediated dUTP nick end labeling; 0-SMA, a-smooth muscle actin; CCly, carbon tetrachloride; Cary,

carvedilol; DAPI, 4',6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate.

present results showed that the MMP-8, VEGF and angio-
poietin-2 levels were significantly increased in the mice with
CCly-induced liver fibrosis compared with the levels in the
olive oil and control groups (P<0.001). In contrast, the
MMP-8, VEGF and angiopoietin-2 levels in the CCly+car-
vedilol (10 mg/kg/d) group were lower than those in the CCly
group (P<0.05) (Figure 7).

Discussion

Liver fibrosis is a complex pathological process that leads to
the development of chronic liver disease and cirrhosis.*®*’
Liver cirrhosis not only leads to hepatic functional failure
but also causes a series of complications.”® Various drugs
have been introduced to cure liver fibrosis, but these treat-

ments are not highly effective. Thus, the development of

novel therapies for suppressing liver fibrosis is urgently
needed. Carvedilol, a nonselective beta blocker (NSBB),
is currently recommended for reducing portal venous pres-
sure in chronic liver diseases.'”**>° Previous studies have
shown that carvedilol exerts anti-inflammatory and antiox-
idant effects in ethanol-induced liver injury.'>* In the pre-
sent study, a model of liver fibrosis induced by CCl; was
established in mice, and the effects of carvedilol at different
concentrations on hepatic fibrosis and hepatic sinusoidal
capillaries were studied.

The establishment of a liver fibrosis model was verified by
pathological staining. H&E and Masson trichrome staining
revealed that successful establishment of liver fibrosis in the
mice that were administered intraperitoneal injections of CCly
for 8 weeks. After six weeks of carvedilol administration via
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Figure 5 Low magnification scanning electron micrograph of LSEC from mice liver
showing the fenestrae. Magnification %x3500. Scale bars: 10 pm.
Abbreviations: LSEC, liver sinusoidal endothelial cell.
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gavage, the extent of hepatocyte inflammation, collagen

deposition and hepatic fibrosis was significantly reduced.

Then, we further investigated the anti-fibrosis mechanism of
carvedilol. It is known that HSCs play a pivotal role in the

progression of liver fibrosis. HSCs are localized in the space of
Disse and account for 5-8% of total liver cells. The occurrence

of liver injury activates HSCs, and these activated cells then
begin to proliferate and release a large number of extracellular
matrix components, such as collagen, which results in modifi-
cation of the hepatic structure.>’ > The activation of HSCs
induces changes in their morphology, the loss of their retinoid
droplets and increases in the a-SMA expression.”* Therefore,
a-SMA is considered an important marker for the evaluation of
HSC activation and proliferation.>> In the present study, the
expression of a-SMA was detected by immunohistochemical
staining and Western blot assay. The results demonstrated that
HSC activation was inhibited by carvedilol administration in a
dose-dependent manner. On the other hand, induction of
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Figure 6 (A) Expression of CD34 by immunohistochemical staining (magnificatiol

n %200). (B) Expression of CD3| by immunohistochemical staining (magnification x200).

(C) Expression of VWF by immunohistochemical staining (magnification x200). Scale bars: 100 pm. #p<0.01 vs oil group; *¥P<0.01 vs CCl, group; P<0.01 CCl4+Carv (5 mg/

kg/d) group vs CCly+Carv (10 mg/kg/d) group. Group |, normal; group 2, oil

; group 3, CCly; group 4, CCly+Carv (5 mgl/kg/d); group 5, CCly+Carv (10 mg/kg/d).

