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Kangxian ruangan (KXRG) is a traditional Chinese medicine (TCM) formula consisting of 12 herbs. TCM syndrome differ-
entiation proposes that KXRG exerts pharmacological effects against nonalcoholic fatty liver disease (NAFLD) fibrosis. *is work
investigates the effect of KXRG on NAFLD fibrosis in vivo and in vitro. In vivo, the NAFLD fibrosis model was constructed in
Wistar rats using methionine- and choline-deficient (MCD) diet, followed by KXRG (0.92 g/kg/d) treatment for 8 weeks. In vitro,
primary hepatic stellate cells (HSCs) were activated using platelet-derived growth factor (PDGF) and treated with KXRG.
Molecular mechanisms underlying fibrosis were investigated. After 8 weeks, compared with the control groups, the histological
lesions, degree of fibrosis, and inflammatory reaction increased with the MCD diet as demonstrated by histological changes and
increased fibrosis-related (α-SMA, TGF-β, COL1A1, and desmin, P< 0.01) and inflammation-related factors (TNF-α, MCP-1,
and F4/80, P< 0.01), whereas they decreased with KXRG treatment (P< 0.01). KXRG not only inhibited the proliferation of
activated HSCs and promoted their apoptosis but also resulted in G0-G1 arrest. Furthermore, KXRG suppressed HSC activation
(P< 0.01), collagen synthesis (P< 0.01), and α-SMA expression (P< 0.01) with PDGF stimulation. In both the MCD diet-induced
animal model and PDGF-induced cell model, KXRG inhibited TGF-β and TLR4 signaling (P< 0.01), similar to corresponding
small-molecule inhibitors. *ese results demonstrated that KXRG might exert suppressive effects against NAFLD fibrosis via
regulating TGF-β and TLR4 signaling. KXRG may act as a natural and potent therapeutic agent against NAFLD.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a spectrum of
liver pathology that is strongly associated with obesity, di-
abetes, and cardiovascular disease [1]. Described as the
typical hepatic manifestation of metabolic syndrome,
NAFLD is now the most common cause of chronic liver
diseases worldwide [2]. Epidemiologic findings indicate that
the prevalence of NAFLD varies depending on population,
ethnicity, and social formation, but increasing data suggest
that its prevalence in the adult population in many Asian
countries may be as high as that in the West [3, 4]. *e
majority of people affected by NAFLD only experience
simple steatosis or slight inflammatory response, which
confer relatively low risk [5]. However, without prompt and

proper treatment, the vast majority of patients with pro-
gressive NAFLD will develop complications, including
steatohepatitis [6], fibrosis [7], cirrhosis [8], end-stage liver
failure [9], and malignant hepatocellular carcinoma [10]. In
this case, patient health will be significantly threatened.

At present, the pathogenesis of NAFLD has not yet been
determined, but a multiple-strike theory has revealed that
NAFLD is caused by the combination of diet, genetics, and
intestinal microenvironment [11]. Meanwhile, the degree of
fibrosis is a critical feature that indicates the prognosis of
NAFLD patients. Fibrosis is not only a common sign of the
development of chronic liver diseases [12] but also the only
way to further develop liver cirrhosis [13] and even liver
cancer [14]. Recent clinical data have placed increasing
importance on identifying fibrosis, as it is a strong indicator
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of hepatic disease-related mortality [15]. *erefore, the ef-
fective reduction of fibrosis is the key to treat NAFLD.

Hepatic stellate cells (HSCs) are acknowledged as the
cytological basis of liver fibrosis characterized by excess
deposition of the extracellular matrix (ECM), and the
fibrogenic process involves multiple cellular and molecular
pathogenetic mechanisms [7, 16]. As a central event in the
development of hepatic fibrosis, HSCs are activated by liver
injury, usually with changes in gene expression and major
phenotypical transformation to α-smooth muscle actin
(α-SMA)-positive myofibroblasts that increase malignant
biological characteristics [17], produce large amounts of
collagen and other ECM molecules [18], and secrete
proinflammatory cytokines such as tumor necrosis factor-
(TNF-) α and interleukin- (IL-) 1β [19]. Numerous studies
have shown that the stimulation of several intracellular
signaling cascades is associated with HSC activation. For
example, transforming growth factor- (TGF-) β1 activates
Smad 2/3 phosphorylation and the transcript levels of
plasminogen activator inhibitor-1 and matrix metal-
loproteinase-2 as well as autophagy in HSCs, showing the
important regulatory effect of the TGF-β/Smad signaling
pathway on HSC activity [20]. In addition, platelet-derived
growth factor (PDGF), a potent fibrogenic cytokine, acti-
vates the mitogen-activated protein kinase/extracellular
signal-regulated kinase and phosphatidylinositol 3-kinase/
AKT/70-kDa ribosomal S6 kinase signaling pathways, fur-
ther regulating HSC proliferation and migration [21, 22].
Hence, suppressing HSC activity and ensuring hepatocyte
activity via regulating various intracellular signaling cas-
cades are vital means of treating liver fibrosis.

