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Rhus verniciflua Stokes attenuates cholestatic liver
cirthosis-induced interstitial fibrosis via Smad3
down-regulation and Smad7 up-regulation
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Abstract: Cholestatic liver cirrhosis (CLC) eventually proceeds to end-stage liver failure by mediating overwhelming deposition of
collagen, which is produced by activated interstitial myofibroblasts. Although the beneficial effects of Rhus verniciflua Stokes (RVS)
on various diseases are well-known, its therapeutic effect and possible underlying mechanism on interstitial fibrosis associated with
CLC are not elucidated. This study was designed to assess the protective effects of RVS and its possible underlying mechanisms in
rat models of CLC established by bile duct ligation (BDL). We demonstrated that BDL markedly elevated the serological parameters
such as aspartate aminotransferase, alanine transaminase, total bilirubin, and direct bilirubin, all of which were significantly
attenuated by the daily uptake of RVS (2 mg/kg/day) for 28 days (14 days before and after operation) via intragastric route. We
observed that BDL drastically induced the deterioration of liver histoarchitecture and excessive deposition of extracellular matrix
(ECM), both of which were significantly attenuated by RVS. In addition, we revealed that RVS inhibited BDL-induced proliferation
and activation of interstitial myofibroblasts, a highly suggestive cell type for ECM production, as shown by immunohistochemical
and semi-quantitative detection of o-smooth muscle actin and vimentin. Finally, we demonstrated that the anti-fibrotic effect of RVS
was associated with the inactivation of Smad3, the key downstream target of a major fibrogenic cytokine, i.e., transforming growth
factor B (TGF-B). Simultaneously, we also found that RVS reciprocally increased the expression of Smad7, a negative regulatory
protein of the TGF-B/Smad3 pathway. Taken together, these results suggested that RVS has a therapeutic effect on CLC, and these
effects are, at least partly, due to the inhibition of liver fibrosis by the downregulation of Smad3 and upregulation of Smad7.
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Introduction
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including hepatic stellate cells (HSC), hepatocytes, endothelial
cells, and cholangiocytes [3-5]. Following hepatic damage,
transforming growth factor- (TGF-f3), a master inflammatory/
fibrogenic cytokine, is released from infiltrating macrophages.
Upon the stimulation by TGF-f, Smad3 is phosphorylated,
translocate to the nucleus, and start to exert the transcription
activity [6]. While the Smad3 and the Smad7, a major nega-
tive regulatory protein, keeps balance, breakdown of balance
between Smad3 and Smad?7 stimulates the parenchymal cells
and induces their transdifferentiation into myofibroblasts [7-
9]. Subsequently, ECM starts to accumulate in the interstitial
space, resulting the progressive and irreversible substitution of
normal parenchyma by scar tissue [10, 11].

Based on the notion that chronic inflammation essentially
precedes the development of liver fibrosis, plant extracts
that exert anti-inflammatory property have been empirically
used for treating patients with various liver diseases in Asian
countries [12]. Among them, Rhus verniciflua Stokes (RVS)
has been traditionally used as a food supplement or a phar-
maceutical in Korea and China [13]. Recent studies have
revealed that RVS has various biological properties including
antioxidant, antiobesity, antioncogenic, tumoricidal, and anti-
inflammatory activities [14-18].

Previous report suggested that RVS shows protective activ-
ity in mice models of liver injury established by the admin-
istration of carbon tetrachloride [19]. This study focused on
the antioxidant property of RVS as a therapeutic mechanism.
A recent study demonstrated that butein, a major constitu-
ent of RVS, could inhibit ethanol-induced activation of HSC
through the TGF-f signaling pathways [20]. Taken together,
these results imply that RVS may be useful as a protective
agent against different types of liver injuries. However, the
roles of RVS in CLC-associated interstitial fibrosis have not
been completely understood. The aim of this study was to
assess the potential protective effects of RVS and unveil its
possible underlying mechanisms in an in vivo model of CLC.
Herein, we used a rat model of bile duct ligation (BDL) and
focused on the involvement of the Smad pathway, a major
downstream signaling mediator of TGF-f, as a potential
modulatory target of RVS.

