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Suppression of the TGF-f/Smad signaling pathway
and inhibition of hepatic stellate cell proliferation
play a role in the hepatoprotective effects of curcumin
against alcohol-induced hepatic fibrosis
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Abstract. The hepatoprotective effects of curcumin against
alcohol-induced hepatic fibrosis have rarely been discussed and
its mechanisms of action in alcohol-induced liver disease remain
unknown. In this study, serum alkaline phosphatase (ALP),
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) levels were measured to assess hepatic function; histo-
pathological and immunohistochemical observations were used
to evaluate pathological and specific molecular changes in liver
tissue and flow cytometry was used to detect the apoptosis in
cultured hepatic stellate cells (HSCs), the major fibrogenic cells
in the liver; PCR and western blot analysis were employed to
evaluate the changes in the expression of molecules and signaling
pathways. We demonstrate that curcumin alleviates alcohol-
induced hepatic fibrosis by affecting the HSCs. We found that
the administration of curcumin inhibited alcohol-induced HSC
proliferation and even induced HSC apoptosis by stimulating
endoplasmic reticulum (ER) stress. We also found that by
suppressing the transforming growth factor-f3 (TGF-f3)/Smad
signaling pathway, the administration of curcumin impaired the
production of extracellular matrix proteins in alcohol-stimulated
HSCs. These results indicate that curcumin exerts its hepato-
protective effects against alcohol-induced hepatic fibrosis by
inhibiting the proliferation and inducing the apoptosis of HSCs
by stimulating ER stress and deactivating HSCs by suppressing
the TGF-f/Smad signaling pathway.

Introduction

Various diseases, including hereditary hepatic metabolic disor-
ders, hepatic viral infection, autoimmune disorder, as well as
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chemical agents, such as alcohol can lead to hepatic injury. As
a result of alcohol addiction, long-term alcohol consumption
becomes one of the leading causes of chronic hepatic disease (1).
It has been reported that the risk of developing hepatitis and
hepatic fibrosis increases significantly if an individual ingests
alcohol everyday (60-80 g for males and 20 g for females) in over
an extented period of time (2). As the prequel to cirrhosis, hepatic
fibrosis is characterized by excessive extracellular matrix (ECM)
generation, which impairs normal hepatic function (3). There
are positive correlations between hepatic fibrosis and hepatic
cirrhosis/hepatic cellular carcinoma (HCC), which are the
leading causes of mortality in patients with liver diseases (4).

In response to hepatic damage, hepatic stellate cells (HSCs),
which take charge of hepatic ECM secretion and deposition, are
often activated (5). The activation of HSCs is characterized by
the transformation of HSCs from a quiescent to a proliferative
and profibrogenic state (6). It is believed that activated HSCs
are the main source of collagen and tissue inhibitors of metal-
loproteinase (TIMPs) during hepatic fibrosis (7). Although
multiple factors may participate in HSC activation, including
growth factors, inflammatory factors and free radicals, evidence
strongly suggests an association with the transforming growth
factor-f (TGF-P) signaling pathway (8). The TGF-f3/Smad
signaling pathway is activated by TGF-f binding to its recep-
tors located on the cell membrane. The downstream proteins,
namely Smad2 and Smad3, are activated by phosphoryla-
tion (9), which further promotes the transcription of genes
conducting ECM protein synthesis (10). Additionally, in this
progress, another Smad protein, Smad7, acts as the inhibitor
of the TGF-f/Smad signaling pathway through its ubiquitin-
proteasome degradation activity (11).

Since ancient times, herbal medicine has been used in China
and India. Some effective ingredients extracted from herbs, such
as baicalein, emodin, ginsenoside and curcumin have become
hot research topics due to their efficacy against diseases, such
as inflammatory diseases, cancer, viral infections, ischemia
and chronic hepatic disease (12-15). Curcumin, also known
as 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione, is an important phytochemical extracted from a herbal
plant known as turmeric (Curcuma longa Linn.). Curcumin
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possesses a variety of biological properties, including antioxi-
dant, anti-carcinogenic and anti-inflammatory properties (16).
The hepatoprotective effects of curcumin against hepatic
fibrosis have previously been demonstrated (17). Furthermore,
it has been demonstrated that the mechanisms of action of
curcumin in inhibiting hepatic fibrosis correlate with the inhi-
bition of the TGF-f/Smad signaling pathway (18). However,
to the best of our knowledge, the majority of studies on the
anti-fibrotic effects of curcumin have been based on carbon
tetrachloride-induced hepatic fibrosis, which does not mimic
the toxicity of alcohol specifically. Moreover, there are limited
studies available that have focused on the effects of curcumin
on HSCs incubated in alcoholic conditions; these cells may be
one of the critical mechanisms through which curcumin exerts
its effects against hepatic fibrosis.