As a generally accepted form of complementary and al-
ternative medicine, traditional Chinese medicine (TCM) has
been widely reported to be useful and has few side effects in
many diseases including liver fibrosis [23]. Hu et al. showed
that the TCM forsythiae fructose suppresses liver fibrosis by
regulating TGF-β/Smads and TLR4/MyD88/NF-κB signaling
pathways [24]. Cai et al. found that the TCM Yinchenhao
decoction attenuates liver fibrosis through modulating TGF-
β/Smad/ERK signaling and bile acid metabolism [25]. After
thousands of years of practice, many herbal drugs and for-
mulae in TCM, particularly classical TCM formulae, are still
used in modern Chinese medicine. TCM adopts a holistic
view of disease prevention and treatment with “treatment
with syndrome differentiation” as the basic underlying
principle, implying that the composition of formula is based
on the symptoms and signs of patients analyzed. *us, TCM
formulae are the main form of therapy in TCM. For the
pathogenesis of NAFLD, TCM believes that deficiency of the
spleen, damp heat, and phlegm stasis are the key factors.
Based on the pharmacological principles of TCM, Kangxian
ruangan (KXRG) has the functions of replenishing the spleen
and warming the yang. *us, judging from the syndrome
differentiation of TCM, it is reasonable to hypothesize the
modern pharmacological effect of KXRG capsules in terms of
“replenishing the spleen and warming the yang.”

In this study, a rat model of NAFLD fibrosis was
established by inducing a methionine- and choline-deficient
(MCD) diet. *e therapeutic effect of KXRG capsules with

an optimum concentration on model rats was evaluated
through preliminary experiments. *erewith, primary HSCs
were isolated and cultured in vitro, and we investigated the
effects of KXRG capsules on PDGF-mediated HSC activa-
tion. In addition, we sought to confirm that KXRG capsules
reduce HSC activation by suppressing the TGF-β and toll-
like receptor (TLR) 4 signaling pathways with the aim of
providing more targeted natural medicine for the treatment
of NAFLD fibrosis and severe liver diseases.

2. Materials and Methods

2.1. Preparation ofMedication. Kangxian ruangan capsule, a
well-known traditional Chinese herbal medicine, is a clas-
sical formula containing king drug: Artemisia capillaris
(20 g), Astragalus membranaceus (10 g), Turtle shell (10 g);
minister drug: Coix seed (20 g), Salvia miltiorrhiza (30 g),
Angelica sinensis (10 g), Curcuma zedoaria (10 g), Ground
beetle (10 g); assistant drug: Panax notoginseng (6 g), peach
seed (10 g), Parched pangolin scales (6 g), ambassador drug:
Rhizoma atractylodis macrocephalae (10 g). All herbs were
purchased from Hubei Tianji Chinese Herbal Sliced Med-
icine Co., Ltd. (Wuhan, China), and the Department of
Pharmacy, the *ird People’s Hospital of Hubei Province, is
responsible for drug safety control. Based on the traditional
decoction preparation method, the decoction was concen-
trated and prepared as a capsule (the content of crude drugs:
0.046 g/mL) at the Pharmacy Department of the Hubei
Provincial Hospital of TCM.

2.2. Rats andTreatments. Twenty-four specific pathogen-free
male Wistar rats (age: 7–8 weeks; weight: 250–280 g) were
purchased from the Animal Center of Hubei (No.
42000600013965, Hubei, China). All experimental procedures
were approved by the Animal Ethics Committee of the Hubei
Provincial Hospital of TCM. We followed the methods of
[26]. All rats weremaintained under constant temperature (22
°C) and humidity (50%± 15%) in a 12-h light/dark cycle,
given free access to deionized water and fed irradiated dis-
infectant food. After one week of adaptive feeding, the rats
were randomly divided into 3 groups (8 rats in each group):
(1) control group (CTRL); (2) model group (MOL); (3)
Kangxian ruangan (KXRG) group. In this study, the rat model
of NAFLD fibrosis was established by the methionine- and
choline-deficient (MCD) diet [27–29]. *e rats in the CTRL
group were fed methionine and choline supplement (MCS)
fodder, and those in the other groups were fed MCD fodder
(Trophic Animal Feed High-tech Co., Ltd., Jiangsu, China).
*e rats in the treatment group were gavaged with the drug
diluted in the normal saline for 8 weeks (KXRG group: 0.92 g/
kg/d, the content of crude drugs: 0.046 g/mL). *e drug
treatment started with the NAFLD fibrosis induction.*e rats
in the CTRL and MOL groups were gavaged with the same
volume (2mL/100 g/d) of normal saline for 8 weeks.

