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Abstract

Hepatic macrophages are crucial for defending against infections 
and are involved in all stages of liver fibrosis. Osteopontin (OPN), a 
phosphorylated glycoprotein, also contributes to the progression 
of liver fibrosis. This study aimed to assess whether Ger-Gen-Chyn-
Lian-Tang (GGCLT) can reduce liver fibrosis by targeting M1 mac-
rophage-mediated inflammation and lowering OPN levels. Male 
C57BL/6 mice were assigned to either a sham-control group or a 
Bile Duct Ligation (BDL) group, with or without GGCLT treatment at 
doses of 30, 100, and 300 mg/kg. Plasma alanine Aminotransferase 
(ALT) levels were measured, and liver histopathology and other he-
patic parameters were analyzed. In vitro, RAW264.7 macrophages 
were preincubated with OPN siRNA before being treated with 
GGCLT and a high Concentration of Chenodeoxycholic Acid (CDCA). 
BDL mice showed elevated plasma ALT, increased Monocyte Che-
moattractant Protein-1 (MCP-1), enhanced macrophage infiltra-
tion, and higher levels of M1 macrophage-related inflammatory 
factors. Additionally, levels of OPN, Nuclear Factor Kappa B (NF-κB), 
Transforming Growth Factor-β (TGF-β), and α-Smooth Muscle Actin 
(α-SMA) were significantly elevated. GGCLT treatment at doses of 
100 and 300 mg/kg reduced these effects. Furthermore, OPN siRNA 
preincubation enhanced the ability of 30 μg/ml GGCLT to decrease 
CDCA-induced increases in TGF-β and M1 macrophage-related in-
flammatory factors in RAW264.7 cells. In summary, GGCLT allevi-
ated BDL-induced liver fibrosis by reducing M1 macrophage-driven 
inflammation through downregulation of OPN expression.

Keywords: Ger-Gen-Chyn-Lian-Tang; Bile duct ligation; Macro-
phage-mediated inflammation; Monocyte chemoattractant pro-
tein-1; Osteopontin
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Lian-Tang; TAA: Thioacetamide; α-SMA: α-Smooth Muscle Actin; 
ALT: Alanine Aminotransferase; IF stain: Immunofluorescence Stain; 
IHC stain: Immunohistochemical Stain; IFN-γ: Interferon-γ; CDCA: 
Chenodeoxycholic Acid; MMT: Macrophage-to-Myofibroblast Tran-
sition
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Introduction

Hepatic fibrosis manifests through an abundance of extra-
cellular matrix (ECM) deposition, activation of Hepatic Stellate 
Cells (HSCs), and portal fibroblasts, marking the conclusive 
route of chronic liver diseases [1]. Fibrotic changes within the 
liver are initiated by Kupffer cells (resident macrophages) or 
macrophages derived from monocytes, which can transition 
phenotypically, perpetuating an inflammatory phase that leads 
to the extensive release of proinflammatory cytokines [2,3]. 
Therefore, hepatic macrophages serve as the primary defenders 
against pathogens and play a crucial role throughout all stages 
of liver fibrosis, which are involved from the initial inflammation 
and fibrosis progression to the degradation of fibrillar collagens 
and the resolution of scars [4]. It is recognized that classically 
activated macrophages, known as M1 macrophages, play a vital 
role in triggering both acute and chronic inflammatory respons-
es. Therefore, activated hepatic macrophages and Kupffer cells 
are major producers of cytokines, releasing Tumor Necrosis 
factor-α (TNF-α), Interleukin-6 (IL-6), and IL-1β [5-7] via signal-
ing pathways dependent on the transcriptional factor Nuclear 
Factor-κB (NF-κB) [8]. These cytokines serve as significant stim-
uli for the initiation of fibrogenesis. Additionally, macrophages 
in the liver produce Transforming Growth Factor-β (TGF-β) and 
Platelet-Derived Growth Factor (PDGF) during fibrosis develop-
ment [9]. As a result, macrophages regulate functions of HSCs 
by secreting profibrogenic cytokines. In response, activated 
HSCs generate substantial amounts of ECM.    