In the present study, we assessed and investigated the
capacity and possible mechanisms of action of curcumin
in alleviating alcohol-induced hepatic fibrosis in rats.
Additionally, an in vitro investigation was also conducted to
evaluate the effects of curcumin on the alcohol-induced activa-
tion of rat HSCs. Curcumin may be considered as a possible
therapeutic target in alcohol-induced hepatic fibrosis.

Materials and methods

Animal grouping and treatment. Thirty male Sprague-Dawley
(SD) rats (6 weeks old; mean body weight, 205+25 g) purchased
from the Animal Experimental Center of Xi'an Jiaotong
University, Xi'an, China were used in this study. The animals
were raised in separate polypropylene cages for 1 week prior to
treatment under controlled conditions (artificial 12/12 h-cycle;
mean temperature of 22+1°C; humidity at 65+4%). The animal
experimental procedures were carried out strictly in accordance
with the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health (NIH) and approved by the
Medical Animal Research Ethics Committee of Xi'an Jiaotong
University. The rats were divided into 3 groups evenly and
randomly, including a control group (Ctrl, n=10), alcohol group
(Alc, n=10) and alcohol + curcumin group (Alc + Cur, n=10).
Hepatic fibrosis was induced by the oral administration of
alcohol as described in a previous study (19). Rats in the Alc
group received an oral administration of ethanol solution
[30% v/v, intragastric (i.g.), 10 ml/kg/day] for 4 weeks; rats in the
Alc + Cur group received an oral administration of ethanol solu-
tion (30% Vv/v,i.g., 10 ml/kg/day) for 4 weeks and then curcumin
solution [suspended in phosphate-buffered saline (PBS), i.g.,
200 mg/kg, 300 mg/kg body weight) for 12 weeks (20).

Assessment of hepatic function. Whole blood sample from rats
were collected by femoral artery puncture when the rats were
sacrificed by an overdose of chloral hydrate by intraperitoneal
injection (10% v/v). The samples were delivered to the Clinical
Laboratory at the The First Affiliated Hospital of Medical
College, Xi'an Jiaotong University. The activities of alkaline
phosphatase (ALP), aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) in serum were detected using
an enzyme coupling rate method.

Histopathological and immunohistochemical evaluation.
Immediately after harvesting, hepatic tissue was fixed by neutral
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buffered formalin (10% v/v, pH 7.4), embedded in paraffin and
then sectioned at a thickness of 4 ym. Tissue slices were stained
with fibrosis-specific staining, Sirius red staining, in accordance
with the protocols described in previous studies (21,22). The
prepared sections were also subjected to immunohistochemical
staining by incubation with antibodies against a-smooth muscle
actin (a-SMA) and collagen-I (Coll-I) (both from Abcam,
Cambridge, UK). After images were acquired, the quantification
of the positively stained areas expressed as optical density (OD)
was performed using ImagelJ software (version 1.43b; NIH,
Bethesda, MD, USA).