2.3.Enzyme-Linked ImmunosorbentAssays (ELISA). 8 weeks
after treatment, all rats were anesthetized by 60mg/kg
pentobarbital (intraperitoneal injection, no. P3761, Sigma-
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Aldrich, USA) after 12 h of fasting and blood samples were
collected from the abdominal aorta of the rats. *e sera was
separated and collected by ×1000 g centrifugation at 4°C.*e
levels of TNF-α and IL-6 in serum were determined by
corresponding commercial ELISA kits according to the
manufacturer’s instructions (TNF-α: no. MU30030; IL-6:
no. MU30044, Bioswamp, China). Absorbance was detected
with a microplate reader (Bio-Rad, USA) at 450 nm, and the
values of various indicators were calculated by a standard
curve. In addition, the total cholesterol (TC) and triglyceride
(TG) and the levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in sera were determined
using a fully automatic biochemical analyzer.

2.4. Quantitative Reverse Transcription Polymerase Chain
Reaction (qRT-PCR) Analysis. Total RNA of the liver tissues
were extracted using TRIzol (Ambion, Texas, USA) and re-
versed-transcribed into cDNA. *e collected cDNA was then
subjected to amplification using a CFX Connect 96 (Bio-Rad,
USA). *e gene primers are as follows: TNF-α, forward, 5′’-
CCACGCTCTTCTGTCTACTG-3′’, reverse, 5′’-
GCTACGGGCTTGTCACTC-3’; MCP-1, forward, 5′’-
ACCCCAATAAGGAATG-3′’, reverse, 5′’- GGTGGTTGTG-
GAAAAG-3’; F4/80, forward, 5′’- TTTCAGCTCTCGCAACA-
3′’, reverse, 5′’- GGTCAGCAACCTCGTATC-3’; TGF-β, for-
ward, 5′’- AGGAGACGGAATACAGGG-3′’, reverse, 5′’-
ATGAGGAGCAGGAAGGG-3’; COL1A1, forward, 5′’-
GTCCCAACCCCCAAAA-3′’, reverse, 5′’- CCAGGCACG-
GAAACTC-3’; Desmin, forward, 5′’- AGGAAATCCAACT-
GAGAGA-3′’, reverse, 5′’- CAATTCGAGCCAGAGTG-3’;
GAPDH, forward, 5′’- CAAGTTCAACGGCACAG-3′’, re-
verse, 5′’- CCAGTAGACTCCACGACAT-3’. GAPDH served
as endogenous control. *e 2-△△Ct method was performed for
the calculation of the relative miRNA and mRNA expression
levels [30].

2.5. Histopathological Examination and Immunohistochem-
ical Staining. After the rats were sacrificed, a portion of fresh
liver tissues was removed and fixed with 4% paraformal-
dehyde for 24 h, embedded in paraffin, cut into sections of 5-
6 μm in thickness, and subjected to hematoxylin and eosin
(H&E) staining to evaluate histological changes. Images of
the stained slides were captured with a microscope
(Olympus, Tokyo, Japan). *e degree of fibrosis has been
evaluated by a semiquantitative scoring system (SSS). *e
higher the score, the more severe the degree of fibrosis [31].
Immunohistochemical staining was carried out to detect the
expression of α-SMA in the liver using rabbit polyclonal
anti-α-SMA as the primary antibody (no. ab5694, 1 : 200,
Abcam, Cambridge, UK) and horseradish peroxidase-
(HRP-) conjugated goat anti-rat IgG (no. ab6721, 1 :1000,
Abcam) as the secondary antibody. All staining was visu-
alized and photographed under an ordinary optics micro-
scope after color reaction of the diaminobenzidine (DAB) kit
(no. DA1010, Solarbio, Beijing, China). Subsequently, the
proportion of α-SMA-positive regions was analyzed by
ImageJ software (NIH Bethesda, MD, USA). *e remaining

fresh liver tissues were stored at −80°C for subsequent
molecular assays.

2.6. HSC Culture, Identification, and Treatment. Primary
HSCs were prepared from SPFmaleWistar rats according to
a previously described method [32]. Primary HSCs were
cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) for 14
days, and activated HSCs were identified by immunocyto-
chemical staining for α-SMA and used in further experi-
ments. To evaluate the effect of KXRG on HSC activation
(MTTmethod), the cells were serum-starved overnight and
cultured for 48 h in the presence (2.5, 5, and 10mg/mL) or
absence (0mg/mL) of KXRG and 12, 24, and 48 h for cell
proliferation analysis. *e toxicity detection of KXRG on
normal liver parenchymal L02 cells was also performed
(MTT method). In a similar way, the effects of different
concentrations of KXRG on cell apoptosis, cell cycle, and
proliferation capability in cells stimulated by different
concentrations of PDGF-BB (0, 1, 5, 10, and 20 ng/mL) were
also examined. To further evaluate the effects of KXRG on
proliferation ability and collagen synthesis capability in
PDGF-induced HSCs, a model of HSC fibrosis induced by
10 ng/mL PDGF was constructed based on previous studies
[33]. To determine the effect of KXRG on intracellular
signaling, the model group was treated with two molecular
inhibitors. For the inhibition of the TGF-β signaling
pathway, the TGF-β receptor inhibitor LY2109761, a TGF-
receptor type I/II dual inhibitor [34], was used. For the
inhibition of the TLR4 signaling pathway, the TLR4 small-
molecule inhibitor TAK-242 was applied. HSCs were serum-
starved overnight and split into the following groups:
control; model (10 ng/mL PDGF); KXRG treatment (10 ng/
mL PDGF+ 10mg/mL KXRG); LY2109761 treatment
(10 ng/mL PDGF+ 10 µM LY2109761); TAK-242 treatment
(10 ng/mL PDGF+ 1 µM TAK-242). After 24 h of treatment,
the cells were harvested for western blot.

