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Abstract
BACKGROUND
[bookmark: _Hlk35553799][bookmark: _Hlk35553769][bookmark: _Hlk35553692]Liver fibrosis is a common health problem worldwide and there is still a lack of effective medicines. The Chinese herbal medicine, Gan Shen Fu Fang (GSFF) is composed of salvianolic acid B and diammonium glycyrrhizinate. In this study, we observed the effects of GSFF on liver fibrosis in vivo and in vitro in an attempt to provide some hope for the treatment.

AIM 
To observe the effects of GSFF on liver fibrosis in vivo and in vitro and investigate the mechanism from the perspective of the inflammatory response and extracellular signal-regulated kinase (ERK) phosphorylation.

METHODS
Common bile duct-ligated rats were used for in vivo experiments. Hepatic stellate cells-T6 (HSC-T6) cells were used for in vitro experiments. Hematoxylin and eosin staining and Masson staining, biochemical assays, hydroxyproline (Hyp) assays, enzyme-linked immunoasorbent assay and western blotting were performed to evaluate the degree of liver fibrosis, liver function, the inflammatory response and ERK phosphorylation. The CCK8 assay, immunofluorescence and western blotting were applied to test the effect of GSFF on HSC-T6 cell activation and determine whether GSFF had an effect on ERK phosphorylation in HSC-T6 cells.

RESULTS
GSFF improved liver function and inhibited liver fibrosis in common bile duct-ligated rats after 3wk of treatment, as demonstrated by histological changes, hydroxyproline assays and collagen I concentrations. GSFF alleviated inflammatory cell infiltration and reduced the synthesis of pro-inflammatory cytokines [tumor necrosis factor-α (TNF-α) and interlukin-1β] and NF-κB. In addition, GSFF decreased ERK phosphorylation. In vitro, GSFF inhibited the viability of HSC-T6 cells with and without transforming growth factor β1 (TGF-β1) stimulation and decreased the synthesis of collagen I. GSFF had the greatest effect at a concentration of 0.5 μmol/L. GSFF inhibited the expression of α-smooth muscle actin (α-SMA), a marker of HSC activation, in HSC-T6 cells. Consistent with the in vivo results, GSFF also inhibited the phosphorylation of ERK and downregulated the expression of NF-κB.

CONCLUSION
GSFF inhibited liver fibrosis progression in vivo and HSC-T6 cell activation in vitro. These effects may be related to an alleviated inflammatory response and downregulated ERK phosphorylation.
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Core tip: Liver fibrosis results from various kinds of chronic liver diseases and there is no specific treatment so far. Inflammatory response and extracellular signal-regulated kinase cascade play an important role in liver fibrosis development and progression. In this study, we observed the effects of herbal medicine, Gan Shen Fu Fang (GSFF) on liver fibrosis in vivo and in vitro. The results indicate that GSFF alleviates liver fibrosis progression in vivo and inhibits HSC-T6 activation in vitro, which may be related with inhibited inflammatory response and downregulated extracellular signal-regulated kinase phosphorylation. GSFF may provide hope for liver fibrosis treatment.