Monocyte Chemoattractant Protein-1/CC Chemokine Li-
gand 2 (MCP-1/CCL2) acts as a potent attractant for monocytes 
and plays a role in the pathogenesis of various inflammatory 
diseases. Furthermore, MCP-1 draws peripheral monocytes to 
the liver and promotes their transition into the M1 macrophage 
phenotype within hepatic tissue [10]. After liver injury, pro-
inflammatory monocyte-derived macrophages are attracted to 
the site of damage due to the presence of MCP-1. This chemo-
kine is produced by fibroblasts, Kupffer cells, activated cholan-
giocytes, and endothelial cells as part of the body's inflamma-
tory response. Queck et al. suggested that hepatic infiltration 
of macrophages and MCP-1 level are heightened in mouse liver 
fibrosis induced by carbon tetrachloride (CCl4) [11]. Addition-
ally, pharmacological inhibition of MCP-1 diminished liver mac-
rophage infiltration and further improved steatohepatitis in the 
methionine-choline-deficient diet-fed mice [12]. 

Osteopontin (OPN) is a phosphorylated glycoprotein secret-
ed by macrophages, monocytes, and activated T lymphocytes, 
and it plays a significant role in the development of liver fibrosis 
[13]. Primary Sclerosing Cholangitis (PSC) manifests through the 
formation of multiple fibroinflammatory strictures in the bile 
ducts, with macrophages purportedly holding a pivotal position 
in its progression [14]. A recent report indicated a notable el-
evation in serum OPN levels among patients in advanced stages 
of PSC [15]. Remarkably, in mice subjected to Bile-Duct Liga-
tion (BDL), cholestasis-induced fibrosis was marked by the ac-
cumulation of monocyte-derived macrophages expressing high 
levels of OPN in the liver tissues [15]. Additionally, Zheng et al 
proposed that OPN is crucial for the induction of MCP-1 and 
Macrophage Inflammatory Protein-1β (MIP-1β) via NF-κB and 
Mitogen-Activated Protein Kinase (MAPK) pathways in the con-
text of rheumatoid arthritis [16].

Ger-Gen-Chyn-Lian-Tang (GGCLT), a formally standardized 
blend of traditional Chinese herbal remedies, comprises Puerar-
iae radix, Scutellariae radix, Coptidis rhizome, and Glycyrrhizae 

radix. GGCLT treatment was reported to attenuate the advance-
ment of atherosclerosis in apolipoprotein E-/- mice [17]. Our pre-
vious studies indicated that GGCLT possessed an anti-liver fibro-
sis effect by suppressing hepatic oxidative stress, angiogenesis 
and fibrogenesis, as observed in Thioacetamide (TAA) or BDL-
induced mouse model [18, 19]. Additionally, administration of 
GGCLT mitigates the advancement of nonalcoholic fatty liver 
disease in db/db obese mice by decreasing hepatic lipotoxicity 
and inflammation [20]. BDL leads to cholestatic injury and peri-
portal biliary fibrosis in the liver by elevating biliary pressure, in-
ducing mild inflammation and generating Reactive Oxygen Spe-
cies (ROS), ultimately resulting in cholestasis and fibrosis [21]. In 
addition, perisinusoidal and periportal fibrosis were observed 
following BDL surgery in rats, characterized by a rapid induc-
tion of α-Smooth Muscle Actin (α-SMA) expression and ECM 
deposition [22, 23]. Enhancing our comprehension of the cel-
lular and molecular pathways involved in the inflammation of 
liver fibrosis can be achieved using the BDL experimental rodent 
model. Therefore, this study aims to investigate the potential of 
GGCLT treatment to alleviate liver fibrosis by reversing hepatic 
macrophage-mediated inflammation through downregulation 
of OPN-mediated pathway. This will be achieved using an in vivo 
mouse model challenged with BDL and an in vitro macrophage 
model exposed to the high concentration of bile acid.

Materials and Methods

Preparation of GGCLT 

The preparation and formula analysis of GGCLT were con-
ducted in accordance with methods outlined in our previous 
research [18,19]. In brief, the components of GGCLT, consisting 
of P. radix, S. radix, C. rhizome, and G. radix in a weight ratio 
of 8:3:3:2, were combined. The initial step involved boiling the 
mixture at 80°C for 2 h in dH2O. Following filtration, the re-
sulting mixture was frozen at -80°C, producing a paste crystal 
residue comprising approximately 12.5 % (w/w). This residue 
underwent lyophilization at -20°C, yielding a dried compound. 
Prior to application, the dried compound was reconstituted in 
dH2O.

