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ABSTRACT 

AIM: To investigate the effects of oxymatrine on the 
gene expression profile of hepatic stellate cell (HSC) 
and provide novel insights into the mechanism of 
oxymatrine against hepatic fibrosis. Methods: HSC 
was isolated from normal SD by in situ perfusion of 
collagenase and pronase and density Nycodenz gra- 
dient centrifugation. MTT colorimetry was used to 
study the effect of oxymatrine on the proliferation of 
HSC. Total RNA and mRNA of quiescent HSC, cul- 
ture-activated HSC and oxymatrine treated HSC 
were extracted. Effect of oxymatrine on HSC gene 
expression profile was detected by oligonucleotide 
microarray analysis with Affymetrix gene chip rat 
U230A. Differentially expressed genes were annotated 
with Gene Ontology (GO) and analyzed with Kyoto 
encyclopedia of genes and genomes (KEGG) pathway 
using the Database for Annotation, Visualization and 
Integrated Discovery. Results: Oxymatrine could in- 
hibit the proliferation of HSC in a dose-dependent 
manner. A total of 4641 differentially expressed genes 
were identified by cDNA chip between activated and 
quiescent HSC, among which 2702 genes were up- 
regulated, and 1939 genes were down-regulated in 
activated HSC. cDNA microarray uncovered down- 
regulation of 56 genes in response to oxymatrine, the 
representative genes including alpha 2 type I procol- 
lagen, alpha-1 type I collagen, tissue inhibitor of met- 
alloproteinase 1, interleukin 1 beta, early growth re- 
sponse 1, chemokine ligand 2, chemokine ligand 1, 
CTGF, TGFβ1. The most enriched GO terms in- 

cluded response to wounding, inflammatory response, 
cell migration, cell motility, wound healing, TGFβ 
receptor signaling pathway. KEGG pathway analysis 
revealed that oxymatrine affected the ECM-receptor 
interaction, focal adhesion, cytokine-cytokine recap- 
tor interaction, TGFβ signaling pathway, MAPK sig- 
naling pathway. There were 37 genes upregulated sig- 
nificantly following oxymatrine treatment. The most 
enriched GO terms included oxidation reduction, 
negative regulation of lipoprotein oxidation, regula- 
tion of lipoprotein oxidation, steroid metabolic proc- 
ess, regulation of lipase activity. Six genes were con- 
firmed with QPCR, consistent with microarray. Con- 
clusion: The mechanism of oxymatrine in inhibiting 
liver fibrogenesis is associated with multi-genes and 
multi-pathways regulation. 
 
Keywords: Oxymatrine; Hepatic Stellate Cell; 
Microarray; Bioinformatics Analyses 

1. INTRODUCTION 

Liver fibrosis is a reparative reaction of the liver to vari- 
ous chronic disease states. It is also a common patho- 
logical change that occurs in all chronic hepatic diseases. 
The characteristics of liver fibrosis include misregulation 
of the synthesis and degradation of collagen in the ex- 
tracellular matrix (ECM). Hepatic stellate cell (HSC) is a 
major source of ECM and activation of HSC is one of the 
key steps in the development of liver fibrosis. HSC is 
becoming a major target cell for antifibrotic therapy. To 
inhibit HSC, activation is one of the most important 
strategies for preventing liver fibrosis. *Contributed equally. 

#Corresponding author. Traditional Chinese herbal medicines may contain 
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therapeutic agents for treating hepatic fibrosis [1]. Oxy- 
matrine is a kind of alkaloid extraction derived from a 
Chinese herb Sopbora flavescens Ait. It has been used 
for treating viral hepatitis B, hepatitis C and hepatic fi- 
brosis in recent years in China. The mechanisms of oxy- 
matrine include inhibiting HSC proliferation, inhibiting 
replication of viral hepatitis B and C, regulating immune 
function and so on [2-11]. But its in-depth molecular 
mechanism is still not clear and its molecular target is 
unknown. Gene chip technology is characterized by high 
communication, low consumption and miniaturization, 
thus providing a technological platform to identify and 
characterize changes in gene expression associated with 
the anti-hepatic fibrosis mechanism of traditional Chi- 
nese medicine [12]. 

In this study, microarray analysis was used to screen 
for differentially expressed genes in activated HSC fol- 
lowing oxymatrine treatment. We expect that our results 
will help illustrate the molecular mechanisms involved in 
the HSC activation and highlight potential targets for 
oxymatrine against liver fibrosis. 

2. MATERTIALS AND METHDOS 

2.1. Cell Isolation, Identify and Culture 

HSC was isolated from normal SD rat by collagenase- 
pronase perfusion and subsequent density centrifugation 
on Nycodenz gradients as described previously [13]. 
Purity was tested by retinoid autofluorescence and ex- 
ceeded 95% in all isolations. HSC was cultured in Dul- 
becco’s modified Eagle medium (DMEM) containing 
10% fetal bovine serum (FBS), glutamine, HEPES buffer, 
and antibiotics.  