Materials and Methods
Preparation of RVS extracts

RVS extract was supplied by Lifetree Biotech Co., Ltd. (Su-
won, Korea). The extract was prepared as described previously
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[21, 22]. In brief, the timber of RVS was harvested in Wonju,
Gangwon-do, South Korea, and was cut into 11x1x0.2-cm-
sized pieces. These pieces were mixed with water (1:10, w/v)
and then eluted with boiling water at 90-110°C for 4 hours.
The extract was concentrated to 15% solid content. Next, this
concentrated extract was diluted with an equal volume of dex-
trin, followed by drying using spray-drying method. Urushiol,
an allergenic constituent of RVS, was extracted. The urushiol-
free RVS extract was authenticated by Korea Advanced Food
Research Institute (KAFRI, Seoul, Korea).

Animals

All experiments with rats were acknowledged and regu-
lated by the Institutional Animal Care and Use Committee
(IACUC; approved protocol number: P-16-05-A-01) of the
Konyang University (Daejeon, Korea). The 8-week-old male
Sprague-Dawley rats (n=36; body weight, 185-200 g) were
purchased from Samtako (Osan, Korea). The rats were accli-
mated in an environmentally controlled room at 23+2°C with
a 60+10% relative humidity in a 12-hour light/dark cycle, and
they had free access to water and food. All experiments were
conducted in accordance with the “Guide for the Care and
Use of Laboratory Animals” (National Institutes of Health
publication 8th edition, 2011).

Experimental design

The rats were randomly divided into the following groups
(n=12 per group): sham-surgery (SHAM), BDL, and BDL
with RVS-treatment (BDL+RVS) groups. For the BDL+RVS
group, RVS (2 mg/kg/day) diluted in distilled water was ad-
ministered by intragastric route for 28 days (14 days before
and after BDL operation). For the BDL group, distilled water
as a vehicle was given for 14 days before and after BDL opera-
tion. The group of rats receiving laparotomy without ligation
of the bile duct was designated as SHAM group. On postop-
erative day (POD) 14, all the rats were weighed and sacrificed.
The livers were removed and some of the tissues were frozen
for protein determinations. The remaining tissues were fixed
with formalin for histological study. Arterial blood was col-
lected from abdominal aorta for serological assay.

Bile duct ligation

Common bile ducts of each rat were surgically ligated in
accordance with the method of Tag et al. [23]. In brief, the
rats were anesthetized with a 1:1 mixture (0.2 ml/kg each)
of zoletil (Virbac Laboratories, Carros, France) and xylazine
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(Kepro, Deventer, The Netherlands). Following laparotomy,
common bile duct was isolated and completely occluded with
4-0 black silk. Then, the surgical wound was closed with su-
ture, and the rats were allowed to recover in home cages until
they were fully awake and active.

Serological assay

Following the collection of arterial blood, sera were ob-
tained by centrifuge. The sera were stored at —70°C until as-
sayed. The levels of total bilirubin (tBil), direct bilirubin (dBil),
aspartate transaminase (AST), and alanine transaminase
(ALT) were measured with DRI-CHEM 3000 colorimetric
analyzer (Fujifilm, Tokyo, Japan).