Animals and Experimental Protocols

Male C57BL/6 mice (5-6 weeks old) were purchased from the 
National Laboratory Animal Center in Taipei, Taiwan and were 
accommodated in a temperature-regulated setting (20 ± 2°C) 
with a 12 h light/dark cycle. Experimental procedures for ani-
mal studies were conducted as our previous established proto-
col [19], with minor modifications. The mice were randomly as-
signed to groups and received either dH2O or GGCLT at doses of 
30, 100, and 300 mg/kg body weight, administered orally once 
daily for 4 weeks. Initially, the mice were anesthetized with 4 
% isoflurane and underwent laparotomy, during which the bile 
duct was ligated and sectioned. Sham-control mice underwent 
a similar laparotomy without ligation. Additionally, the sham-
control mice were gavage with an equal volume of dH2O. Plas-
ma and liver samples were collected for analysis after the mice 
were sacrificed by CO2 inhalation followed by decapitation. All 
animal procedures adhered to guidelines from the Chang Gung 
Memorial Hospital Animal Care and Use Committee (IACUC No. 
2016060603).

Cell Culture and in vitro Chenodeoxycholic Acid Treatment 

RAW264.7 mouse macrophage-derived cell line was ob-
tained from the Food Industry Research and Development Insti-
tute (Hsinchu, Taiwan). Cultured in Dulbecco's Modified Eagle's 
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Medium (DMEM) supplemented with 10 % Fetal Bovine Serum 
(FBS) and 1 % penicillin/streptomycin, cells were maintained at 
37°C in a 5 % CO2 humidified incubator. For Chenodeoxycholic 
Acid (CDCA) administration, cells were seeded in 6-well plates 
at a density of 10 6 cells/well and treated with 100 μM CDCA for 
a duration of 24 h.

Cytokine Assay

Plasma Alanine Aminotransferase (ALT) levels were assessed 
with a diagnostic kit from Randox Laboratories, Antrim, UK, as 
per the manufacturer's instructions.

Histological and Cell Immunofluorescence Stains  

Liver histological assessments were conducted with Hema-
toxylin and Eosin (H&E), Masson's trichrome and Immunohisto-
chemical (IHC) stains, according to our previous protocols [24]. 
Briefly, liver tissues were fixed in 4 % paraformaldehyde, par-
affin-embedded, and sectioned into 5-μm-thick slices. Staining 
was done using H&E and Masson's trichrome stain kit (Sigma-
Aldrich) in accordance with the manufacturer's instructions. For 
IHC stain, tissue sections were deparaffinized and treated with 
0.3 % H2O2 to block endogenous peroxidase activity. Primary an-
tibodies (anti-F4/80, anti-MCP-1, anti-OPN, anti-NF-κB and anti-
α-SMA from Santa Cruz Biotechnology) were incubated at 4°C 
overnight. Biotinylated secondary antibodies and avidin-biotin 
complex reagent were subsequently added, followed by color 
development with 3,3'-Diaminobenzidine (DAB). For NF-κB Im-
munofluorescence (IF) stain, RAW264.7 cells were seeded onto 
glass coverslips, incubated with anti-NF-κB at 4°C overnight, 
and then with goat anti-rabbit FITC secondary antibody. DAPI 
was used for nuclear staining. After fixation in 4 % paraformal-
dehyde for 15 mins, the images were visualized using a fluores-
cence microscope.

Real-Time Quantitative PCR (RT-qPCR) Assay

Total RNA was isolated with the EasyPrep Total RNA Kit 
(BioTools Co., LTD, Taiwan). Complementary DNA (cDNA) was 
synthesized from 5 μg of total RNA using the RevertAid First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific). Real-time 
PCR was conducted with the SYBR system on a LightCycler 1.5 
(Roche Applied Science, Mannheim, Germany). The CT values 
of each gene were normalized to CT values of GAPDH. Primer 
sequences are listed in Table 1.

Western Blot Measurement 

Liver tissues or RAW264.7 cells were lysed in 0.2 ml of Cel-
Lytic MT Lysis Reagent (Sigma-Aldrich) supplemented with 1% 
phosphatase inhibitor cocktail and protease inhibitor cocktail, 
followed by centrifugation at 13,000 x g for 30 min at 4°C. Ad-
ditionally, nuclear fraction isolation was performed using a 
nuclear isolation kit (Abcam, Cambridge, MA, USA) as per the 
manufacturer's instructions. Protein concentration in the ly-

sate was determined using the Bradford assay. Subsequently, 
the lysates underwent sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and were transferred to Poly-
vinylidene Fluoride (PVDF) membranes. After incubation with 
primary antibodies against MCP-1, OPN, NF-κB, H1 and β-actin 
(all purchased from Santa Cruz Biotechnology), horseradish 
peroxidase-conjugated secondary antibodies were applied, and 
the resulting reaction was visualized using an electrochemilu-
minescence kit. Data normalization was performed with H1 and 
β-actin as internal controls.

