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Abstract
AIM: To investigate the anti-hepatofibrotic effects of 
Gardenia jasminoides  in liver fibrosis. 

METHODS: Male Sprague-Dawley rats underwent 
common bile duct ligation (BDL) for 14 d and were 
treated with Gardenia jasminoides  by gavage. The ef-

fects of Gardenia jasminoides  on liver fibrosis and the 
detailed molecular mechanisms were also assessed in 
human hepatic stellate cells (LX-2) in vitro .

RESULTS: Treatment with Gardenia jasminoides  de-
creased serum alanine aminotransferase (BDL vs  BDL + 
100 mg/kg Gardenia jasminoides , 146.6 ± 15 U/L vs  77 
± 6.5 U/L, P  = 0.0007) and aspartate aminotransfer-
ase (BDL vs  BDL + 100 mg/kg Gardenia jasminoides , 
188 ± 35.2 U/L vs  128 ± 19 U/L, P  = 0.005) as well 
as hydroxyproline (BDL vs  BDL + 100 mg/kg Gardenia 
jasminoides , 438 ± 40.2 μg/g vs  228 ± 10.3 μg/g liver 
tissue, P  = 0.004) after BDL. Furthermore, Gardenia 
jasminoides  significantly reduced liver mRNA and/or 
protein expression of transforming growth factor β1 
(TGF-β1), collagen type Ⅰ (Col Ⅰ) and α-smooth mus-
cle actin (α-SMA). Gardenia jasminoides  significantly 
suppressed the upregulation of TGF-β1, Col Ⅰ and 
α-SMA in LX-2 exposed to recombinant TGF-β1. More-
over, Gardenia jasminoides  inhibited TGF-β1-induced 
Smad2 phosphorylation in LX-2 cells. 

CONCLUSION: Gardenia jasminoides  exerts antifibrot-
ic effects in the liver fibrosis and may represent a novel 
antifibrotic agent. 
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INTRODUCTION
Chronic liver injury causes the accumulation of  extra-
cellular matrix (ECM) such as α-smooth muscle actin 
(α-SMA) in the liver and subsequently contributes to liver 
fibrosis and later cirrhosis[1-6]. This eventually leads to he-
patic dysfunction, portal hypertension, and hepatocellular 
carcinoma (HCC)[7-9]. Hepatic stellate cells (HSC) are the 
principal liver cells that promote liver fibrosis[3,9-12]. Upon 
activation by various stimuli such as transforming growth 
factor (TGF)-β1, HSC transdifferentiate into myofibro-
blasts and then produce excessive ECM proteins, result-
ing in liver fibrosis[13-15]. Strategies aimed at disrupting 
TGF-β1 synthesis and/or signaling pathways markedly 
ameliorates liver fibrosis in an experimental model[16].

Herbal medicines have been frequently investigated 
for their hepatoprotective and antifibrotic effects in both 
humans[17] and animal models[18]. A number of  studies 
have shown that administration of  Chinese herbs lead 
to a decrease in hepatic TGF-β1 expression and sever-
ity of  fibrosis in rats[19,20]. Yin-Chen-Hao-Tang (YCHT) 
decoctions have long been used as antiinflammatory, an-
tipyretic, choleretic and diuretic agents for liver disorders 
and jaundice. Several studies provide clinical evidence of  
its effectiveness in the treatment of  various liver disease. 
YCHT is an aqueous extract derived from three herbs: 
Artemisia capillaries Thunb (Herba Artemisiae Capillaris, 
Yin-Cen-Hao), Gardenia jasminoides Ellis (Fructus Gardeniae, 
Zhi-zi) and Rheum officinale Baill (Emodin, Da-huang) with 
a ratio of  4:3:1 in weight. YCHT was reported to sup-
press liver fibrosis in rats induced by a choline-deficient 
diet[21]. Long-term administration of  YCHT in rats ame-
liorated hydrophilic bile acids-induced hepatic injury 
presumably by reducing oxidative stress and the degree 
of  hepatic fibrosis[22]. These studies have indicated that 
YCHT as a promising therapeutic agent in chronic liver 
disease. Recent studies showed that Artemisia capillaries 
and Emodin (the main compound of  Rheum officinale) are 
well-known herbal hepatotherapeutic drugs for the treat-
ment of  liver fibrosis[23-25]. However, whether Gardenia 
jasminoides has an anti-fibrotic effect on liver fibrosis and 
the involved detailed mechanism has not been fully un-
derstood yet. 