Histology

The liver tissues obtained from the right lobe were fixed
in 10% neutral buffered formalin and embedded in paraffin.
Paraftin blocks were sliced into 5-pm-thick sections on a mi-
crotome (RM2255, Leica, Nussloch, Germany). Alterations in
the histologic structures of the liver were examined by hema-
toxylin and eosin (H&E) and Masson’s trichrome stain. H&E
and Masson’s trichrome staining were performed according
to previous studies [24, 25]. Two microscopic fields of tissue
sections were randomly selected from each rat (n=12 in each
group). These fields were photographed at 200x magnifica-
tion by digital camera connected with light microscope (DM4,
Leica) and examined by three blind observers. For assessment
of fibrosis degree, the Knodell histology activity index (HAI)
was slightly modified and utilized [26]. The following criteria
were used in this study: 0, no fibrosis; 1, fibrous expansion
of some portal tract with or without short fibrous septa; 2, fi-
brous expansion of most portal tracts with or without fibrous
septa; 3, fibrous expansion of portal tract with occasional
portal to portal bridging; 4, fibrous expansion of portal tracts
with marked portal to portal as well as portal to central bridg-
ing; and 5, marked bridging (portal to portal and/or portal
to central) with occasional nodules. Fibrotic areas were mea-
sured with the aid of image analysis system (Image] software,
National Institutes of Health, Bethesda, MD, USA).

Immunofluorescence and immunohistochemistry

To measure the intrahepatic distribution of collagen-I
(COLL1) and a-smooth muscle actin (a-SMA)-immunoposi-
tive myofibroblasts, immunofluorescence (IF) and immuno-
histochemistry (IHC) were performed respectively. For each
rat (n=12 in each group), two randomly selected liver sec-
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tions were de-paraffinized in xylene, hydrated by immersion
in baths featuring a decreasing ethanol gradient, and then
washed in distilled water. Next, each section was incubated
with primary antibodies that were diluted in blocking solu-
tion at a ratio of 1:200 for rabbit anti-COL1 (Santa Cruz
Biotechnology, Dallas, TX, USA) and 1:100 for rabbit anti-a-
SMA (Santa Cruz Biotechnology) for 24 hours at 4°C. After 3
washes in phosphate buffered saline (PBS), the sections incu-
bated with anti-COL1 and anti-a-SMA were incubated with
secondary antibodies containing Cy3-conjugated anti-rabbit
IgG and biotinylated anti-rabbit IgG respectively, for 1 hour at
room temperature. For IF, the slides were counterstained with
mounting medium containing 4',6-diamidino-2-phenylindole
and examined with a confocal laser scanning microscope
(LSM700, Zeiss, Munchen, Germany). For IHC, the slides
were further incubated with avidin-biotin complex solution
for 1 hour at 36°C. The immunopositive regions turned dark
brown after the addition of 3,3’-diaminobenzidine tetrahy-
drochloride (DAB, Sigma-Aldrich, St. Louis, MO, USA) as
a chromogen. After cessation of the reaction with DAB, the
slides were counterstained with hematoxylin for nuclear stain-
ing and examined with a light microscope (Leica).

Western blot analysis

Total protein extraction and western blot analyses were
performed as described in a previous study [27]. The liver
tissue of each group was gently isolated and transferred to
lysis buffer, and homogenized. Randomly chosen five tissue
homogenates (n=5 in each group) were incubated with rabbit
antibodies against a-SMA (1:1,000), vimentin (1:1,000), phos-
phorylated Smad3 (1:500), Smad3 (1:500), Smad7 (1:1,000),
and glyceraldehyde 3-phosphate dehydrogenase (1:2,000) as
primary antibodies. These antibodies were purchased from
Santa Cruz Biotechnology. After subsequent incubation with
horseradish peroxide-conjugated anti-rabbit IgG (1:1,000,
Vector Laboratories, Burlingame, CA, USA) and 5 washes in
PBS, the proteins in the polyvinylidene fluoride membranes
were detected by a chemiluminescence detection system ac-
cording to the manufacturer’s instructions (ECL, GE Health-
care Life Sciences, Buckinghamshire, UK). The resulting
bands were photographed with an imaging device Davinch-K
(Davinch-K Corporation, Seoul, Korea). The intensities were
quantified with an image analysis system (Image]).

Statistical analysis
All data are represented as meantstandard error of the
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mean. Comparisons of data from the different groups were
performed with one-way analysis of variance (PASW Statis-
tics version 18, SPSS, Inc., Chicago, IL, USA). Differences
with P-values less than 0.05 were considered to be statistically

« _»

significant. Each “n” value refers to the number of separate

experiments conducted.