INTRODUCTION
Liver fibrosis, characterized by the excessive deposition of extracellular matrix (ECM), is the common result of various kinds of chronic liver diseases (chronic viral hepatitis, alcoholic hepatitis, nonalcoholic fatty liver disease, etc.). Liver fibrosis progresses and ultimately leads to liver cirrhosis. Cirrhosis is characterized by the replacement of normal liver with fibrous septa, which disrupts the normal liver architecture and causes the formation of numerous abnormal nodules. Liver cirrhosis can induce severe consequences, such as ascites, splenomegaly, collateral circulation formation, and even upper gastrointestinal bleeding that can lead to death[1]. Therefore, exploring the mechanism of liver fibrosis and developing effective and safe anti-fibrosis medicines remains a research focus.
Hepatic stellate cells (HSCs), which are located in the disse space, are a kind of nonparenchymal cell. HSCs maintain a quiescent phenotype as fat-storing cells in the body[2]. Once the liver is injured, HSCs undergo dramatic phenotypic transformation. HSCs become activated and trans-differentiate into myofibroblasts, which are characterized by increased cell proliferation, survival, α-SMA expression, and ECM production (including collagen I, collagen III and fibronectin)[3]. Thus, activation of HSCs is a central event in liver fibrosis[4,5]. Inflammation is present in virtually all patients with liver fibrosis and correlated with fibrosis progression. The chronic inflammatory response is believed to sustain chronic liver disease progression[6,7]. Inflammation has been demonstrated to activate quiescent HSCs into myofibroblasts through enhanced TGF-β signalling[8]. In addition, activated macrophages, which participate in the inflammatory response induced by aseptic or septic stimuli, release TGF-β to promote ECM synthesis by activated HSCs[9]. Therefore, one strategy to alleviate liver fibrosis is regulation of the inflammatory response. NF-κB activation in macrophages and HSCs is a key precipitating factor that increases pro-inflammatory mediators, such as TNF-α and interlukin-1β. Such cytokines regulate inflammation, immune responses and cell survival in hepatic fibrosis[10,11].
The extracellular signal-regulated kinase (ERK) cascade, which is a critical MAPK signalling pathway, plays a major role in liver fibrogenesis. The extracellular signals that stimulate the ERK cascade include platelet-derived growth factor (PDGF), TGF-β, epidermal growth factor (EGF), and reactive oxygen species (ROS)[12]. Once activated, the signal is transmitted through the sequential phosphorylation and activation of sequential kinases. The phosphorylation of hundreds of substrates results in the induction of several extracellular signal-regulated kinase1/2(ERK1/2)-dependent processes. In liver fibrosis, the ERK cascade is strongly related to HSC activation and has been shown to lead to the increased proliferation and survival of HSCs[13,14], synthesis of ECM[15], and plays pro-inflammatory, immune-modulatory[7], and pro-angiogenic roles[16]. Therefore, drugs and strategies designed to target the ERK1/2 signalling pathway provide hope for anti-fibrotic treatment.
Gan Shen Fu Fang (GSFF) (previously named Glytan), a Chinese herbal medicine, is composed of salvianolic acid B (SA-B) and diammonium glycyrrhizinate (DG). SA-B is extracted from Salvia miltiorrhiza and DG is from liquorice. Salvia miltiorrhiza and liquorice are commonly used herbal medicines in China. The molecular formulas of both SA-B and DG have been established. Previous studies on GSFF focused on its role in portal hypertension[17]. We have shown that GSFF could reduce portal pressure and portal territory blood flow and increase mean arterial pressure and splanchnic vascular resistance in common bile duct-ligated (CBDL) rats[18]. Because of GSFF’s significant effect on decreasing portal pressure, clinical trial was approved by the FDA of China in 2015. During pre-clinical experiment, we found that GSFF could inhibit pseudo-lobule formation, restore the fenestrae of liver sinusoidal endothelial cells and reverse hepatic sinusoid capillarization in CBDL rats. Therefore, in this study, we aimed to observe the effects of GSFF on liver fibrosis in vivo and in vitro and explore whether GSFF-mediated alleviation of liver fibrosis is related to inflammation and the ERK signalling pathway.

MATERIALS AND METHODS
Animals
For the animal experiment, male Sprague-Dawley (SD) rats (SPF, Biotechnology Co., Ltd., Beijing, China) weighing 250-280 g were randomly divided into 3 groups: sham group, CBDL group, and GSFF group. The rats underwent sham surgery or common bile duct ligation. The common bile ducts were exposed and ligated twice. The segment between the two ligations was resected, and the abdomen was sutured. The common bile ducts of sham rats were exposed but did not undergo ligation or resection. All experimental procedures were conducted in accordance with the guidelines for the use of experimental animals and were approved by the Institutional Review Committee on Animal Care and Use at the Experimental Animal Centre of Beijing University of Chinese Medicine [certificate of conformity: SCXK (2012-0001)].
SA-B (115939-25-8, purity ≥ 98%, Aladdin Biochemical Technology Co., Ltd.) and DG (s101148, purity ≥ 98%, Nature Standard Technical Service Co., Ltd.) were used at a ratio of 1:1. Before use, SA-B and DG were diluted with distilled water. After 1 wk of CBDL, rats in the GSFF group were treated with GSFF (25 mg/kg/d) by gavage. The dosage of GSFF depended on previous pharmacokinetic experimental results[18]. Rats in the sham and CBDL groups were administered the same amount of distilled water. The rats were sacrificed at 2 and 4 wk. Liver, spleen and body weights were recorded and used to calculate the liver and spleen coefficients as follows: Liver or spleen coefficient = liver or spleen weight/body weight. Liver tissues and blood were collected for subsequent analysis.