The aim of  the current study is to investigate the ben-
eficial effects of  Gardenia jasminoides on liver fibrosis using 
the bile duct ligation (BDL) rat model in vivo and TGF-
β1-stimulated HSCs in vitro. 

MATERIALS AND METHODS
Materials
Recombinant human TGF-β1 was obtained from R 

and D (Minneapolis, MN, United States). α-SMA and 
TGF-β1 antibodies were purchased from Abcam (Cam-
bridge, MA, United States). Phospho-Smad2 and Smad2 
antibodies were obtained from Cell Signaling Technology 
(Boston, MA, United States). α-tubulin antibody was 
purchased from Sigma-Aldrich (St. Louis, MO, United 
States). DMEM and fetal bovine serum (FBS), penicillin/
streptomycin and trypsin were obtained from Invitrogen 
(Carsbad, CA, United States). Gardenia jasminoides stan-
dard (purity > 99%) was purchased from the Institute of  
Chinese Pharmaceutical and Biological Products. 

Preparation of Gardenia jasminoides
Gardenia jasminoides was prepared as described previ-
ously[22] by boiling the dried Gardenia jasminoides fruits with 
distilled water for 5 h. The extract was filtered, freeze-
dried, and kept at 4  ℃. The yield of  water extract of  Gar-
denia jasminoides was 8.33% (w/w). The dried extract was 
dissolved in distilled water before use. 

Animal experiments 
All animal experimental protocols were approved by the 
local animal care and use committee according to criteria 
outlined in Guide for the Care and Use of  Laboratory 
Animals from the National Academy of  Sciences (Na-
tional Institutes of  Health publication 86-23, 1985 revi-
sion). For experiments with BDL, rats were randomly 
divided into five groups (n = 8). Each day, four animals 
underwent BDL, and a sham-operated animal was used 
as a healthy control. Twenty-four hours after surgery, the 
four BDL animals were randomly assigned to receive 14 
d of  daily gavage consisting of  ddH2O (the treatment 
control and vehicle), while treatment groups received 
25, 50 and 100 mg/kg Gardenia jasminoides (suspended 
in ddH2O) by gavage. The sham controls also received 
ddH2O by gavage. At the end of  experiment, rats were 
anesthetized, serum was collected and livers were re-
moved. Some portions of  liver tissue were fixed in 10% 
formalin or embedded in paraffin specimen medium. 
Others were snap frozen in liquid nitrogen and stored at 
-80  ℃ until use. 

Serum biochemistry and liver histology 
Serum alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) were analyzed with kits from 
Thermo Fisher Scientific (United States). Formalin-fixed 
tissue was embedded in paraffin, and sections of  liver (4 
μm) were stained with hematoxylin and eosin (HE) to 
evaluate the morphological changes and stage of  liver 
fibrosis according to the Ishak Stage Score. The liver hy-
droxyproline content was measured as described[26].

Quantitative real-time polymerase chain reaction 
Total RNA was extracted using TRIzolTM Reagent (In-
vitrogen, United States) according to the manufacturer’s 
instructions. Total RNA (1 μg) was reverse transcribed, 
followed by quantitative real-time reverse transcription 
polymerase chain reaction (qRT-PCR) using the Bio-Rad 
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iCycler Iq system. The qRT-PCR reactions were car-
ried out in a total volume of  25 μL containing 12.5 μL 
of  SYBR Premix Ex TaqTM (2 ×) (TaKaRa Biotechnol-
ogy Co., Ltd, Dalian, China), 2 μL of  cDNA, 5 pmol 
of  forward and reverse primers, and 9.5 μL of  distilled 
H2O. The sequences of  the rat and human primers used 
are listed in Table 1, respectively. PCR was performed at 
95  ℃ for 30 s, and then run for 45 cycles at 95 

℃ for 5 
s and 60 

℃ for 20 s. The relative amount of  mRNA was 
calculated using the comparative Ct (ΔΔCt)[27]. The glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) gene 
was used as a reference for normalizing data. The derived 
normalized values were the mean of  three runs.