Results

RVS normalized the levels of CLC-related serologic
parameters altered by BDL

To evaluate the protective effect of RVS in a rat model of
BDL-induced CLC, quality of life (QOL)-related general con-

Table 1. Effect of RVS on BDL-induced alterations in physical and serological

parameters

Parameter SHAM BDL BDL+RVS
Body weight (g) 3904217 328+17.2° 338+38.27
Liver weight (g) 13.1£1.4 20.4+1.3° 18.6+1.97
Liver/Body weight (%) 34403 5.9+0.9” 5.6+0.7°
Total bilirubin (mg/dl) 0.4+0.1 9.9+0.87 6.6+1.9”
Direct bilirubin (mg/dl) 0.1+0.0 9.8+1.27 6.5+1.0%Y
AST (U/]) 50.35.5 500.7476.07  175.7+42.6”
ALT (U/1) 29.0+1.7 167.7+31.5” 67.7+35.3"9

Values are presented as the mean+SD. RVS, Rhus verniciflua Stokes; BDL, bile
duct ligation; SHAM, sham-surgery; BDL+RVS, BDL with RVS-treatment; AST,
aspartate transaminase; ALT, alanine transaminase. 9P<0.05, ”P<0.01, and
9P<0.001 compared with the SHAM group. “P<0.05 and “P<0.01 compared
with the BDL group.
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ditions and liver functions were measured in terms of body
weight, liver weight, and serologic parameters, such as serum
tBil, dBil, AST, and ALT levels (Table 1). Our study revealed
that 28 days of RVS administration failed to attenuate CLC-
associated QOL deterioration, demonstrating that the loss
of body weight induced by BDL was unchanged by RVS.
Furthermore, RVS could not normalize the increase of liver
weight, associated with the progression of CLC. Notably, tBil
and dBil, serum markers of obstructive jaundice, and AST
and ALT, serum markers of liver function, were elevated by
BDL. The levels of these markers were significantly decreased
by RVS treatment on POD 14. This indicated treatment with
RVS before and after BDL protects against CLC-associated
liver functional damage induced 14 days after BDL.

RVS attenuated CLC-associated histopathological
alteration induced by BDL

A representative image of H&E-stained liver tissues, in
contrast to normal rat liver morphology is shown in Fig. 1A
and D. BDL caused severe histopathological changes such as
steatosis, inflammatory cell infiltration (indicated by black
arrows), and disarrangement of hepatic cords (Fig. 1B, E).
Besides the disruption of tissue architecture, liver fibrosis was
identified with fiber extension, large fibrous septa formation,
and pseudo-lobe separation. However, these BDL-induced
alterations decreased remarkably in the liver sections of rats
that received RVS for 14 days before and after treatment (Fig.

Fig. 1. Protective effect of Rbus verniciflua Stokes (RVS) on bile duct ligation (BDL)—-induced hepatic parenchymal injury. Rats (n=12 in cach
group) were pretreated with RVS (2 mg/kg) for 14 days, followed by BDL operation with RVS (2 mg/kg) for additional 14 days. Sham-surgery
(SHAM) group underwent the same procedures except the actual ligation of the common bile duct. BDL group was administered distilled water
as a vehicle. Representative photomicrographs are H&E stained tissue sections of SHAM (A, D), BDL (B, E), and BDL with RVS-treatment
(BDL+RVS) groups (C, F) with low (A-C) and high magnification (D-F). The black arrows indicates infiltrated inflammatory cells. Scale

bars=100 pm.
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1C, F). This indicated that RVS might prevent or resolve CLC-  RVS attenuated CLC-associated ECM deposition

related histologic alterations in the liver. induced by BDL
To evaluate the degree of liver fibrosis on POD 14 in dif-