HSC-T6 cell culture and treatment
The HSC-T6 rat HSC line (purchased from Kunming Cell Bank, Chinese Academy of Sciences) was cultured in high-glucose DMEM containing 10% FBS at 37°C with 5%CO2. First, to observe the effect of GSFF on HSC-T6 cell viability, based on some previous studies[19,20], we chose and used a gradient of 6 concentrations, 0.03125, 0.0625, 0.125, 0.25, 0.5, and 1 μmol/L, to select the appropriate concentration of GSFF to inhibit HSC-T6 cell viability. Second, to further verify the effect of GSFF on HSC-T6 cell viability, HSC-T6 cells were stimulated with TGF-β1 (2 ng/mL, Peprotech, United States) for 1 h, and the cells were then treated with GSFF. Third, to evaluate the effect of GSFF on ERK, HSC-T6 cells were pre-treated with PDGF-BB (10 ng/mL, Peprotech) for 1 h and then incubated with the ERK antagonist PD98059 (50 μmol/L, Abmole) or 0.125, 0.25, or 0.5 μmol/L GSFF for 24 h. Cells were starved of serum for 12 h before stimulation.

Histologicaland biochemical analysis and hydroxyproline assay
Hematoxylin and eosin staining and Masson staining were performed according to our previous protocol[18]. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), and total bilirubin (TBIL) levels in the serum were measured using a commercial colorimetric kit (Randox Laboratories, Antrim, United Kingdom). The hydroxyproline (Hyp) content in the liver was measured with Hyp assay kits (Nanjing JianCheng, China). The Hyp content is expressed as micrograms of Hyp per milligram of wet liver weight.

Enzyme-linked immunoasorbent assay
The concentration of collagen I (Col. I) in the culture supernatant of HSC-T6 cells was analysed using a commercial enzyme-linked immunoasorbent assay kit (CSB-E09243r, S-ABC kit). The concentrations of TNF-α and IL-1β in the liver tissue were analyzed according to the manufacturer's protocol.

CCK-8 assay
The CCK-8 assay was performed to test cell viability. HSC-T6 cells were seeded in 96-well plates at 5 × 104 cells/mL. After 24 h, the cells were treated with different concentrations of GSFF for 24 h. Subsequently, 10 μL of CCK-8 reagent was added to each well, followed by incubation at 37°C for 2 h. To further observe the inhibitory effect of GSFF on HSC-T6 cell activation, HSC-T6 cells were stimulated with TGF-β1 (2 ng/mL) for 1 h as described before and then treated with 0.125, 0.25, or 0.5 μmol/L GSFF for 24h. The absorbance at 450 nm was measured with a microplate reader (Bio-Rad, United States).

Immunofluorescence to test α-SMA expression in HSC-T6 cells
Cells were seeded at a density of 2 × 105 cells/mL in laser confocal dishes. After 24 h, the HSC-T6 cells were stimulated with TGF-β1 for 1 h, and the cells were then treated with 0.125, 0.25, or 0.5 μmol/L GSFF for 24 h. The following day, the cells were fixed with 4% paraformaldehyde for 20 min. Then, the cells were treated with anti α-SMA antibody (1:50, a gift from Christine Chaponnier, Geneva University) overnight at 4°C and incubated for 1 h with a secondary antibody (Alexa Fluor-594 donkey-anti-rabbit IgG secondary antibody). Finally, nuclei were stained with DAPI (1:1000) for 2 min in the dark. Images were taken using a confocal microscope (Olympus Fv1000). The percentage of α-SMA-positive cells was determined using Image J software.