2.7. Cell Proliferation Assay. Cell proliferation was deter-
mined using an MTT assay kit (No. C0009, Beyotime,
Shanghai, China). Primary activated HSCs and L02 cells
were cultured overnight. KXRG (0, 2.5, 5, and 10mg/mL)
was added to the medium and the cells were cultured for an
additional 48 h. *e absorbance was measured at 12, 24, and
48 h. Changes in the proliferation of PDGF-induced cells at
different PDGF concentrations (0, 1, 5, 10, and 20 ng/mL)
were evaluated under a similar operation. In addition, the
effect of KXRG on PDGF-induced cell proliferation was
elucidated.

2.8. HSC Apoptosis Assay. Primary activated HSCs were
treated with KXRG (0, 2.5, 5, and 10mg/mL) for 24 h and
harvested for the apoptosis assay using the Annexin
V-fluorescein (FITC)/propidium iodide (PI) double-labeled
flow cytometry kit (no. CA1020, Solarbio, Beijing, China).
Data were acquired by a FC500 MCL flow cytometer
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(Beckman, USA) to evaluate the apoptotic rate (B2 +B4
quadrant) of each sample.

2.9. HSC Cycle Assay. At 24 h after KXRG treatment (0, 2.5,
5, and 10mg/mL), the cells were fixed in ice-cold 75%
ethanol, washed, and labeled with PI from the PI staining cell
cycle detection kit (No. KGA512, Keygen, Jiangsu, China).
Flow cytometry was carried out with a FC500 MCL flow
cytometer to analyze the changes in cell cycle progression.

2.10. Evaluation of Collagen Synthesis. HSCs were cultured
overnight in DMEM supplemented with 10% FBS. PDGF
(10 ng/mL) was then added with 10mg/mL KXRG and the
cells were cultured for an additional 48 h. Collagen synthesis
was evaluated by measuring the amount of 3H-proline in-
corporation as previously described [35]. *e results are
expressed as Cpm per 105 cells.

2.11. Immunocytochemical Staining. HSCs were cultured
overnight in DMEM supplemented with 10% FBS. PDGF
(10 ng/mL) was then added with 10mg/mL KXRG and the
cells were seeded in two-well chamber slides and cultured for
an additional 24 h. *ereafter, the cells were fixed in 4%
formaldehyde containing 2% sucrose for 10min and per-
meabilized with phosphate-buffered saline containing 0.5%
Triton X-100 (Sigma-Aldrich) for 5min. *e α-SMA pri-
mary antibody (Abcam) was diluted at 1 : 200, and the
secondary antibody (HRP-conjugated goat anti-rat IgG)
(Abcam) was diluted at 1 :1000. Positive cells were counted
after color reaction of DAB using an optical microscope
(Olympus, Tokyo, Japan).

2.12.WesternBlotAnalysis. *e total proteins of liver tissues
and HSCs were split using a total protein extraction kit (no.
W034, Jiancheng Bioengineering Institute, Nanjing, China)
and the protein concentration was assessed using a bicin-
choninic acid method. Approximately 30 µg of total proteins
were electrophoresed in 12% polyacrylamide gels and the
separated proteins were transferred to polyvinylidene
difluoride membranes. Nonspecific binding was blocked
with 5% skimmed milk for 2 h at 37°C. *e membranes were
then incubated with monoclonal or polyclonal antibodies
against TGF-β1 (no. ab92486, 1 : 500, Abcam), TGF-β2 (no.
ab113670; 1 :1000, Abcam), Smad2 (no. ab63576, 1 :1000,
Abcam), phosphorylated- (p-) Smad2 (no. ab53100, 1 : 500,
Abcam), Smad3 (no. ab122028 1 : 500, Abcam), p-Smad3
(no. ab193297, 1 : 500, Abcam), Smad7 (no. PA5-46373, 1 :
500, *ermo, USA), TLR4 (no. 48–2300, 1 : 200, *ermo),
MyD88 (no. ab2064, 1 :1000, Abcam), and NF-κB p65 (no.
ab16502, 1 : 2000, Abcam) at 4°C overnight. GAPDH (no.
ab9485, 1 :1000, Abcam) was used as a control. Next, the
membranes were incubated with HRP-conjugated goat anti-
rabbit secondary antibody IgG (no. ab6721; 1 : 5000, Abcam)
for 1 h at room temperature. Images were obtained using a
multifunctional Gel Imaging System (Image Quant LAS 500,
General Electric, Fairfield, CT, USA), and the gray value of

each band was quantified and analyzed by IQTL 8.1 software
(gamma ratio/GAPDH).