ferent groups, the extent of ECM deposition was studied
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Fig. 2. Attenuation of bile duct ligation (BDL)-induced hepatic interstitial fibrosis by Rbus verniciflua Stokes (RVS) treatment. Rats (n=12 in each
group) were pretreated with RVS (2 mg/kg) for 14 days, followed by BDL operation with RVS (2 mg/kg) for additional 14 days. Sham-surgery
(SHAM) group underwent the same procedures except the actual ligation of the common bile duct. BDL group was administered distilled water
as a vehicle. Representative photomicrographs in upper panel are Masson’s trichrome-stained tissue sections of SHAM (A), BDL (B), and BDL
with RVS-treatment (BDL+RVS) groups (C). Scale bar=100 um (A-C). Photomicrographs in the lower panel are fluorescent images captured
under laser confocal microscope, showing collagen-I (COL1) immunoreactivities (appeared red) in liver tissue sections of SHAM (D), BDL
(E), and BDL+RVS groups (F). Scale bar=100 um (D-F). Fibrotic area (G) was measured by the averaged area of blue pixels within cach of the
Masson’s trichrome-stained liver tissue. The degree of fibrosis (H) was graded according to the modification of Knodell histology activity index
using Masson’s trichrome-stained liver sections. The amount of COLI in liver homogenates of each group was assessed by immunoblots, and the
resulting representative blot images (I) and quantitative graphs (J) are shown. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a
loading control (n=5; *P<0.05 and ***P<0.001 compared with the SHAM group; “*P<0.001 compared with the BDL group). Data in all graphs

are expressed as the mean+SD.

http://dx.doi.org/10.5115/acb.2016.49.3.189



194 Anat Cell Biol 2016;49:189-198

through Masson’s trichrome staining. As shown in repre-
sentative images (Fig. 2A-C) and quantitative graphs for
fibrotic area (Fig. 2G), the liver tissue of BDL group displayed
a large area of ECM deposition, whereas that of BDL+RVS
group showed markedly diminished area (89,922+38,721 vs.
342,536+97,302, P<0.001). Fibrosis degree (Fig. 2H), which
was quantified by the modification of Knodell HAI criteria,
was also increased in the BDL group compared to that in
the SHAM group. However, the fibrosis degree of BDL+RVS
group remarkably decreased when compared to that of the
BDL group (2.7+0.50 vs. 4.42+0.78, P<0.001). Based on the
notion that COL1 is the dominant constituent of ECM, we
performed distributional (Fig. 2D-F) and semi-quantitative

Mi Na Gil, et al

assessment (Fig. 21, J) of COLI in the livers of different
groups. Compared to the SHAM group, the amount of COL1
in the liver tissue and tissue homogenates of BDL group
markedly increased. The hepatic deposition of COL1 signifi-
cantly decreased morphologically and semi-quantitatively in
the BDL+RVS group compared with that in the BDL group
(0.41+0.03 vs. 0.94+0.08, P<0.001). These results revealed that
RVS might be useful in preventing or resolving liver fibrosis
due to CLC.

RVS inhibited myofibroblast activation induced by BDL
As ECM is mainly synthesized by interstitial myofibro-
blasts, we tested whether the antifibrotic effects of RVS might
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Fig. 3. Attenuation of bile duct ligation (BDL)-induced myofibroblast activation by Rhus verniciflua Stokes (RVS) treatment. Rats (n=12 in each
group) were pretreated with RVS (2 mg/kg) for 14 days followed by BDL operation with RVS (2 mg/kg) for additional 14 days. Sham-surgery
(SHAM) group underwent the same procedures except the actual ligation of the common bile duct. BDL group was administered distilled water
as a vehicle. Representative images of immunohistochemistry staining for a-smooth muscle actin (o-SMA; appeared brown) in the liver tissue
sections of SHAM (A), BDL (B), and BDL with RVS-treatment (BDL+RVS) groups (C) are shown. Nuclei (appeared purple) were counter-
stained by hematoxylin. Scale bar=100 um. The amount of a-SMA and vimentin in liver homogenates was assessed by immunoblots. The
representative blot images (D) and quantitative graphs revealing a-SMA (E) and vimentin (F) expression are shown. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as a loading control (n=5; *P<0.05 and ***P<0.001 compared with the SHAM group; #P<0.01 compared