Cell culture and treatments. HSCs were isolated from the
livers of the SD rats (body weight, 101+7 g). The isolation
procedures were implemented following previously described
protocols (23). The purity of the isolated HSCs was evaluated by
immunohistochemistry using antibody against desmin (Abcam)
and intrinsic vitamin A autofluorescence under a phase-contrast
microscope (Model CH20; Olympus, Tokyo, Japan). Cell
viability was evaluated by trypan blue exclusion assay. Cell
purity and viability exceeded 90%. The cells were maintained
in culture flasks (Corning, Inc., Corning, NY, USA) containing
minimum essential medium (MEM) supplemented with 5%
fetal calf serum (FCS) (both from Gibco, Carlsbad, CA, USA),
1% non-essential amino acid (NEA; HyClone, Logan, UT, USA)
and penicillin-streptomycin (100 U/ml; Invitrogen, Carlsbad,
CA, USA) in a humidified atmosphere of 5% CO, at 37°C. After
being washed with sterilized PBS, the cells were subcultured
after trypsinization twice per week. The effects of curcumin on
the HSCs were investigated by pre-treatment with curcumin at
serial concentrations (0, 10, 20, 30,40, 50 and 60 pmol/l). Equal
amounts of cells were assigned to the Ctrl, Alc and Alc + Cur
groups. Cells in the Alc + Cur group were treated with ethanol
(50 mmol/l; Sigma-Aldrich (St. Louis, MO, USA) for 24 h and
then treated with curcumin (50 mmol/l; Sigma-Aldrich) for
a further 24 h; cells in the Alc group were only treated with
ethanol for 24 h. The cells were then cultured in a humidified
atmosphere of 5% CO, at 37°C for 24 h.

Cell viability assay. A colorimetric 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used
to assess the cell viability in the present study. Briefly, cells from
each group planted in a 96-well culture plate (Corning, Inc.) for
24 h were washed with sterilized PBS and then incubated with
MTT (5 mg/ml; Sigma-Aldrich) for 4 h. After being washed
with sterilized PBS, the cells were then dissolved in dimethyl
sulfoxide (DMSO; Sigma-Aldrich). The absorbance value
at 450 nm was read using a 96-well plate reader (Bio-Rad,
Hercules, CA, USA). The ratio of the number of viable cells in
the experimental wells to the control wells was used to express
the results of cell viability.

Assessment of cell apoptosis. Cell apoptosis was evaluated
by flow cytometry. Cells at a density of 5x10° cells/well in
each group were collected for the analysis of apoptosis by
V-FITC and propidium iodide (PI) (both from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) double staining
using a flow cytometer (FACSCalibur; BD Biosciences,
Franklin Lakes, NJ, USA) in accordance with the protocol
described in a previous study (24).
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Figure 1. Effects of curcumin on hepatic function and fibrogenesis in rats with alcohol-induced hepatic fibrosis. (A) Ddetected levels of serum alkaline
phosphatase (ALP), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in the rats from the control group (Ctrl), alcohol group (Alc) and
alcohol + curcumin group (Alc + Cur). Enzymatic activities of ALP, ALT and AST are presented as columns and as the means =+ standard deviation (SD).
(B) Captured images and quantification of Sirius red staining and immunohistochemical staining for collagen-I and a-smooth muscle actin (a-SMA) in the sec-
tions from the liver tissue in the Ctrl, Alc and Alc + Cur groups. The letter ‘a’ indicates significant differences compared to Ctrl; the letter ‘b’ indicates significant

differences compared to Alc group. “P<0.05 and "P<0.01.

Real-time reverse transcription-polymerase chain reac-
tion (PCR). From both rat hepatic tissue and cultured HSCs,
total RNA was extracted using the RNAfast 200 kit (Fastagen
Biotech Co., Ltd., Shanghai, China) then reverse transcrip-
tion was performed using the PrimeScript RT reagent kit
(Takara Bio, Inc., Shiga, Japan). SYBR Premix Ex Taq™ II
(Takara Bio, Inc.) was used to perform real-time PCR and
the results were then detected using a PRISM 7500 real-time
PCR detection system (Applied Biosystems, Foster City,
CA, USA). Oligonucleotide primers for a-SMA, collagen-I,
TGF-p1, fibronectin, Smad7 and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were synthesized by Takara Bio, Inc.
Relative mRNA expression levels were calculated by Acycle
threshold (ACt = Ctyy e -Ctgappn) and GAPDH was introduced
as an internal reference gene.

Western blot analysis. Both the rat hepatic tissue and cultured
HSCswerehomogenized using lysis buffer (40 mmol/l Tric-HCI,
150 mmol/l KCI, 1 mmol/l EDTA, 100 mmol/l NaVO,;,
1% Triton X-100) with PMSF (1 mmol/lI; Santa Cruz
Biotechnology, Inc.). After concentration detection using the