2.13. Statistical Analyses. All values are presented as the
mean± standard deviation. *e t-test was used for com-
parison between two groups. One-way analysis of variance
followed by Tukey’s post hoc test was performed to compare
between three or more groups using SPSS 19.0 software
(IBM Corp., Armonk, NY, USA). P< 0.05 was considered as
a statistically significant difference.

3. Results

3.1. Be Effect of KXRG on Inflammatory Factors and
Histopathology. KXRG showed a protective effect on the
liver injury, as demonstrated by that KXRG decreased the
levels of TG, TC, ALT, and AST increased by MCD
(Figure 1(a)) [36]. To evaluate the effect of KXRG on in-
flammatory factors, we measured the expression levels of
TNF-α and IL-6 in rats by ELISA and the mRNA expression
of TNF-α, MCP-1 and F4/80. Figure 1(b) shows that the
levels of TNF-α, IL-6 and the mRNA expression of TNF-α,
MCP-1, and F4/80 in the KXRG treatment group were
significantly lower than those in the MOL group (P< 0.01).
To observe the effect of KXRG on histopathology, the rat
liver tissues in each group were stained with H&E. As shown
in Figure 1(c), compared with the CTRL group, the hepatic
lobule structure in the MOL group was confused and the
hepatocytes were disorganized. Severe inflammatory infil-
tration and hepatocyte necrosis in portal areas can be ob-
served (arrows). Compared with theMOL group, the hepatic
lobule structure of the KXRG treatment group was normal
and the hepatocytes were neatly arranged. Some hepatocytes
have degenerated around the central vein (arrows), the le-
sion area was smaller, and the degree of liver cell degen-
eration was lighter. *e abnormal proliferation of fibrous
tissue was not obvious. In addition, the score of SSS eval-
uation for liver fibrosis in MOL group was significantly
higher than that in CTRL group (Figure 1(c), P< 0.01). At
the same time, the score in the KXRG group was obviously
less than that in the MOL group (P< 0.01). *ese results
validate that KXRG significantly prevented the inflamma-
tory response and pathological changes in rats with NAFLD
fibrosis induced by the MCD diet.

3.2. Be Effect of KXRG on Fibrosis in Liver. To better
demonstrate the effect of KXRG on liver fibrosis in rats, the
expression of α-SMA, an important indicator of fibrosis, in
the liver was detected by immunohistochemical staining. As
shown in Figure 2(a), the model group exhibited typical tan
staining, indicating the high expression level of α-SMA.
Intuitively, the degree of tan staining in the KXRG treatment
group decreased significantly. *e quantitative analysis
showed that the positive expression of α-SMA in the model
group increased significantly compared with that in the
control group (P< 0.01). Compared with the model group,
the positive expression of α-SMA decreased significantly
with KXRG treatment (P< 0.01). In addition, the mRNA
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Figure 1: Effect of KXRG on inflammatory cytokines in serum and histopathological changes in liver. CTRL: Control; MOL: Model;
KXRG: Kangxian ruangan. (a) Level of TG, TC, ALTand AST, (b) Level of TNF-α and IL-6, and mRNA expression of TNF-α, MCP-1 and
F4/80; (c) Liver histopathological changes and SSS score; (a) Control; (b) Model; (c) KXRG. *e results are presented as the mean ± SD
(n � 8 per group). ∗∗p< 0.01 compared with CTRL; ##p< 0.01 compared with MOL. *e scale bar is 50 μM (magnification: 200×).
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expression of TGF-β, COL1A1, and desmin in rat livers was
measured using qRT-PCR. *e results indicated that KXRG
inhibited the mRNA expression of TGF-β, COL1A1, and
desmin increased by MCD (Figure 2(b)). *ese findings
suggest that KXRG significantly relieved liver fibrosis by
reducing the expression of α-SMA, TGF-β, COL1A1, and
desmin.

3.3. Be Effect of KXRG on TGF-β and TLR4 Signaling
Pathways In Vivo. To investigate the correlation between
KXRG treatment and TGF-β and TLR4 signaling, the
protein expression levels of corresponding regulatory

factors were detected by western blot (Figure 3(a)). In
terms of TGF-β signaling, the expression levels of TGF-β1,
TGF-β2, p-Smad2, and p-Smad3 in the KXRG treatment
group were significantly lower than those in the MOL
group (P< 0.01), while Smad7 was significantly increased
(P< 0.01) (Figure 3(b)/C). On the other hand, in terms of
TLR4 signaling, the expression levels of TLR4, MyD88,
and NF-κB p65 in the KXRG treatment group were sig-
nificantly lower than those in the MOL group (P< 0.01)
(Figure 3(d)). *ese remarkable results revealed that the
KXRG capsules prevented and treated NAFLD fibrosis in
rats, possibly via the regulation of the TGF-β and TLR4
signaling pathways.
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3.4. Observation and Identification of HSCs.
Cytomorphological identification demonstrated that the
separated primary cells did not adhere and showed a mi-
croscopic spherical shape, and the lipid droplets were visible
in the cytoplasm. After approximately 14 days of culture, the
cells transformed into a fibroblastic morphology, mostly
irregular polygons, forming clusters with larger cells and
extending to the periphery (Figures 4(a) and 4(b)). *e
results of immunocytochemistry showed that the cytoplasm
of α-SMA-positive cells in HSCs cultured for 14 days was
stained in tan (Figure 4(c)), indicating that the separated and
cultured cells were HSCs.