Western blotting
Total proteins were extracted and subjected to SDS-
PAGE and analyzed by immunoblotting as described pre-
viously[28]. Primary antibodies against α-SMA, p-Smad2, 
Smad2 and α-tubulin were used. Horseradish peroxidase-
coupled secondary antibodies were bought from Pro-
mega (Promega). The protein bands were detected em-
ploying ECL chemiluminescence (Thermo Scientific).

Cell culture 
LX-2, a well-characterized cell line derived from hu-
man HSCs, was used in the in vitro studies. Recombinant 
TGF-β1 and Gardenia jasminoides (Standard) were used 
at doses shown in individual figure legends. Cells were 
cultured in DMEM supplemented with 10% fetal bovine 
serum, 1 mmol/L L-glutamine, and 100 IU/mL strepto-
mycin/penicillin. 

Statistical analysis
SPSS version 16.0 for Windows was used for all analysis. 
All values are expressed as mean ± SD. The statistical sig-
nificance between experimental groups was determined 
by t test or analysis of  variance. P values < 0.05 were 
considered statistically significant. 

RESULTS
Treatment with Gardenia jasminoides attenuated liver 
fibrosis in BDL rats 
Both BDL and sham-operated rats were orally admin-
istered continuously either with the vehicle or Gardenia 

jasminoides (25, 50, 100 mg/kg body weight) for 2 wk. 
BDL in rats is associated with significant increases in 
liver fibrosis; this was confirmed by HE staining of  liver 
tissues. In contrast, Gardenia jasminoides treatment groups 
had significantly less liver fibrosis (Figure 1), with the 
lowest scores in the 100 mg/kg Gardenia jasminoides treat-
ment group. 

Gardenia jasminoides treatment also reduced the el-
evated levels of  serum ALT and AST, which are indica-
tors of  hepatocellular damage induced by BDL (Figure 
2A and B). Hydroxyproline analysis revealed significantly 
lower levels of  this fibrosis marker in the livers of  the 
Gardenia jasminoides treatment groups (Figure 2C). This 
was also confirmed by hepatic histology. In particular, 
the hydroxyproline content in the 100 mg/kg group was 
reduced to levels similar to those in the control group. 

To uncover the mechanisms underlying this benefi-
cial phenomenon, we investigated the effects of  Gardenia 
jasminoides on the expression of  fibrotic gene. mRNA 
expression of  TGF-β1 and collagen Ⅰ (Col Ⅰ) was 
significantly reduced in the livers of  Gardenia jasminoi-
des treatment groups (Figure 2D and E). Western blot 
analysis also revealed a significant reduction in α-SMA 
protein expression in the livers of  groups treated by 50 
and 100 mg/kg Gardenia jasminoides, respectively (Figure 
2F). Taken together, these data suggest that the Gardenia 
jasminoides therapy greatly reduces fibrosis formation in 
BDL rats.

Treatment with Gardenia jasminoides attenuates 
TGF-β1-induced HSC activation 
Because Gardenia jasminoides reduced markers of  hepatic fi-
brosis in BDL rats, we next examined whether this therapy 
has similar antifibrotic effects in a human HSC line (LX-2 
cells). The mRNA levels of  TGF-β1 and Col Ⅰ were sig-
nificantly increased in response to recombinant TGF-β1 
for 24 h. However, Gardenia jasminoides downregulated the 
mRNA levels of  TGF-β1 and Col Ⅰ in LX-2 exposed to 
TGF-β1 in a dose-dependent manner (Figure 3A and B). 
The protein expression of  α-SMA as detected by West-
ern blotting was also reduced in LX-2 cells after Gardenia 
jasminoides treatment (Figure 3C). Together, these results 
indicate that Gardenia jasminoides exerts its antifibrotic ef-
fects in the liver by repressing TGF-β1, Col Ⅰ and α-SMA 
expression. 
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Table 1  Primer sequences for real-time reverse transcription polymerase chain reaction

Gene Primer sequences Size (bp) Accession number

Rat              TGF-β1 Forward: 5'-TACAACAGCACCCGCGACCG-3' Reverse: 5'-TGCGTTGTTGCGGTCCACCA-3' 117 NM_021578.2
                    Col Ⅰ Forward: 5'-ACCGGGCCGATGATGCCAAC-3' Reverse: 5'- ATGTGCGGGCGGGGTTCTTG-3' 129 NM_053304.1
                    GAPDH Forward: 5'-GGGCTCTCTGCTCCTCCCTGTTC-3' 107 NM_017008.3