Abbreviations: CCl,, carbon tetrachloride; Carv, carvedilol; VWF, von Willebrand factor.
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Figure 7 Serum levels of relevant biomarkers were detected in a luminex assay. (A) MMP-8; (B) VEGF; (C) angiopoietin-2. **P<0.001 vs oil group; *P<0.05 vs CCl, group.
Abbreviations: MMP-8, matrix metalloproteinase-8; VEGF, vascular endothelial growth factor; CCly, carbon tetrachloride.

apoptosis can clear activated HSCs, thereby alleviating liver
fibrosis.>® HSC apoptosis is key to the reversal of liver fibrosis,
and TUNEL staining showed that carvedilol increased the
apoptosis of cells, mainly including HSCs. In addition, a-
SMA was used to localize HSCs in immunofluorescence ana-
lysis, and the results showed that the apoptosis rate of HSCs in
the carvedilol-treated group was significantly higher than that
in the CCly group. The study indicated that carvedilol could
alleviate liver fibrosis by inducing HSCs apoptosis. The Bcl-2
family proteins located at the outer membrane of mitochondria
play an important role in apoptosis. The detection of Bel-2
family proteins by Western blot analysis further confirmed the
pro-apoptotic effect of carvedilol. Based on the results
of the present study, we believe that carvedilol might prevent
the progression of hepatic fibrosis by reducing the activation
and proliferation of HSCs and increasing apoptosis.

In the early stage of chronic liver disease, dysfunction of
liver microcirculation occurs due to inflammation and oxida-
tive stress, and the phenotype of LSECs changes.’” Fenestrae
are considered a characteristic feature of LSECs. In various
liver injuries such as liver fibrosis, LSECs lose their specia-
lized morphology, resulting in the disappearance of fenestrae,
and develop capillarization.*®* It has been reported that
LSEC capillarization promotes HSC activation and fibrosis
and the reversal of LSEC capillarization could promote the
quiescence of HSCs.*® The interaction between LSECs and
HSCs increases collagen deposition, promotes fibrogenesis
and angiogenesis.>® Furthermore, studies have shown that
sinusoidal remodeling and intrahepatic angiogenesis are
related to sinusoidal resistance, fibrosis and portal
hypertension.'®*' In the present study, LSEC fenestrae
within the sinusoids were reduced or lost in the CCl,-treated
mice. Moreover, immunohistochemistry and Western blot

analyses demonstrated that the expression levels of vascular
endothelial markers, such as CD31, CD34 and VWF, were
markedly increased in the CCly-treated group. However,
carvedilol decreased the expression of vascular endothelial
markers and effectively attenuated sinusoidal capillarization.
Therefore, the results suggested that carvedilol could
improve sinusoidal remodeling, inhibit intrahepatic angio-
genesis, and thus alleviate the pressure in the hepatic sinus.
In addition, MMP-8 was considered to promote collagen
breakdown.*? The data confirmed that, along with more
HSCs were activated in CCly-treated mice, the level of
MMP-8 in these mice was increased to degrade the col-
lagen. Nevertheless, with carvedilol treatment, the degree
of collagen deposition was decreased and thus the level of
MMP-8 was reduced. In addition, liver fibrosis can induce a
hypoxic environment, which promotes the production of
angiogenic factors, including VEGF and angiopoietin, and

4345 .
345 Excessive

these factors lead to increased angiogenesis.
levels of ECM deposition and angiogenic factors lead to
LSEC capillarization, which results in increased vascular
resistance and portal hypertension.*® The data demonstrated
that the levels of angiogenic factors, including VEGF and
angiopoietin-2, were significantly increased in the serum of
CCly-treated mice. However, the production of VEGF and
angiopoietin-2 was reduced by carvedilol treatment, which
suggested that the processes of angiogenesis and LSEC

capillarization was inhibited in the carvedilol-treated mice.

Conclusion

In summary, carvedilol can prevent further development of
CCly-induced liver fibrosis in mice by inhibiting HSC acti-
vation and increasing cell apoptosis. Moreover, carvedilol
can alter the LSEC phenotype and reduce sinusoidal
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capillarization, which might further alleviate liver fibrosis

and portal hypertension. Thus, carvedilol exerts potential

anti-fibrosis and anti-angiogenic effects.
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