3.5. Be Effect of KXRG on HSC Proliferation, Apoptosis, and
Cycle. *e effect of KXRG on LO2 cells and HSC prolif-
eration was assessed by the MTTmethod. KXRG treatment
no more than 24 h showed no effect on proliferation of LO2
cells (Figure 5(a)) and reduced the proliferation ability of
HSCs in a concentration-dependent manner, and the in-
hibitory effect of 10mg/mL KXRG on HSC proliferation was
the most prominent at 24 h (Figure 5(b)). Next, the effect of
KXRG on HSC apoptosis was evaluated by Annexin
V-FITC/PI staining (Figures 5(c) and 5(d)). Compared with
the 0mg/mL KXRG group, the apoptosis rate of cells in each
KXRG treatment group increased significantly (P< 0.01),

which indicated that KXRG induced cell apoptosis in a dose-
dependent fashion at an optimum concentration of 10mg/
mL. Furthermore, the impact of KXRG on the cell cycle was
examined by flow cytometry (Figures 5(e) and 5(f )).
Compared with the 0mg/mL KXRG group, incubation with
KXRG at 5mg/mL and 10mg/mL for 24 h markedly in-
creased the number of cells in the G0-G1 phase (P< 0.01).
*e results demonstrated that 10mg/mL KXRG significantly
inhibited HSC proliferation, promoted HSC apoptosis, and
led to the arrest of the G0-G1 phase in HSCs.

3.6. Be Effect of KXRG on PDGF-Stimulated HSC Prolifer-
ation, Collagen Synthesis, and α-SMA Expression. In this
study, PDGF was selected to construct the HSC fibrosis
model. Preliminary experimental results showed that 10 ng/
mL was the optimum PDGF concentration for the HSC
fibrosis model (Figure 6(a)). As shown in Figure 6(b), 10 ng/
mL PDGF significantly increased the activity of HSCs
(P< 0.01), while 10mg/mL KXRG significantly inhibited the
proliferation of PDGF-stimulated HSCs (P< 0.01). *e ef-
fect of KXRG on collagen synthesis was evaluated by 3H-
proline incorporation assay (Figure 6(c)). At 10 ng/mL,
PDGF significantly increased collagen synthesis in HSCs
(P< 0.01). On the contrary, KXRG played a certain inhib-
itory effect on collagen synthesis with the stimulation of

44 KDa

48 KDa

50 KDa
96 KDa
35 KDa
64 KDa
37 KDa
58 KDa
79 KDa
48 KDa
61 KDa

TGF-β1

Ct
rl

M
O

L

KX
RG

TGF-β2

Smad7
TLR4

MyD88
NF-κB p65

GAPDH
p-Smad2

Smad2
p-Smad3

Smad3

(a)

0.0

G
am

m
a r

at
io

/G
A

PD
H

0.6

0.8

0.4

0.2

1.0

TGF-β1

##

TGF-β2

##

Smad7

##

Ctrl
MOL
KXRG

∗∗

∗∗

∗∗

(b)

0.0

G
am

m
a r

at
io

0.6

0.8

0.4

0.2

1.0

p-Smad2/Smad2

##

p-Smad3/Smad3

##

Ctrl
MOL
KXRG

∗∗
∗∗

(c)

TLR4

##

MyD88

##

NF-κB p65

##

0.0

G
am

m
a r

at
io

/G
A

PD
H

0.6

0.8

0.4

0.2

1.0

Ctrl
MOL
KXRG

∗∗
∗∗

∗∗

(d)

Figure 3: KXRG inhibited the TGF-β and TLR4 signaling pathways in rat liver. CTRL: Control; MOL: Model; KXRG: Kangxian ruangan;
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PDGF. As an important indicator of the degree of fibrosis,
α-SMA expression was detected by immunocytochemical
staining. As shown in Figures 6(d) and 6(e), KXRG sig-
nificantly reduced the high expression of α-SMA in PDGF-
induced HSCs (P< 0.01). *ese results indicate that KXRG
significantly suppressed proliferation, collagen synthesis,
and α-SMA expression in PDGF-stimulated HSCs.