Small Interfering RNA (siRNA) Against OPN 

The OPN gene was silenced with Dharmacon™ siRNA (GE 
Dharmacon, Lafayette, CO, USA) according to the manufactur-
er's instructions. The siRNA duplex nucleotides were designed 
based on the method of Wang [25] for the specific silencing of 
OPN: siRNA1, 5'-TAGACCCCATGGAGTGGCA-3'; siRNA2, 5'-GGT-
GGCACAGCCACTGACA-3'; siRNA3, 5'-ACCGTCTGGAGGCT-
GTTCA-3'; and a scrambled control, 5'-CATGGAGTGGCACGTA 
GGT-3'. The Raw264.7 cells were transfected using DharmaFECT 
1 transfection reagent combined with either 100 nM OPN or 
scrambled control siRNA duplex in the DMEM culture medium 
without antibiotics for 72 h.

Statistical Analysis 

Mean ± S.E.M. values were analyzed using Student's t-
tests for pairwise group comparisons. For the results of the 
RAW264.7 cell in vitro experiment, data are presented as mean 
± S.E.M. of at least 3 independent experiments. For multiple 
group comparisons, one-way Analysis of Variance (ANOVA) was 
used, followed by Tukey's post hoc tests for further analysis. Dif-
ferent symbols or letters indicated statistically significant differ-
ences (P < 0.05).

Results

GGCLT Treatment Alleviated Liver Injury in the BDL-Chal-
lenged Mice

As illustrated in the upper panel of Figure 1, the liver tissues 
of BDL mice, in contrast to those of the sham-control mice, ex-
hibited an enlarged appearance and dark brown patches, lack-
ing the bright blood coloration typically associated with healthy 
liver tissue. Meanwhile, H&E stain revealed significant hepa-
toatrophy and extensive coagulation necrosis in the liver tissues 
of mice following BDL administration (Figure 1A, middle panel). 
Moreover, a clear increase in plasma ALT level was observed in 
the BDL mice compared to the sham-control groups (Figure 1B). 
In addition, Masson-trichrome stain revealed a distinct pattern 
of collagen fiber deposition around the central veins and portal 
areas, accompanied by the development of portal-portal septa 
in the mice after BDL challenge (Figure 1A, lower panel). Fur-
thermore, administration of GGCLT at doses of 300 mg/kg no-
tably mitigated these effects in mice afflicted with BDL-induced 
liver fibrosis (Figure 1).Table 1: Primer sequences used for quantitative RT-qPCR analysis.

Gene Forward Reverse
TNF-α TTGACCTCAGCGCTGAGTTG CCTGTAGCCCACGTCGTAGC
IFN-γ AGGCTCACGTCACCAAGTCCC TGGTCTCGAAAGCTACGTGGGAGG
IL-6
IL-1β
TGF-β

TGGAGTCACAGAAGGAGTGGCTAAG
TGTAATGAAAGACGGCACACCTGCCCTCTACAACCAACACAACCCG

TCTGACCACAGTGAGGAATGTCCAC
TCTTCTTTGGGTATTGCTTGG
AACTGCTCCACCTTGGGCTTGCGAC

α-SMA
Procollagen-I

CCACCGCAAATGCTTCTAAGTGGTCCCAAAGGTGCTGATGG GGCAGGAATGATTTGGAAAGGGACCAGCCTCACCACGGTCT

Procollagen-III CCCCTGGTCCCTGCTGTGG GAGGCCCGGCTGGAAAGAA
GAPDH TCACCACCATGGAGAAGGC GCTAAGCAGTTGGTGGTGCA

TNF-α, tumor necrosis factor-α; IFN-γ, interferon-γ; IL-6, interleukin-6; IL-1β, interleukin-1β; TGF-β, transforming growth factor-β; α-SMA, α-smooth muscle actin; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Effect of GGCLT on Macrophage-Mediated Inflammation in 
the Liver of BDL Mice

As shown in Figure 2A, there was a notable increase in the 
recruitment of macrophages, indicated by F4/80 stain, to the 
liver following BDL treatment in mice. Additionally, there was 
a significant upregulation of MCP-1 expression observed in 
the BDL-challenged mice. The protein level of MCP-1 was sig-
nificantly elevated in the liver tissues of BDL-challenged mice as 
well (Figure 2B). Conversely, the treatment of 300 mg/kg GGCLT 
decreased the BDL-induced hepatic enhancement of macro-
phages infiltration and MCP-1 expression in mice (Figure 2A & 
2B). Furthermore, following BDL induction (Figure 2C), there 
was a notable increase observed in the hepatic mRNA levels of 
TNF-α, interferon-γ (IFN-γ), IL-6 and IL-1β, all indicative of in-
flammation. However, these increases were significantly sup-
pressed by GGCLT treatment at dosages of 100 and 300 mg/kg 
(Figure 2C).