with the BDL group). Data in both graphs are expressed as the mean+SD.
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be due to the inhibition of myofibroblast activation. For this
purpose, IHC for o.-SMA, a well-known marker of activated
myofibroblast, was performed using liver tissue from differ-
ent groups. In the SHAM group, a.-SMA-immunopositive
cells were hardly observed in liver parenchyma as well as in
the portal areas (Fig. 3A). In the BDL group (Fig. 3B), numer-
ous o.-SMA-positive myofibroblasts were observed in the
liver around the dilated ducts in the portal areas. However,
the amount of these cells markedly decreased in the liver tis-
sue of BDL+RVS group (Fig. 3C). Immunoblots also revealed
that the levels of o.-SMA and vimentin, another well-known
marker of myofibroblast, dramatically increased in the BDL
group compared with those in SHAM group (1.54+0.07 vs.
0.96+0.03 and 1.73+0.08 vs. 0.57+0.08, respectively, P<0.001).
These levels were significantly decreased by the 28-day treat-
ment with RVS (1.14+0.08 and 0.97+0.17, P<0.01 vs. BDL)
(Fig. 3D-F). These findings indicated that the antifibrotic
effect of RVS might be, at least partly, due to the inhibition of
hepatic myofibroblast activation.
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RVS inhibited profibrotic Smad3 signaling by Smad7
upregulation

Smad3 signaling is a key pathway leading to liver fibrosis
upon stimulation by TGF-f3, a major profibrotic cytokine that
derived from various sources. Therefore, we investigated the
mechanisms by which RVS attenuates BDL-induced CLC by
examining the signaling pathway of Smad3 and its inhibitory
regulator Smad7. We demonstrated that BDL group exhibited
a marked upregulation of p-Smad3/Smad3 ratio (1.74+0.07
vs. 0.79+0.12, P<0.001) as well as a decreased level of Smad7
compared with SHAM group (0.37+0.12 vs. 0.6+0.03,
P<0.001) (Fig. 4A-C). Notably, BDL+RVS group showed a
significant reduction of p-Smad3 and an increase of Smad7
levels compared with the BDL group (1.74£0.07 vs. 0.67+0.1
and 1.71+0.07 vs. 0.37+0.12, P<0.001). This indicated that the
inhibitory effect of RVS on myofibroblast activation might be
due to the downregulation of Smad3 and reciprocal upregula-
tion of Smad7 in liver tissue.
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Fig. 4. Effects of Rbus verniciflua Stokes (RVS) on bile duct ligation (BDL)-induced alterations in p-Smad3/Smad3 ratio and amount of Smad7 in
liver homogenates. Rats (n=12 in each group) were pretreated with RVS (2 mg/kg) for 14 days followed by BDL operation with RVS (BDL+RVS,
2 mg/kg) for additional 14 days. Sham-surgery (SHAM) group underwent the same procedures except the actual ligation of the common bile

duct. BDL group was administered distilled water as a vehicle. The amount of p-Smad3, Smad3, and Smad7 in the liver homogenates of different

groups was assessed by immunoblots. The representative blot images (A) and quantitative graphs revealing p-Smad3/Smad3 ratio (B) and Smad7

(C) expression are shown. Smad3 and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were used as loading controls in panels (B) and (C),
respectively (n=5; *P<0.05 and ***P<0.001 compared with the SHAM group; P<0.01 compared with the BDL group). Data in both graphs are

expressed as the mean+SD.
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Discussion

Clinical studies and studies on animal models have been
carried out to analyze the effects of administration of various
synthetic drugs on liver fibrosis associated with or without
CLC [28, 29]. To date, however, these studies were not able
to suggest definitive solutions regarding the beneficial or haz-
ardous effect of therapeutic usage [30, 31]. On the other hand,
many traditional medicines and their natural products in Asian
countries are known to be relatively low priced and effective
resources for drug development, and identified with very little
noxious effects in clinical situations involving hepatobiliary dis-
eases [32]. It seems that the benefits far outweigh the potential
risks, such as poisoning, nephrotoxicity, and acute hepatotoxic-
ity, to the patient [33, 34]. Thus, the therapeutic screening of
natural plant extracts in this situation may be reasonable.