Western blot analysis
Col.I, NF-κB, ERK, and p-ERK protein expression levels were detected by western blotting as previously described[18]. In brief, liver samples or cell lysates were scraped in ice-cold lysis buffer. The protein content was quantified with a BCA protein assay reagent kit. Total liver and cell lysates were separated on 10% polyacrylamide gels by SDS-PAGE and transferred onto polyvinylidene difluoride membranes. After blocking in a 5% nonfat powdered milk solution or bovine serum albumin for 1 h, the membranes were incubated with primary antibodies overnight at 4°C. The following primary antibodies were used for western blotting: mouse anti-collagen I (ab90395, Abcam, United States, 1:4000), rabbit anti-rat monoclonal NF-κB (p65) (8242S, Cell Signaling, United States,1:4000), rabbit anti-rat monoclonal ERK (16443-1-AP, Proteintech Group, United States,1:4000), and rabbit anti-rat monoclonal phospho-p44/42 mitogen-activated protein kinase (Erk1/2) (4370S, Cell Signaling Technology, MA, United States, 1:6000). Then, the membranes were incubated with the appropriate secondary antibody for 2 h at room temperature. GAPDH (60004-1-Ig, Proteintech Group, United States, 1:40000) was used as an internal reference/control.

Statistical analysis
The experimental data were analysed using SPSS 22.0 statistical software, and the data are expressed as the mean ± SD. To compare differences in groups of data with a normal distribution and uniform variance, one-way ANOVA was used; if the data did not conform to a normal distribution or the variance was not uniform, a nonparametric test was used.  < 0.05 indicated a statistically significant difference.

RESULTS
GSFF decreased ALT, AST, and TBIL levels and the liver and spleen coefficients in CBDL rats
After 2 and 4 wk of CBDL, ALT, AST and TBIL were increased significantly in CBDL rats compared with sham rats, which indicated hepatocyte injury after cholestasis (Figure 1A-C). GSFF decreased ALT, AST and TBIL levels at 4 wk, but not at 2 wk (Figure 1A-C). In addition, GSFF reduced the liver and spleen coefficients at 2 and 4 wk (Figure 1D and E).

GSFF alleviated liver fibrosis and the inflammatory response in CBDL rats at 2 and 4 wk
Hematoxylin and eosin staining showed a normal liver structure and hepatic cords arranged radially around the central vein in rats in the sham group (Figure 2A). After 2 wk, the proliferation of small bile ducts in CBDL rats was clearly observed. In addition, many fibroblasts and inflammatory cells had infiltrated to the area around the newly proliferated bile ducts. After 4 wk, with the progression of cholestasis, bile duct proliferation in CBDL rats was more severe, and a destroyed histological structure, the infiltration of a large number of inflammatory cells and fibrotic septa formation were observed. The increased inflammatory response was also confirmed by increased production of the cytokines TNF-α and IL-1β (Figure 2D and E). Masson staining indicated the extensive proliferation of fibrotic tissue in CBDL rats after 2 and 4 wk (Figure 2A and B). Particularly at 4 wk, the fibrotic tissue was linked, and the normal liver structure had been destroyed. Compared with CBDL rats, GSFF-treated rats showed alleviated bile duct proliferation, reduced inflammatory cell infiltration and TNF-α and IL-1β synthesis, and decreased fibrotic tissue accumulation after 2 and 4 wk of CBDL. Consistent with the results of Masson staining, the Hyp concentration was increased after 2 and 4 wk of CBDL, and GSFF reduced Hyp synthesis (Figure 2C).

GSFF inhibited HSC-T6 cell viability and collagen synthesis
Treatment with 0.03125, 0.0625, 0.125, 0.25, 0.5, and 1 μmol/L GSFF for 24 h had an obvious inhibitory effect on the viability of HSC-T6 cells (Figure 3A). From this result, we identified the following two points. First, GSFF at a concentration from 0.03125 to 0.5 μmol/L had a substantial dose-dependent inhibitory effect. In particular, the dose-dependent effect of GSFF at 0.125, 0.25, and 0.5μmol/L was evident (P < 0.001). Second, although 1 μmol/L GSFF also inhibited cell viability, the effect of GSFF at this dose was not as pronounced as that of GSFF at 0.5 μmol/L. We also tested the effect of GSFF at other doses (5 μmol/L, 10 μmol/L) and found that the inhibitory effect of GSFF was decreased with increasing dose (data not shown). Based on these results, GSFF at concentrations of 0.125, 0.25, and 0.5 μmol/L was selected for the following experiments. The enzyme-linked immunoasorbent assay results showed that 0.125, 0.25, and 0.5 μmol/L GSFF could inhibit their release of Col.I and that the effect of 0.5 μmol/LGSFF was most obvious (Figure 3B).
To further confirm the effect of GSFF on HSC-T6 cell activation, the groups of cells except the control cells were stimulated with TGF-β1. Cell viability and proliferation were significantly promoted by TGF-β1. Treatment with GSFF at 0.125, 0.25 and 0.5 μmol/L inhibited cell viability more than treatment with TGF-β1 alone (Figure 3C). Both Col. I synthesis and α-SMA expression were significantly increased after stimulation with TGF-β1 (Figure 3D-F), and GSFF could downregulate collagen synthesis and α-SMA expression, with the effect being most obvious at a concentration of 0.5 μmol/L.