Effect of GGCLT on Hepatic OPN Level in the BDL-Challenged 
Mice

As shown in Figure 3A, BDL-administrated mice showed an 
obvious upregulation in the OPN level of the liver tissue in com-
parison of sham-control mice. In addition, the results of West-
ern blot showed that hepatic protein level of OPN was signifi-
cantly elevated in the BDL-challenged mice as well (Figure 2B), 
and these effects were suppressed by treatment with 300 mg/
kg GGCLT. 

Effect of GGCLT on BDL-Induced Hepatic NF-κB Level in Mice

The results of IHC stain and Western blot showed that hepat-

ic level of NF-κB was obviously increased after BDL administra-
tion compared with show-control mice. Remarkably, treatment 
with 300 mg/kg GGCLT effectively suppressed these effects (Fig-
ure 4). 

GGCLT treatment Reduced the Fibrogenesis-Related Factors 
in the Liver of BDL Mice

The result of IHC stain showed that the α-SMA level in the 
liver tissues was obvious increased in the BDL mice (Figure 5A). 
A further enhancement was observed in hepatic mRNA levels of 
TGF-β, α-SMA, procollagen-I and procollagen-III in the mice af-
ter BDL administration compared to the sham-control mice (Fig-
ure 5B). In contrast, treatment with GGCLT at 100 and 300 mg/
kg significantly inhibited BDL-induced these effects (Figure 5). 

Synergistic Effect of OPN Gene Silencing on GGCLT Reduced 
CDCA-Induced the Elevated mRNA Levels of TGF-β and Inflam-
mation-Related Factors in the RAW264.7 Cells 

A recent study demonstrated a notable increase in serum 
Chenodeoxycholic Acid (CDCA) levels, a primary bile acid pro-
duced in the liver tissues of BDL mice [26]. To replicate the 
elevated levels of MCP-1 and OPN observed in our BDL mice, 
RAW264.7 macrophages were cultured in a medium with a 
high concentration of CDCA. This approach aimed to investigate 
whether GGCLT could reduce the BDL-induced rise in hepatic 
levels of TGF-β and inflammation, potentially by inhibiting OPN 
expression. The results of IF stain showed that NF-κB level was 
enhanced after exposure to 100 μM CDCA compared to a CDCA-
free medium, and this effect was reversed by treatment with 
30 μg/ml GGCLT (Figure 6A). Additionally, 30 μg/ml GGCLT sig-

Figure 1: Effects of GGCLT on BDL-induced liver fibrosis in mice. 
(A) upper plane: the liver morphology after mice sacrifice; middle 
plane: paraffin-embedded liver sections underwent staining pro-
cedures by using H&E; lower plane: Masson’s trichrome stain. All 
results of H&E and Masson’s trichrome stains were shown at 200 x 
magnification and the length of scale bar was indicated as 200 μm. 
(B) Plasma ALT levels were measured after mice sacrifice in the BDL 
+ GGCLT groups. The data are expressed as the mean ± S.E.M. § P 
< 0.05 vs. sham-control mice (n=7); ¥ P < 0.05 vs. BDL mice (n=7).

Figure 2: GGCLT reduced the infiltration of macrophages and the 
inflammatory responses in the liver tissues of mice caused by BDL. 
(A) Liver tissues from sham-control and BDL mice treated without 
or with 300 mg/kg GGCLT were stained with antibodies of F4/80 
(upper plane) and MCP-1 (lower plane), respectively. The results 
were shown at 200 x magnification and the length of scale bar was 
indicated as 200 μm. (B) The protein level of the MCP-1 in the liv-
er tissues were detected by Western blot. (C) The mRNA levels of 
TNF-α, IFN-γ, IL-6 and IL-1β were determined by RT-qPCR. The data 
are expressed as the mean ± S.E.M. § P < 0.05 vs. sham-control mice 
(n=7); ¥ P < 0.05 vs. BDL mice (n=7).
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nificantly suppressed the CDCA-induced increase in MCP-1 and 
OPN protein levels in RAW264.7 cells (Figure 6B).