Reverse: 5'-ACGGCCAAATCCGTTCACACC-3'
Human      TGF-β1 Forward: 5'-TGTTCGCGCTCTCGGCAGTG-3' Reverse: 5'-GCCTCGATGCGCTTCCGCTT-3' 184 NM_000660.4
                    Col I Forward: 5'-GAGCGGACGCTAACCCCCTC-3' Reverse: 5'-AGGGCGGTGGCCGCTAAGAG-3' 110 NM_000088.3
                    GAPDH Forward: 5'-CAGCCTCCCGCTTCGCTCTC-3' 143 NM_002046.4

Reverse: 5'-ACCAGGCGCCCAATACGACC-3'

TGF-β1: Transforming growth factor-β1; Col Ⅰ: Collagen type Ⅰ; GAPDH: Glyceraldehydes-3-phosphate dehydrogenase. 
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with cholestatic liver diseases. As seen in this report, this 
hypothesis is supported by our experimental results. Bio-
chemical and gene expression analyses demonstrated that 
elevated markers of  liver dysfunction such as ALT and 
AST were reduced by Gardenia jasminoides. 

Continuous accumulation of  the ECM causes hepa-
tofibrosis. Collagen is the main component of  the ex-
tracellular matrix in fibrotic tissue[3]. Hydroxyproline, a 
major component of  collagen, was used as an indicator 
for evaluation of  the degree of  liver fibrosis[33]. Gardenia 
jasminoides treatment (50 and 100 mg/kg) significantly 
attenuated collagen accumulation as evidenced by the in-
hibition of  BDL-elevated hydroxyproline concentrations 
and the proportion of  fibrotic tissue. 

It is well-known that HSCs activation plays a piv-
otal role in the process of  liver fibrosis, and α-SMA is 
a marker of  activated HSCs[12,34,35]. In the current study, 
Western blotting indicated that Gardenia jasminoides (50 
and 100 mg/kg) markedly suppressed the activation of  
HSCs. To determine whether human cells would show 
react similarly to Gardenia jasminoides, we treated human 
HSCs cell line, LX-2 cells, with different concentrations 
of  Gardenia jasminoides. In contrast to vehicle, Gardenia jas-
minoides decreased the expression of  TGF-β1, Col Ⅰ and 
α-SMA. These data are consistent with the results of  our 
in vivo study. Together, these results provide compelling 
evidence supporting the beneficial effects of  Gardenia jas-
minoides on the rat model of  cholestasis and human liver 
cells. 

Further analysis of  this antifibrotic effect suggests 
that Gardenia jasminoides suppressed the expression of  
Col Ⅰ and α-SMA via the TGF-β1/Smad2 signaling 

Gardenia jasminoides reduces Smad2 phosphorylation 
in TGF-β1-stimulated LX-2 cells 
Phosphorylated Smad2 plays an important role in the 
activation of  TGF-β1-induced Col Ⅰ and α-SMA ex-
pression[29-31]. To determine whether Gardenia jasminoides 
attenuation of  Col Ⅰ and α-SMA expression is mediated 
through this pathway, we measured Smad2 expression 
and phosphorylation levels. As shown in Figure 4, Garde-
nia jasminoides significantly reduced Smad2 phosphoryla-
tion induced by TGF-β1 in LX-2 cells without affecting 
the total amount of  Smad2, thereby suggesting that the 
inhibitory effects of  Gardenia jasminoides on the expres-
sion of  Col Ⅰ and α-SMA is mediated by the blocking of  
TGF-β1-stimulated Smad2 phosphorylation. 

DISCUSSION
Liver fibrosis is a key risk factor for the development of  
cirrhosis and chronic liver failure. Activation of  HSCs is 
a crucial component of  this process[11,12]. In the current 
study, we evaluated the therapeutic effects of  Gardenia jas-
minoides in vivo in a BDL cholestatic rat model and in vitro 
in human hepatic cells. 