GSFF reduced ERK phosphorylation and NF-κB expression in CBDL rats and HSC-T6 cells
NF-κB is an important mediator involved in the inflammatory responses of various organs. In this study, after 2 and 4 wk of CBDL, the level of NF-κB (p65) expression was increased in the CBDL rats, and GSFF inhibited NF-κB (p65) expression (Figure 4A and D).The levels of p-ERK were dramatically increased in the livers of CBDL rats. GSFF inhibited p-ERK expression at 2 and 4 wk (Figure 4A and B). Col. I synthesis was also examined by western blotting and found to be significantly increased after CBDL and inhibited by GSFF at 2 and 4 wk (Figure 4A and C).
[bookmark: _Hlk35552837]In vitro, GSFF inhibited ERK phosphorylation in HSC-T6 cells (Figure 4E and F). After stimulating the cells with PDGF-BB, ERK phosphorylation was increased and inhibited by PD98059 and GSFF, respectively (Figure 4H). GSFF also inhibited the expression of NF-κB (p65) in HSC-T6 cells (Figure 4E and G).

DISCUSSION
[bookmark: _Hlk28595250]Liver fibrosis, the result of most types of chronic liver diseases, is a common health problem worldwide. Though important progress has been made in basic research on liver fibrosis, there is still a lack of effective clinical medicines. In this study, we showed that the herbal medicine GSFF alleviated liver fibrosis and inhibited HSC-T6 cell activation, which were related to a decreased inflammatory response and reduced ERK phosphorylation.
First, GSFF was shown to inhibit liver fibrosis progression and attenuate cholestatic liver injury. Common bile duct ligation in rats or mice is a classic method to produce an animal model of liver fibrosis[21-23]. When bile was blocked within the livers of our model rats, hepatocytes underwent necrosis. To repair this injury, tissue damage and concomitant inflammation triggered fibrotic tissue proliferation and lead to excessive ECM accumulation, as evidenced by histological changes; increased serum ALT, AST, and TBIL levels; and increased Hyp content in the liver tissue after 2 and 4 wk of CBDL.
GSFF comprises two ingredients, SA-B and DG. SA-B was shown to inhibit liver fibrosis induced by CCl4[24]. DG was found to have prominent anti-inflammatory effects and improve liver function. Diammonium glycyrrhizin (DG, known as Gan Li Xin in China) is commonly used to treat chronic viral hepatitis. Hyp assays and Masson staining verified the anti-fibrotic effect of GSFF after 2 and 4 wk of treatment. GSFF decreased ALT, AST and TBIL levels at 4 wk but not at 2 wk. This may be because the 1-wk GSFF treatment time was too short. A longer 3-wk GSFF treatment time was long enough for GSFF to protect hepatocytes. In this study, we also found that the livers and spleens of CBDL rats were larger than those of the sham rats and had shrunk after GSFF treatment. Enlargement of the liver and spleen may have resulted from inflammatory congestion and cholestasis. 
Second, GSFF inhibited HSC activation, as indicated by their reduced viability and collagen synthesis. Activated HSCs experience structural and functional changes and are the main source of myoﬁbroblasts in liver fibrosis[25,26]. Functionally, activated HSCs acquire enhanced viability (hyper-proliferation, hyper-migration) and exhibit the increased secretion of ECM, which is very important in liver fibrosis formation and progression[27,28]. Because the effect of GSFF on HSCs had not been tested in vitro, we first designed a 6-concentration gradient of GSFF and used this concentration series to determine the dose of GSFF with an effect on HSC activation. GSFF at concentrations of 0.125, 0.25 0.5 μmol/L was selected for subsequent experiments. We found that 0.125, 0.25, and 0.5 μmol/L GSFF inhibited HSC-T6 cell viability and Col.I synthesis with and without stimulation by TGF-β1. In addition, the effect of GSFF was most pronounced at a concentration of 0.5 μmol/L. Zhang et al[29] found that SA-B (1 μmol/L) inhibited the expression of α-SMA and Col. I in human HSCs. However, in this study, though 1μmol/L GSFF (containing 0.5 μmol/L SA-B) could also inhibit HSC-T6 cell viability, GSFF at this concentration was not as effective as that at 0.5 μmol/L. We also tested higher doses of GSFF (5 μmol/L and 10 μmol/L), and the results showed no effect on cell viability. Therefore, we concluded that GSFF can be used at an appropriate range of doses to inhibit HSC viability and a higher dose did not mean a more pronounced effect. In addition, SA-B and DG may enhance each other’s effects when combined, so a lower dose of SA-B with DG had a satisfactory effect.
Third, the anti-fibrotic effect of GSFF may be related to an alleviated inflammatory response and reduced ERK phosphorylation. Liver fibrosis is considered an abnormal wound healing response fuelled by a vicious pathogenic circle of hepatocyte necrosis, inﬂammation and excessive ECM deposition[30]. Though inflammation is not a prerequisite for liver fibrosis[31], in most cases, a persistent inflammatory response is one of the main characteristics of liver fibrosis and participates in HSC activation and collagen synthesis[7,32,33]. GSFF could reduce inflammatory cell infiltration and decrease the release of pro-inflammatory cytokines (IL-1β and TNF-α) as well as NF-κB synthesis in vivo and in vitro. This finding is consistent with that of a previous study showing that SA-B inhibited IL-1β, IL-6, and TNF-α synthesis in a cholestatic liver injury rat model[34]. The ERK cascade is crucial for HSC activation. GSFF inhibited ERK phosphorylation in vivo and in vitro, which is also consistent with the results of a previous study[35]. GSFF also inhibited ERK phosphorylation in HSC-T6 cells stimulated with PDGF-BB in vitro.
In conclusion, the Chinese herbal medicine GSFF alleviates liver fibrosis and HSC-T6 cell activation through inhibiting the inflammatory response and ERK phosphorylation. This study focuses on only one mechanism. Further studies are still needed to analyse the mechanism of GSFF and determine why SA-B in combination with DG has a more pronounced effect than SA-B alone.