Subsequently, The OPN protein level was reduced by ap-
proximately 70% in RAW264.7 cells incubated with 100 nM OPN 
siRNA for 72 h compared to the scrambled control group (Figure 
6C). Moreover, preincubation with OPN siRNA synergistically 
enhanced the ability of 30 μg/ml GGCLT to inhibit the CDCA-
induced increase in the mRNA levels of TGF-β, TNF-α, IFN-γ, IL-
6, and IL-1β (Figure 6D).

Discussion 

Based on Traditional Chinese Medicine (TCM) treatment 
principles, GGCLT is designed to "clear heat and detoxify." Clini-
cal applications of GGCLT encompass treating acute bacterial in-
fections, acute gastroenteritis, and alleviating hangover symp-
toms. Contemporary studies have unveiled the multifaceted 
effects of GGCLT including antipyretic, antibacterial, antioxidant, 
anti-inflammatory properties, and its potential to ameliorate 
metabolic syndrome. Our previous studies have demonstrated 
anti-liver fibrotic properties of GGCLT by inhibiting intrahepatic 
oxidative stress and angiogenesis in mice models subjected to 
TAA and BDL challenges [18,19]. Upon eliminating the causative 
factor of liver fibrosis, a correlated reduction appeared in the 
generation of pro-inflammatory cytokines, heightening colla-
genolytic activity, and the inhibition of ECM synthesis [27]. The 
critical role in the pathogenesis of liver fibrosis is attributed to 
the activation of TGF-β-producing macrophages and the subse-
quent upregulation of inflammation. MCP-1, secreted by both 
Kupffer cells and HSCs, aids in the recruitment of immature 
monocyte-derived macrophages to the liver [12]. Furthermore, 
OPN is highlighted as a chemoattractant for macrophages in in-
flammatory liver diseases [28]. Our findings demonstrated that 
GGCLT treatment mitigated liver fibrosis triggered by BDL chal-
lenges by attenuating the macrophage-driven upregulation of 

Figure 3: GGCLT lowered the levels of OPN in the liver tissues of 
mice induced by BDL. (A) Liver sections from sham-control, and 
BDL-challenged mice treated without or with 300 mg/kg GGCLT, 
were stained with the OPN antibody. The results were shown at 
200 x magnification and the length of scale bar was indicated as 200 
μm. (B) The protein level of OPN in the liver tissues were detected 
by Western blot. The data are expressed as the mean ± S.E.M. § P 
< 0.05 vs. sham-control mice (n=7); ¥ P < 0.05 vs. BDL group (n=7).

Figure 4: GGCLT decreased hepatic level of NF-κB in the BDL-
challenged mice. (A) Liver sections from sham-control and BDL-
challenged mice treated without or with 300 mg/kg GGCLT were 
stained with the NF-κB antibody. The results were shown at 200 
x magnification and the length of scale bar was indicated as 200 
μm. (B) The nuclear protein level of NF-κB in the liver tissues were 
detected by Western blot. The data are expressed as the mean ± 
S.E.M. § P < 0.05 vs. sham-control mice (n=7); ¥ P < 0.05 vs. BDL 
mice (n=7).

Figure 5: GGCLT decreased hepatic fibrogenesis-related factors in 
the BDL–challenged mice. (A) Representative IHC stain for α-SMA in 
the sham-control and BDL-challenged mice treated without or with 
300 mg/kg GGCLT. The results were shown at 200 x magnification 
and the length of scale bar was indicated as 200 μm. (B) The mRNA 
levels of the TGF-β, α-SMA, Procollagen-I and Procollagen-III in the 
liver tissues of sham-control and BDL mice in the presence and ab-
sence of GGCLT treatment were detected by RT-qPCR. The data are 
expressed as the mean ± S.E.M. § P < 0.05 vs. sham-control mice for 
BDL group (n=7); ¥ P < 0.05 vs. BDL mice (n=7). 
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inflammatory responses and enhancing the expression levels 
of OPN. Additionally, the transcriptional activation of NF-κB is 
implicated in these mechanisms underlying BDL-induced liver 
fibrosis in mice. There has been limited research into the rela-
tionship between macrophage infiltration and increased OPN 
expression during the development of hepatotoxic liver injury 
and cholestatic liver fibrosis. As far as we know, this study is 
the first to demonstrate that GGCLT reduces BDL-induced liver 
fibrosis in mice by decreasing macrophage-mediated inflamma-
tion and OPN level.