BCA protein assay kit (Santa Cruz Biotechnology, Inc.), 50 ug
protein sample were separated by vertical sodium dodecyl
sulfate-polyacrylamide gel (10 or 8%) electrophoresis and then
transferred onto PVDF membranes which were subsequently
blocked in defatted milk [5%, dissolved in Tris-buffered saline
with Tween-20 (TBST) buffer] to block non-specific binding.
Immunoblots were then detected using specific antibodies
against collagen-I, fibronectin, a-SMA, TGF-f1 and prolifer-
ating cell nuclear antigen (PCNA) (all purchased from Abcam),
Smad3, phospho-Smad3, Smad7 (all from Cell Signaling
Technology, Danvers, MA, USA), glucose-regulated protein-78
(GRP-78), CCAAT/enhancer-binding protein homologous
protein (CHOP) (both from Abcam) and GAPDH (Santa
Cruz Biotechnology, Inc.). After the unbounded antibodies
were washed with TBST-Tween-20 (0.02%), the membranes
were incubated with antibody conjugated to HRP (Santa Cruz
Biotechnology, Inc.) for 2 h at 37°C. Finally, the immunoblots
were visualized and determined using ECL western blotting
detection reagent (Amersham Pharmacia Biotech, Piscataway,
NIJ, USA). ImageJ software (version 1.43b; NIH) was then used
to determine and quantify the density of the bands.
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Figure 2. Effects of curcumin on alcohol-stimulated hepatic stellate cell (HSC) proliferation and endoplasmic reticulum (ER) stress. (A) Results of MTT assay.
The inhibitory effects of curcumin on HSC proliferation were concentration-dependent. (B) Apoptosis of HSCs in the control group (Ctrl), alcohol group (Alc)
and alcohol + curcumin group (Alc + Cur). The apoptosis percentage is presented as columns as the means + standard deviation (SD). (C) Immunoblots of prolif-
erating cell nuclear antigen (PCNA), glucose-regulated protein-78 (GRP-78), CCA AT/enhancer-binding protein homologous protein (CHOP) and glyceraldehyde

3-phosphate dehydrogenase (GAPDH) in the HSCs from the Ctrl, Alc and Alc

in the HSCs in the Ctrl, Alc and Alc + Cur groups. Bars represent the mean + standard deviation (SD). The letter ‘a
“P<0.05 and *P<0.01.

to Ctrl; the letter ‘b’ indicates significant differences compared to Alc group.

Statistical analysis. Data collected in this study are expressed
as the means + standard deviation (SD). All statistic analyses
were performed using SPSS software (version 15.0; SPSS Inc.,
Chicago, IL, USA). Differences in parameters among the
groups were analyzed by one-way analysis of variance
followed by the Nweman-Keuls post-hoc test. Differences
were considered statistically significant with P-values <0.05.

Results

Curcumin alleviates alcohol-induced hepatic functional
damage and fibrosis in vivo. The administration of alcohol for
4 weeks significantly impaired hepatic function, which was
evidenced by the marked increase in serum ALP, ALT and AST
levels in the Alc group compared with the Ctrl group (Fig. 1).
By contrast, treatment with curcumin (Alc + Cur group)
resulted in a marked decrease in the serum levels of AST and
ALT compared with the Alc group. The therapeutic effects
of curcumin against hepatic fibrosis were then examined by
histopathological and immunohistochemical staining. Sirius
red staining was used to stain hepatic collagen fiber. The
optical densities of the positively stained areas in Sirius red
staining, and collagen-I staining increased significantly in the
Alc group compared with the Ctrl group. However, following
treatment with curcumin, the densities of the positively stained

+ Cur groups. (D) Relative protein expression levels of PCNA, GRP-78 and CHOP
* indicates significant differences compared

areas in collagen-I and Sirius red staining decreased signifi-
cantly in the Alc + Cur group compared with the Alc group.
Moreover, stimulation with alcohol induced a significant
increase in the density of a-SMA-positive staining, which
suggests the activation of the HSCs in the Alc group compared
with the Ctrl group. The inhibitory effects of curcumin against
HSC activation were demonstrated by the marked decrease in
the density of a-SMA-positive staining in the Alc + Cur group.