ARTICLEHIGHLIGHTS
Research background 
Liver fibrosis is a common healthy problem worldwide and there is still a lack of specific medicine. The Chinese herbal medicine，Gan Shen Fu Fang (GSFF) is composed of salvianolic acid B and diammonium glycyrrhizinate. In this study, we observe the effects of GSFF on liver fibrosis in vivo and in vitro in an attempt to provide some hope for the treatment.

Research motivation
During pre-clinical experiment, we found that GSFF could inhibit pseudo-lobule formation in common bile duct-ligated (CBDL) rats. However, the mechanisms remain unclear. Therefore, in this study, we aimed to observe the effects of GSFF on liver fibrosis in vivo and in vitro and determine whether GSFF-mediated alleviation of liver fibrosis is related to inflammation and the ERK signalling pathway.

Research objectives
The present study aimed to observe the effects of GSFF on liver fibrosis in vivo and in vitro and investigate the mechanism from the perspective of the inflammatory response and extracellular signal-regulated kinase (ERK) phosphorylation.

Research methods
CBDL rats were used for in vivo experiments. Hepatic stellate cells-T6(HSC-T6) cells were used for in vitro experiments. Hematoxylin and eosin and Masson staining, biochemical assays, hydroxyproline assays, enzyme-linked immunoasorbentassay and western blotting were performed to evaluate the degree of liver fibrosis, liver function, the inflammatory response and ERK phosphorylation. The CCK8 assay, immunofluorescence and western blotting were applied to test the effect of GSFF on HSC-T6 cell activation and determine whether GSFF had an effect on ERK phosphorylation in HSC-T6 cells.