RVS, which has been used for thousands of years in Asian
countries, is one of the remedies against liver injuries. RVS is
a tree species of genus Toxicodendron belonging to the family
Anacardiaceae and is grown in regions of China and Korea [35,
36]. In Korea, RVS has been used as a therapeutic for digestive
problems such as gastritis and abdominal masses since the
ancient times [37]. RVS has also been used as a food additive.
However, there is lack of scientific evidence proving these
health benefits of RVS. Recently, a body of in vitro studies for
RVS has emerged to reveal its potential antibacterial, anti-
microbial, antirheumatoid, anti-inflammatory, antioxidant,
antiaggregation, anticancer, and neuroprotective activities
[38-42]. The effects of RVS on these entities in hepatobiliary
diseases have been demonstrated by few approaches. RVS has
been shown to suppress aflatoxin B1-induced increase in serum
levels of ALT, alkaline phosphatase, and lactate dehydrogenase,
prevent malondialdehyde formation, and inhibit the decrease in
the levels of glutathione and superoxide dismutase in a mouse
model [43]. In another study, RVS protected against liver dam-
age through the inhibition of radical scavenging ability [44]. A
study performed by Park et al. [45] proposed for the first time
that methanol and ethyl acetate extract of RVS and two active
compounds of RVS, sulfuretin and fustin, have a protective ef-
fect in experimental models of CLC. According to their reports,
these compounds exerted hepatoprotective effects via the aug-
mentation of the liver antioxidant defense system. Herein, we
suggested the beneficial effects of RVS on CLC using different
approaches.

Unlike in the study by Choi et al. [43], we focused on myo-
fibroblast activation and its master signaling regulator, TGF-
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B/Smad pathway, possibly involved in the CLC pathogenesis.
In this study, we demonstrated that BDL markedly elevated
the levels of AST, ALT, tBil, and dBil, all of which were signifi-
cantly attenuated by the 28-day treatment with RVS (2 mg/
kg/day).We also observed the protection of liver histoarchi-
tecture and inhibition of excessive deposition of ECM by RVS
treatment. We observed that RVS inhibited BDL-induced
proliferation and activation of interstitial myofibroblast, and
these effects were strongly associated with the inactivation of
Smad3 and reciprocal upregulation of Smad7.

However, we cannot rule out the possibility that RVS might
exert protective effects on CLC by another mechanism. In
fact, numerous factors that can be possible targets of RVS exist
in the pathogenesis of CLC-induced liver fibrosis. All hepatic
parenchymal cells undergo specific changes in the progres-
sion towards liver fibrosis. For example, the hepatocytes are
injured and they undergo apoptosis and eventually necrosis
[46, 47]. The endothelial cells in sinusoidal capillary undergo
a loss of fenestrae and intercellular integrity [48]. The Kupffer
cells, which are the resident macrophages in the liver, activate
and secrete various chemokines and cytokines [49, 50]. The
lymphocytes infiltrate the damaged liver and contribute to
the inflammatory process. Finally, the quiescent HSC are acti-
vated to produce ECM [51, 52]. Thus, based on the biological
properties of RVS such as anti-apoptotic, angioprotective, an-
ti-inflammatory, and antifibrotic effects, it was suggested that
RVS might exert beneficial effects on CLC by multifactorial
mechanisms. Therefore, by using single compounds within
RVS, approaches for unveiling other therapeutic mechanisms
and specific molecular targets might be needed in the context
of protective effects of RVS on CLC.
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