Chronic cholestasis leads to liver necrosis, fibrosis, and 
cirrhosis, partly due to an accumulation of  toxic bile acids 
in the liver[32]. Therapy with Gardenia jasminoides is based 
on the hepatoprotective properties of  YCHT decoctions 
containing Gardenia jasminoides[22]. Because previous studies 
have demonstrated that the other two ingredients, Arte-
misia capillar Thunb and Rheum officinale Baill, have hepa-
toprotective properties, we hypothesized that Gardenia 
jasminoides might also improve hepatic function in patients 
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pathway. HSCs are the major target of  TGF-β1, which 
helps to stimulate the transdifferentiation of  HSCs into 
fibrogenic myofibroblasts[36]. The production of  TGF-β1 
is upregulated in myofibroblasts and proliferating bile 

duct epithelia after BDL, which further contribute to the 
fibrogenic process in an autocrine/paracrine manner[37]. 
Downstream signaling in HSCs involves signaling tran-
scription factors such as Smad2. In addition, TGF-β1 is 
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thought to mediate the activation of  Smad2 through its 
phosphorylation[38]. Here, we found that Gardenia jasminoi-
des reduced Smad2 phosphorylation in a dose-dependent 
manner using LX-2 cells. These findings are consistent 
with a significant antifibrotic effect of  Gardenia jasminoides 
mediated through the inhibition of  the TGF-β1/Smad2 
pathway. How Gardenia jasminoides represses Smad2 phos-
phorylation remains to be determined. 

In summary, we demonstrate that Gardenia jasminoi-
des improves the therapeutic response in a rat model of  
cholestasis and in vitro in human hepatic cells. These find-
ings suggest that Gardenia jasminoides might be beneficial 
in patients with chronic cholestatic disorders. To further 
elucidate the detailed mechanisms, additional comparative 
studies will be needed to investigate the hepatoprotective 
of  Gardenia jasminoides on other liver disease models as 
well as patients with liver fibrosis. 
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Figure 4  Gardenia jasminoides significantly reduced transforming growth 
factor-β1-induced Smad2 phosphorylation and Smad2 protein expression 
in LX-2 cells. Cells were exposed to transforming growth factor-β1 (TGF-b1) 
(5 ng/mL) in combination with the indicated concentrations of Gardenia jasmin-
oides or vehicle for 24 h. The expression of p-Smad2 and Smad2 in LX-2 cells 
was evaluated by Western blotting. bP < 0.01 vs sham; cP < 0.05, dP < 0.01 vs 
TGF-β1 + vehicle (n = 3). 
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components of YCHT decoctions, has anti-fibrotic effect on liver fibrosis and the 
involved detailed mechanism has not been fully understood yet. In the present 
study, the anti-hepatofibrotic effects of Gardenia jasminoides were evaluated.
Research frontiers
Strategies aimed at disrupting transforming growth factor β1 (TGF-β1) synthe-
sis and/or signaling pathways markedly ameliorates liver fibrosis in experimen-
tal model. Inhibition of TGF-β1 signaling pathway may be related to the protec-
tive effects of Gardenia jasminoides on the bile duct ligation (BDL) rat model in 
vivo and TGF-β1-stimulated HSCs in vitro. 
Innovations and breakthroughs
Treatment with Gardenia jasminoides decreased serum alanine aminotrans-
ferase and aspartate aminotransferase as well as hydroxyproline after BDL. 
Protective mechanisms of Gardenia jasminoides are associated with reduced 
hepatic mRNA and/or protein expression of TGF-β1, collagen type Ⅰ (Col Ⅰ) 
and α-smooth muscle actin (α-SMA). Gardenia jasminoides significantly sup-
pressed the expression of TGF-β1, Col Ⅰ and α-SMA in hepatic stellate cells 
exposed to recombinant TGF-β1. Moreover, Gardenia jasminoides inhibited 
TGF-β1-induced Smad2 phosphorylation in hepatic stellate cells.
Applications
By understanding the effects and mechanism of Gardenia jasminoides on liver 
fibrosis, the present study may present a promising strategy in the treatment of 
patients with liver fibrosis. 
Peer review
The present manuscript describes the effect of Gardenia jasminoides extract 
(YCHT) on the process of fibrosis that develops in rat liver after ligation of the 
common bile duct. This Chinese herbal medicine reduced the levels of serum 
transaminases, hydroxyproline, TGF-β1 (and its mRNA), collagen type 1 and 
α-smooth muscle actin. The treatment also decreases the TGF-β1-induced 
Smad2 phosphorylation in a human stellate cell line LX-2. This study clearly 
demonstrates that treatment of fibrosis, even by classical medical treatment has 
an effect. 
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