Curcumin inhibits HSC activation by suppressing HSC prolif-
eration and inducing apoptosis through the enhancement of
endoplasmic reticulum (ER) stress in vitro. The proliferation of
the HSCs was promoted by incubation with alcohol as evidenced
by the observation of the increased expression of PCNA (Fig. 2).
Following pre-treatment with serial concentrations of curcumin,
the proliferation of the alcohol-stimulated HSCs was inhibited,
as evidenced by the decrease in cell viability and the decreased
PCNA expression. The results from MTT cell viability assay
indicated that treatment with curcumin at a concentration of
50 uM markedly inhibited the proliferation of the alcohol-stim-
ulated HSCs. Furthermore, treatment with curcumin markedly
increased the apoptosis of the alcohol-stimulated HSCs through
ER stress signaling, which was evidenced by the elevated
apoptotic rate detected by flow cytometry and the increased
expression of GRP-78 and CHOP.
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Figure 3. Effects of curcumin on fibrogenesis and activation of alcohol-stimulated hepatic stellate cells (HSCs). (A) Immunoblots of a-smooth muscle actin
(a-SMA), collagen-I (Coll-I), fibronectin and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in the HSCs from the control group (Ctrl), alcohol group
(Alc) and alcohol + curcumin group (Alc + Cur). (B) Quantification of relative mRNA expression of a-SMA, collagen-I and fibronectin in HSCs by polymerase
chain reaction (PCR) from the Ctrl, Alc and Alc + Cur groups. (C) Quantification of relative protein expression of a-SMA, collagen-I and fibronectin. The letter
‘a’ indicates significant differences compared to Ctrl; the letter ‘b’ indicates significant differences compared to Alc group. 'P<0.05 and “P<0.01.
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Figure 4. Effects of curcumin on the transforming growth factor-f (TGF-f)/Smad signaling pathway in alcohol-stimulated hepatic stellate cells (HSCs).
(A) Immunoblots of TGF-f1, p-Smad3, Smad7 and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in the HSCs from the control group (Ctrl), alcohol
group (Alc) and alcohol + curcumin group (Alc + Cur). Quantification of these immunoblts is shown in (C); columns represent the mean + standard deviation
(SD). (B) Relative mRNA expression of TGF-f1 and Smad7 in HSCs from the Ctrl, Alc and Alc + Ctrl groups by polymerase chain reaction (PCR). The letter ‘a’
indicates significant differences compared to Ctrl; the letter ‘b’ indicates significant differences compared to Alc group. "P<0.05 and “P<0.01.

Curcumin deactivates HSCs and impaires the expression of
collagen-1 and fibronectin in alcohol-stimulated HSCs in vitro.
The expression of a-SMA, collagen-I and fibronectin at both
the transcriptional and translational levels markedly increased
following incubation of the cells with alcohol (Fig. 3). However,
following the administration of curcumin, the mRNA and
protein expression of a-SMA, collagen-I and fibronectin mark-
edly decreased.

Curcumin deactivates the TGF-3 signaling pathway. The
protein expression of TGF-f and phosphorylated Smad3
markedly increased, while that of Smad7 markedly decreased
following the administration of alcohol in the HSCs (Fig. 4).
However, following treatment with cucumin (Alc + Cur group),

the TGF-f signaling pathway was markedly inhibited, which
was reflected by the increased expression of Smad7 and the
decreased expression of TGF-f and phosphorylated Smad3
compared with the Alc group. Compared with the Alc group,
Smad7 expression increased, while that of TGF-f and phos-
phorylated Smad3 markedly decreased in the isolated HSCs
treated with curcumin.

Discussion

As one of the hepatotoxic agents, alcohol abuse results in liver
damage, which eventually leads to progressive and chronic
hepatic fibrosis, a process through which excessive collagen-
rich ECM is generated to replace normal hepatic tissue (15).
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Hepatic fibrosis progresses and develops into hepatic cirrhosis,
whose association with hepatic failure, hepatocellular carci-
noma and portal hypertension has been confirmed (25). The
progression of hepatic fibrosis into cirrhosis may be reversible
during the early stages (26), thus preventing chronic liver
disease.

Curcumin, also referred to as diferuloylmethane, is
extracted from the rhizome of Curcuma longa Linn. which as
long been used in Chinese and Indian traditional medicine (27).
Curcumin has attracted the attention of researchers due to its
potential therapeutic effects in the treatment of carcinomas,
inflammation, asthma, diabetes and hepatic failure (28). Studies
have reported that curcumin attenuates the development of liver
fibrosis in various animal models (29,30). In the present study,
we demonstrate the hepatoprotective effects of curcumin in a
rat model of hepatic fibrosis induced by the oral administra-
tion of alcohol. We demonstrate that curcumin alleviates the
alcohol-induced loss of hepatic function. Furthermore, our
results demonstrated that curcumin reduced collagen genera-
tion in hepatic tissue, which was stimulated following the
administration of alcohol. These results from our in vivo study
suggest and confirm that curcumin mitigates alcohol-induced
hepatic fibrosis.