3.7. Be Effect of KXRG on TGF-β and TLR4 Signaling
Pathways in HSCs. To further explore the possible anti-
fibrogenic mechanism of KXRG in hepatic fibrosis, we ex-
amined the effects of KXRG on PDGF-stimulated
intracellular pathways in HSCs, focusing on TGF-β and
TLR4 signaling pathways. As indicated in Figures 7(a), 7(b),
and 7(c), KXRG significantly reduced the expression of
TGF-β1, TGF-β2, p-Smad2, and p-Smad3 but improved the
expression of Smad7 to a certain extent. For the TLR4
signaling pathway, Figures 7(d) and 7(e) demonstrates that
KXRG significantly decreased PDGF-induced expression of
TLR4, MyD88, and NF-κB p65. In addition, to investigate
the correlation between the inhibitory effect of the two
pathways and the inhibitory actions of KXRG, HSCs were
pretreated with LY2109761, a TGF-β receptor inhibitor, and
TAK-242, a small-molecule inhibitor of TLR4. Treatment
with LY2109761 or TAK-242 resulted in significant inhi-
bition of the expression of related molecules within the
corresponding pathway. In particular, it should be noted
that KXRG treatment rendered no evident difference
compared with inhibitor treatment. *ese results suggest
that part of the action of KXRG may be mediated through
the inhibition of the TGF-β and TLR4 signaling pathways.

4. Discussion

NAFLD is considered to be the most common cause of
chronic liver diseases worldwide and is a multifactorial
disease with complex pathophysiology, including hepatic
steatosis, nonalcoholic steatohepatitis, and subsequent
fibrosis, cirrhosis, and even hepatocellular carcinoma [37].
With the improvement in quality of life and the imbalance
of diet, NAFLD has gradually become a common disease
in developing countries, including China, with high in-
cidence rates [38]. As an essential stage of the develop-
ment of chronic liver disease into cirrhosis, the reversal of

hepatic fibrosis is a top priority in the treatment of
NAFLD. Past studies have shown that feeding mice an
MCD diet led to the development of steatohepatitis with
fibrosis and could serve as a good animal model for
NAFLD [39, 40].

Few international research reports on KXRG capsules
were found according to a review of past studies. However,
from the perspective of both the symptoms and the root of
TCM, previous studies have reported the effective hep-
atoprotective action of KXRG capsules [41]. In addition, as
the main form of TCM, TCM formulae have gradually been
accepted by various countries for their multitarget treatment
[42, 43]. In this study, a rat model of NAFLD fibrosis was
successfully established, as demonstrated by the increase of
ALT and AST [36]. In addition, liver histology showed
hepatic steatosis, necrosis, inflammatory cell infiltration, and
a marked increase in hepatocyte apoptosis. In this context,
we evaluated whether the involvement of KXRG improves
histopathological changes in rat liver induced by MCD
feeding.

Proinflammatory cytokines mediate inflammatory
reactions and apoptosis. In particular, the cytokine TNF-α
and MCP-1 are involved in systemic inflammation in
acute-phase response and has been shown to play an
important role in the progression of steatohepatitis
[44, 45]. IL-6 is an inflammatory mediator of liver dis-
eases, including obesity-associated fatty liver [46] and
cirrhosis [47]. F4/80 is a specific biomarker of macro-
phage, which is one of the inflammatory cells [45]. Many
recent studies have highlighted the importance of regu-
latory anti-inflammatory cytokines in controlling the
differentiation and function of lymphocytes under steady-
state and inflammatory conditions and minimizing tissue
damage [48, 49]. In our study, KXRG significantly reduced
the expression of TNF-α and IL-6 in the fasting serum and
mRNA expression of TNF-α, MCP-1, and F4/80 in liver
tissue of MCD-fed rats. *is suggests that the anti-in-
flammatory effect of KXRG may be related to the inhi-
bition of TNF-α, IL-6, MCP-1, and F4/80 expression.
Similarly, as important fibrotic markers, α-SMA, TGF-β,
COL1A1, and desmin expression was also inhibited by
KXRG treatment, thus inhibiting hepatic fibrosis. *ese
results indicate that KXRG may be a promising agent for
the treatment of liver fibrosis.

14 d (100×)
Cytomorphology

(a)

14 d (200×)
Cytomorphology

(b)

14 d (200×)
ICC staining of α-SMA

(c)

Figure 4: Observation and identification of HSCs. Observation of HSC cytomorphology at 14 d at magnification of (a) 100× and (b) 200×;
(c) Identification of HSCs (14 d) by immunohistochemical staining of α-SMA.
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Figure 5: KXRG inhibited HSC proliferation, promoted HSC apoptosis, and led to the arrest of G0-G1 phase in HSCs. KXRG: Kangxian
ruangan; (a) Effect of KXRG on LO2 cells proliferation; (b) Effect of KXRG on HSC proliferation; ∗p< 0.05, ∗ ∗p< 0.01 compared with
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*e activation of resident HSCs has been accepted as a
central event in the development of hepatic fibrosis and
activated HSCs are considered to be a major target in
antifibrotic therapy [7, 50].*ese peculiar cells are defined as
fat-storing pericytes that constitute 5–8% of all liver cells.
Under normal conditions, HSCs are static but are activated
by inflammatory stimuli and paracrine interaction with
Kupffer cells and become highly proliferative [51]. *e
ability to synthesize and deposit matrix proteins is closely
associated with this proliferative phase. It is generally ac-
cepted that this activated phase is denoted by the induction