Macrophages found across various tissues undergo polariza-
tion in response to environmental cues, giving rise to distinct 
macrophage subtypes such as M1 and M2 macrophages [29]. 
Fibrotic changes in the liver are largely driven by Kupffer cells 
and/or recruited macrophages [2]. The classical activation of 
M1 macrophages involves the secretion of proinflammatory 
cytokines such as TNF-α, IL-6, IL-1, and IL-12 [30], playing a 
crucial role in triggering fibrogenesis. Our findings regarding 
histopathological features and mRNA expression of proinflam-
matory cytokines indicate a significant accumulation of macro-
phages (marked by F4/80) in the terminal hepatic venule and/

Figure 6: The genetic ablation of OPN synergistically enhanced 
GGCLT’s reduction of the TGF-β mRNA level and inflammatory re-
sponses caused by CDCA challenge in RAW264.7 cells. GGCLT was 
pre-treated at dosages of 3 and 30 μg/ml for 2 h before being co-
incubated with 100 μM CDCA for 24 h. (A) The NF-κB level was 
stained and visualized by fluorescence microscopy. (a) CDCA-free; 
(b) 100 μM CDCA; (c) 100 μM CDCA + 3 μg/ml GGCLT; (d) 100 μM 
CDCA + 30 μg/ml GGCLT. The results were shown at 200 x magni-
fication. (B) The protein levels of MCP-1 and OPN were detected 
by Western blot. (C) Altered expression of OPN protein after the 
OPN siRNA was introduced into RAW264.7 cells via transient trans-
fection. (D) The mRNA levels of TGF-β, TNF-α, IFN-γ, IL-6 and IL-1β 
analyzed by RT-qPCR after OPN gene ablation followed by exposure 
to 30 μg/ml GGCLT plus 100 μM CDCA for 24 h. The results are 
represented as the mean ± S.E.M. for at least 3 experiments, with 
different letters indicating statistically significant differences.x mag-
nification and the length of scale bar was indicated as 200 μm. (B) 
The nuclear protein level of NF-κB in the liver tissues were detected 
by Western blot. The data are expressed as the mean ± S.E.M. § P 
< 0.05 vs. sham-control mice (n=7); ¥ P < 0.05 vs. BDL mice (n=7).

or portal vein of liver tissues, as observed in mice subjected to 
BDL compared to sham-control mice. Moreover, hepatic mRNA 
levels of TNF-α, IFN-γ, IL-6, and IL-1β were notably elevated in 
these mice. Plasma ALT level was also markedly raised in the 
BDL-challenged mice compared with sham-control mice. It 
could be speculated that the macrophage polarization observed 
in the liver tissues following BDL challenges aligns with the M1 
phenotype based on our current study. The similar result was 
observed in the studies of Xie et al. [31]. Moreover, the influx 
of inflammatory and fibrogenic monocytes is contingent upon 
the interaction between MCP-1/CCL2 and its receptor, CCR2 
[32]. Inhibiting MCP-1 pharmacologically leads to a reduction 
in liver fibrosis in murine models [12]. In the context of liver 
fibrosis, activated HSCs emerge as the primary origin of myofi-
broblasts, initiating ECM deposition and fostering liver desmo-
plasia via the secretion of collagen-I and α-SMA [33]. Neverthe-
less, contemporary investigations propose an involvement of 
macrophages in the process of macrophage-to-myofibroblast 
transition (MMT), particularly evident in mice experiencing 
CCl4-induced liver fibrosis [34]. Our results suggest that the in-
crease in hepatic MCP-1 protein levels observed in mice treated 
with BDL may be initiated by M1 macrophages. This activation 
could potentially promote substantial monocyte infiltration into 
fibrotic livers by inducing the trans differentiation of MMT. Such 
a process offers a swift and temporary mechanism to amplify 
the macrophage population in the liver through inflammation-
sensitive phagocytes, and these phenomena could be reversed 
by GGCLT treatment. 