Research results
GSFF improved liver function and inhibited liver fibrosis in CBDL rats after 3wk of treatment, as demonstrated by histological changes, hydroxyproline assays and collagen I concentrations. GSFF alleviated inflammatory cell infiltration and reduced the synthesis of pro-inflammatory cytokines (tumor necrosis factor-α and interlukin-1β) and NF-κB. In addition, GSFF decreased ERK phosphorylation. In vitro, GSFF inhibited the viability of HSC-T6 cells with and without transforming growth factor β1 stimulation and decreased the synthesis of collagen I. GSFF had the greatest effect at a concentration of 0.5 μmol/L. GSFF inhibited the expression of α-smooth muscle actin, a marker of HSC activation, in HSC-T6 cells. Consistent with the in vivo results, GSFF also inhibited the phosphorylation of ERK and downregulated the expression of NF-κB.

Research conclusions
GSFF inhibited liver fibrosis progression in vivo and HSC-T6 cell activation in vitro. These effects may be related to an alleviated inflammatory response and downregulated ERK phosphorylation.

Research perspectives
The definite anti-liver fibrosis effect and clear mechanism of GSFF provide hope for the treatment of liver fibrosis.
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Figure Legends
[image: ]Figure 1 Gan Shen Fu Fangdecreased serum levels of alanine aminotransferase, aspartate aminotransferase and total bilirubin in common bile duct-ligated rats and the liver and spleen coefficients (n=8).A: Alanine aminotransferase level; B: Aspartate aminotransferase level; C: Total bilirubin level; D:Liver coefficient; E: Spleen coefficient. The data are presented as the mean ± SD. bP < 0.01, eP < 0.001, compared with the sham group; cP < 0.05, compared with the 2W-CBDL rats; gP < 0.05, kP < 0.001, compared with the 4W-CBDL rat. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; CBDL: Common bile duct-ligated; GSFF: Gan Shen Fu Fang.
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Figure 2 Gan Shen Fu Fang inhibited liver fibrosis and alleviated the inflammatory response. A: Hematoxylin and eosin staining and Masson staining of the liver tissue; B: The collagen content was measured by quantitative histomorphometry; C: Hydroxyproline concentration in the liver; D and E: Tumour necrosis factor-α and IL-1β levels in the liver. The data are presented as the mean ± SD. bP < 0.01, eP < 0.001, compared with the sham group; cP < 0.05, dP < 0.01, compared with the 2W-CBDL rats; hP < 0.01, kP < 0.001, compared with the 4W-CBDL rats. HE: Hematoxylin and eosin; CBDL: Common bile duct-ligated; GSFF: Gan Shen Fu Fang; TNF-α: Tumor necrosis factor-α; IL-1β: Interleukin-1β; Hyp: Hydroxyproline.
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Figure 3 Gan Shen Fu Fang inhibited HSC-T6 cell viability and collagen synthesis. A and B: GSFF inhibited HSC-T6 cell viability and Col. I release; C and D: GSFF inhibited the viability and Col. I release of HSC-T6 cells stimulated with transforming growth factor β1 (TGF-β1); E and F: TGF-β1 promoted α-SMA expression in HSC-T6 cells, which was decreased by GSFF. The relative α-SMA content was measured by quantitative histomorphometry, and the results are shown in panel E. aP < 0.05, bP < 0.01, compared with the control cells. cP < 0.05, dP < 0.01,fP < 0.001, compared with cells stimulated with TGF-β1 only. GSFF: Gan Shen Fu Fang; TGF-β1: Transforming growth factor β1.
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[bookmark: _GoBack]Figure 4 Gan Shen Fu Fang reduced extracellular signal-regulated kinase phosphorylation and NF-κB expression in common bile duct-ligated rats and HSC-T6 cells. A-D: Liver tissue homogenates were subjected to immunoblotting as indicated. Representative bans and quantitative data are shown. n=4; E-G: HSC-T6 cells were not stimulated, and whole-cell lysates were used. Representative images and quantitative data are shown; H: HSC-T6 cells were stimulated with platelet-derived growth factor-BB to further evaluate the effect of GSFF on extracellular signal-regulated kinase phosphorylation. aP < 0.05, bP < 0.01, eP < 0.001, compared with control cells; cP < 0.05, dP < 0.01,fP < 0.001 compared with sham rats. gP < 0.05, hP < 0.01 compared with the 2W-CBDL rats; iP < 0.05, lP < 0.001, compared with the 4W-CBDL rats; nP <0.01, compared with cells stimulated with only platelet-derived growth factor-BB. PDGF: Platelet-derived growth factor; GSFF: Gan Shen Fu Fang; ERK: Extracellular signal-regulated kinase; CBDL: Common bile duct-ligated.
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