of α-SMA in HSCs in experimental models of liver injury
[52]. Our studies showed that MCD diet-induced α-SMA in
liver tissues and PDGF stimulation promoted the expression
of α-SMA in HSCs. According to many studies, inhibiting
activation and proliferation and inducing apoptosis are
effective means of clearing activated HSCs, which is im-
portant for the elimination of fibrosis [53–55]. In this
context, we studied the effect of KXRG on the regulation of
HSC proliferation, apoptosis, and cycle in vitro. Our data
showed that KXRG significantly inhibited HSC prolifera-
tion, promoted HSC apoptosis, and led to the arrest of the
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Figure 6: KXRG suppressed proliferation, collagen synthesis, and α-SMA expression in HSCs stimulated by PDGF. (a) Effect of PDGF
on HSC proliferation; ∗ ∗p< 0.01 compared with 0 ng/mL PDGF group; (b) Effect of KXRG on HSC proliferation stimulated by
PDGF; (c) Effect of KXRG on collagen synthesis in HSCs stimulated by PDGF; (d) and (e) Effect of KXRG on α-SMA expression of
HSCs stimulated by PDGF; ∗ ∗p< 0.01 compared with 10% FBS group; ##p< 0.01 compared with 10% FBS + 10 ng/mL PDGF group;
&&p< 0.01 compared with 10% FBS + 10 ng/mL PDGF + 10mg/mL KXRG group.
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G0-G1 phase in HSCs. *ese data suggest that KXRG may
block hepatic fibrogenesis via clearance of activated HSCs or
a direct inhibitory effect on HSC activation.

Finally, we explored the intracellular pathways that
mediate the effects of KXRG on HSC function, focusing on
TGF-β and TLR4 signaling pathways. In mammals, the
TGF-β pathway regulates many cellular functions, including
cell growth [56], differentiation [56], apoptosis [57], ECM
production [58], immunity [59], and embryonic develop-
ment [60]. *e TGF-β pathway has therefore become a
popular target for drug development. For instance, the
expression of TGF-β1 was upregulated in experimental
animal models of hepatic fibrosis induced by CCl4 [61].
Furthermore, the mRNA expression of TGF-β1 increased in
patients with hepatic fibrosis [62]. With the development
and application of drugs that inhibit TGF-β signaling, the
symptoms of hepatic fibrosis have been ameliorated im-
mensely. Some interesting research has shown that liver
fibrogenesis is associated with increased intestinal perme-
ability [63]: lipopolysaccharides (LPS), the most common
metabolites of Gram-negative bacteria, signal via TLR
pathways. TLRs are innate immune signal receptors that can
recognize LPS effectively. Upon TLR activation, cells pro-
duce proinflammatory cytokines such as TNF-α, IL-6, IL-1,
and monocyte chemoattractant protein-1, which further

contribute to liver fibrosis [64]. In in vivo experiments with
TLR4-chimeric mice and LPS challenge, researchers have
shown that quiescent HSCs, the main precursors of myo-
fibroblasts in liver tissues, are the predominant targets
through which TLR4 ligands promote liver fibrogenesis [65].
On the contrary, mice with deficiencies of components of the
TLR4 signaling pathway are less susceptible to liver fibrosis
[66]. In addition, TLR4 activation not only upregulates
chemokine secretion and induces chemotaxis of Kupffer
cells but also downregulated the TGF-β1 pseudoreceptor
Bambi to sensitize HSCs and further allowed unrestricted
activation of Kupffer cells [67]. A previous study indicated
that Oxymatrine alleviated CCl4-induced liver fibrosis by
inhibiting TLR4 and TGF-β1 signaling pathways [68]. Our
results revealed that KXRG, similar to the small-molecule
inhibitors LY2109761 and TAK-242, significantly inhibited
TGF-β1 and TLR4 signaling both in vitro and in vivo. *ese
results indicate that the antifibrotic property of KXRG may
inhibit HSC activity by targeting the TGF-β1 and TLR4
signaling pathways.

5. Conclusion

Our study demonstrated that KXRG attenuated hepatic fi-
brosis through multiple mechanisms both in vitro and in
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Figure 7: KXRG inhibited TGF-β and TLR4 signaling in HSCs. CTRL: Control; MOL: Model; KXRG: Kangxian ruangan; (a) Western blot
of TGF-β signaling-related proteins; (b) and (c) Statistical analysis of TGF-β signaling-related proteins; (d) Western blot of TLR4 signaling-
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Evidence-Based Complementary and Alternative Medicine 11



vivo. *e inhibition of HSC function by KXRG may be
closely correlated with the inhibition of TGF-β1 and TLR4
signaling. In addition, KXRG exerted remarkable hep-
atoprotective activity by suppressing the progression of liver
fibrosis. *e limitation of our current study is the lack of a
positive control group for the treatment effect. *ese data
suggested that KXRG may have the potential as an effective
treatment for NAFLD fibrosis and provide novel cellular
mechanisms because of its antifibrotic effects.
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