A study conducted by Kawashima and colleagues demon-
strated that OPN plays a role in facilitating the infiltration of 
macrophages into necrotic regions in rats following CCl4 poison-
ing [35]. Additionally, in a mouse model challenged with BDL, 
Obeticholic Acid (OCA), a 6-ethyl derivative of CDCA, was found 
to boost OPN and Thr-OPN expression in the liver, particularly 
in the portal area [36]. In line with the findings of Wang et al. 
[36], the histological presence of OPN in the portal area of liver 
tissues showed a significant increase in our mouse model chal-
lenged with BDL compared to sham-control mice. Conversely, 
our IHC stain results revealed a notable elevation in the OPN 
level within the portal triad of liver tissues in mice challenged 
to BDL compared to sham-control mice. The reversal of BDL-in-
duced liver fibrosis by GGCLT could be accompanied by a nota-
ble decrease in OPN levels, which may consequently hinder the 
infiltration of macrophages into necrotic liver regions; however, 
more evidence is needed to support this speculation.     

It was reported that YC-1, identified as a HIF-1α inhibitor, 
mitigates liver fibrosis induced by BDL in a murine model was 
attributed to the reduction in HIF-1α-mediated recruitment of 
inflammatory cells such as neutrophils and macrophages, sup-
pression of angiogenesis, and downregulation of fibrogenesis 
markers including TGF-β R1, α-SMA, procollagen-I, and procol-
lagen-III [37]. Notably, NF-κB transcriptional activations were 
implicated in these processes [37]. In this study, an obvious 
reduction was observed in the macrophage infiltration and he-
patic levels of TGF-β, α-SMA, procollagen-I and procollagen-III 
following administration of 300 mg/kg of GGCLT in mice sub-
jected to BDL. For our mice challenged with BDL, we speculated 
that inflammation driven by M1 macrophages could have stim-
ulated HSCs to produce collagen, leading to liver fibrosis. GGCLT 
appeared to reduce these effects. Hence, future investigations 
should elucidate the mechanisms underlying the MMT process, 
potentially expanding the application of GGCLT treatment to 
ameliorate liver fibrosis.
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Bile acids have a significant influence on modulating macro-
phage reactions, suggesting a shift in macrophage functionality 
within the context of cholestatic liver disease [38]. Chenodeoxy-
cholic Acid (CDCA), a hydrophobic bile acid subtype implicated 
in cholestatic liver damage, triggers NLRP3 inflammasome acti-
vation and subsequent IL-1β secretion in murine macrophages 
[39]. This process could represent a crucial mechanism driving 
inflammatory macrophage activation in cholestatic liver disor-
ders, particularly in monocyte-derived macrophages. Our study 
demonstrated that the high concentration of CDCA led to the 
upregulation of NF-κB, MCP-1 and OPN expression utilizing the 
RAW264.7 macrophage in vitro model. Meanwhile, treatment 
with 30 μg/ml GGCLT attenuated these observed effects. Nota-
bly, increased levels of MCP-1 in the liver tissues signified mac-
rophage activation. Thus, we speculate that GGCLT treatment 
may reduce the activation of macrophages induced by toxic bile 
Acids (CDCA), which is closely associated with MCP-1 expres-
sion in our RAW264.7 cell model. Importantly, by silencing the 
OPN gene using siRNA, we provided in vitro evidence showing 
that GGCLT treatment reduced the high concentration of CDCA-
induced upregulation of TGF-β level and inflammation-related 
factors, potentially through the inhibition of OPN in RAW264.7 
macrophages. However, a limitation of our study is that we did 
not conduct a converse validation of GGCLT's effect on neutral-
izing CDCA-aggravated, macrophage-mediated inflammation in 
RAW264.7 macrophages through the OPN-related pathway us-
ing conditional knockin of OPN mRNA. 

Puerarin, baicalin, berberine, and glycyrrhiza have been stat-
ed as active components found in Puerariae radix, Scutellariae 
radix, Coptisis rhizome, and Glycyrrhiza radix, respectively [40-
43]. Previous reports have suggested that puerarin and baicalin 
possess the ability to mitigate obesity and its associated issues, 
such as insulin resistance, in mice. This function is achieved by 
inhibiting inflammatory M1 Adipose Tissue Macrophages (ATM) 
and enhancing anti-inflammatory M2 ATM level, respectively 
[44,45]. Furthermore, Berberine has been shown to inhibit in-
flammation induced by free fatty acids and LPS through modu-
lating the Endoplasmic Reticulum (ER) stress response in both 
macrophages and hepatocytes [46]. 

Conclusion

Our findings suggest that GGCLT treatment effectively re-
duces liver fibrosis by reversing hepatic macrophage-mediated 
inflammation. This is accomplished by suppressing hepatic lev-
els of MCP-1 and OPN, involving the NF-κB-related mechanism, 
as demonstrated in the BDL-induced liver fibrosis mouse model.
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