It is believed that HSCs are the major source of the compo-
nents of the ECM, including collagen, fibronectin and other
matrix proteins contributing to the genesis and development of
hepatic fibrosis (31). HSCs in a quiescent state are activated by
hepatic injury which is induced by a number of agents, including
alcohol. In such circumstances, activated HSCs are character-
ized by proliferation, contractility and fibrogenesis, which are
marked by the increased expression of a-SMA, according to
both in vivo and in vitro studies (32,33). In this study, the obser-
vation of the decreased hepatic a-SMA expression following
treatment with curcumin in rats administered alcohol suggests
that the deactivation of HSCs plays an important role in the
hepatoprotective effects of curcumin against fibrosis.

Thus, the deactivation and inhibition of HSCs has become
a critical and potential therapeutic target in the treatment of
hepatic fibrosis. The ER is a cell organelle conducting protein
folding and handling calcium homeostasis (34). ER stress occurs
in response to harmful stimuli. Prolonged and overwhelming
ER stress activates the downstream apoptotic pathway through
the activation of pro-apoptotic molecules, such as CHOP (35).
Our data revealed that the proliferation of HSCs was stimulated
following incubation of the cells with alcohol, as evidenced by
the increased expression of PCNA and increased cell viability
(MTT assay). We also demonstrated that curcumin induced
the apoptosis of the alcohol-stimulated HSCs, which resulted
in the inhibition of proliferation. The expression of GRP-78,
a molecular marker of ER stress (36), and CHOP increased
significantly following treatment with curcumin in the alcohol-
stimulated HSCs. These results suggest that curcumin inhibits
the proliferation and induces the apoptosis of alcohol-stimu-
lated HSCs by activating ER stress.

It is believed that TGF-f3 is among the most potent cytokines
that initiate the generation of myofibrobalsts (37). Studies have
demonstrated that the activation of the TGF-f/Smad signaling
pathway is responsible for the progression of hepatic fibrosis
following liver injury (38). TGF-f} stimulates its downstream
Smad proteins through tansmembrane receptors, and the
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transcriptions of several genes that encode ECM components,
such as collagen and fibronectin are then activated (39). In this
study, an in vitro experiment was implemented to investigate
the effects of curcumin on the TGF-/Smad signaling pathway
in an animal model of alcohol-induced hepatic fibrosis. As
expected, this signaling pathway was activated following the
administration of alcohol, but was then inhibited following
treatment with curcumin. Furthermore, TGF-f/Smad signaling
seems indispensible in transforming HSCs from a quiescent
state to an active one (40). TGF-p induces the phosphorylatoin
and nuclear translocation of Smad2 and Smad3 in HSCs (41).
Additionally, it has been demonstrated that the activation of
Smad3 is more important than that of Smad?2 in the morpho-
logical and functional maturation of fibrogenic cells (39). It has
been suggested that Smad7, another Smad protein, acts as an
inhibitor of TGF-f/Smad signaling by abrogating the effects
of TGF-f1 (42). In this study, the downregulation of Smad7
with the upregulation of TGF-B1 and phosphorylated Smad3
was observed in the alcohol-stimulated HSCs, suggesting that
the HSCs were activated by alcohol. By contrast, following
the administration of curcumin, the TGF-f/Smad signaling
pathway was inhibited in the alcohol-stimulated HSCs, as char-
acterized by the upregulation of Smad7 and the downregulation
of TGF-B1 and phosphorylated Smad3 expression, resulting
in the impairment of collagen-I and fibronectin synthesis and
secretion in the activated HSCs.

In conlcusion, the data from the present study indicate that
curcumin exerts hepatoprotective effects against the develop-
ment of alcoloho-induced hepatic fribosis by inhibiting the
proliferation and promoting the apoptosis of HSCs. These
effects are mediated through the activation of ER stress and the
suppression of the TGF-3/Smad signaling pathway.
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