2.2. Effect of Oxymatrine on HSC Proliferation 

The third to fourth passage of HSC cells were spread 
onto 96-well flat-bottom plates at a density of 5 × 
104/mL, 100 μL per well, and cultured in DMEM in- 
cluding 5% fetal calf serum. Cells were treated with 
oxymatrine (0, 50, 100, 200, 400 μg/mL) for 24 h, 48 h, 
72 h respectively in a 5% CO2 humidified incubator at 
37˚C. Each group was repeated for 6 wells. 200 μL of 
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bro- 
mide (MTT) (5 mg/mL) was added into each well at the  

end of 24 h, 48 h, 72 h respectively. The supernatant was 
removed and 100 μL of DMSO was added to each well 
to dissolve the formazan product. Absorbance at 570 nm 
was measured using a microplate reader. 

2.3. Microarray Experiments and Bioinformatics 
Analysis 

Trizol was used to extract total RNA from HSC accord- 
ing to the manufacture’s instructions. Total RNA was 
purified using an RNeasy® kit (Qiagen, Germany) and 
the quality of RNA was determined. We used rat genome 
430 2.0 array gene chips (Affymetrix, Santa Clara, CA). 
The arrays were hybridized, washed and scanned ac- 
cording to the standard Affymetrix protocol. The gene 
chip tests were performed by professional staffs of 
Shanghai Biochip Company. Chips were scanned with a 
Genechip Scanner 3000 7G (Affymetrix). Data analysis 
was performed using GCOS1.2 software. After back- 
ground correction, we performed normalization for each 
array and gene. Data were filtered based on both signal 
intensity and detection call. Differentially expressed 
genes were annotated with Gene Ontology (GO) and 
analyzed with Kyoto encyclopedia of genes and genomes 
(KEGG) pathway using the Database for Annotation, 
Visualization and Integrated Discovery Bioinformatics 
Resources 6.7 [14] (http://david.abcc.ncifcrf.gov). 

2.4. Quantitative Real-Time PCR (QPCR) 

Six differentially expressed genes were selected for 
QPCR analysis, with glyceraldehydes-3-phosphate de- 
hydrogenase (GAPDH) as a control, to verify the reli- 
ability of the array data. Each selected gene represented 
one effect of oxymatrine on liver fibrosis, alpha-1 type I 
collagen (COL1A1) for ECM deposition, transforming 
growth factor beta 1 (TGFβ 1), CTGF and plate- 
let-derived growth factor alpha (PDGFA) for prolifera- 
tive factors, early growth response 1 (EGR-1) and 
chemokine (C-X-C motif) ligand 2 (CXCL2) for proin- 
flammatory mediators. The primers were delegated to 
Shanghai Sangon Biotech Corporation. Primer sequences 
are listed in Table 1. Six genes and GAPDH were ampli- 
fied using a sequence detection system (ABI PRISM® 
7900HT, ABI, Foster City, CA, USA). Each experiment  

 
Table 1. Primer sequences for the genes to validate the microarray analysis by QPCR. 

Gene name Sense primer Antisense primer 

COL1A1 ACAGACTGGCAACCTCAAGAAG AAGCGTGCTGTAGGTGAATCG 

TGFβ1 ATTCCTGGCGTTACCTTGG CCTGTATTCCGTCTCCTTGG 

CTGF GTTGGCGAACAAATGGCCTT TGCCTCCCAAACCAGTCATAG 
PDGFA CATTTGGCTGGGAAGACGGA CCCACAGGCCAGCTTACTTATT 
EGR-1 TGTGTGACACACCTTGCCGAT TGCTCTAAAGCCTCCCCTGAA 
CXCL2 TGGTTCAGAGGATCGTCCAAA CAGGAGCCCATGTTCTTCCTT 
GAPDH TCCTGCACCACCAACTGCTTAG AGTGGCAGTGATGGCATGGACT  
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was done in triplicate. Relative gene expression was ana- 
lyzed using the 2-ΔΔCT method. 

3. RESULTS 

3.1. Density Centrifugation Achieves 
High-Purity HSC 

Isolation of HSC from normal rat liver usually results in 
at least 95% purity. Cells isolated by this method dis- 
played fluorescent retinoid droplets. Culture-activated 
HSC exhibited myofibroblast-like appearance. 

3.2. Effect of Oxymatrine on HSC Proliferation 

MTT assay indicated that oxymatrine could significantly 
inhibit HSC proliferation dose-dependently compared 
with the control group (P < 0.05) (Table 2). 

3.3. Microarray Analysis 

cRNAs prepared from quiescent HSC and culture-acti- 
vated HSC, were hybridized to a rat genome 430 2.0 
array gene chips. Of the 28,700 genes represented therein, 
4641 genes displayed at least a 1-fold increase or de- 
crease in expression at the P < 0.01 level with a false 
discovery rate. Of these, 2702 genes were upregulated, 
while 1939 genes were downregulated in culture-acti- 
vated HSC. Compared with the culture-activated HSC 
group, there were 56 genes downregulated markedly and 
37 genes upregulated after oxymatrine treatment. The 
representative downregulated genes include alpha 2 type 
I procollagen,alpha-1 type I collagen, tissue inhibitor of 
metalloproteinase 1, interleukin 1 beta, early growth re- 
sponse 1, chemokine ligand 2, chemokine ligand 1, CTGF, 
TGFβ1. The representative upregulated genes include 
cytochrome P450 (family 17, subfamily a, polypeptide 1; 
family 2, subfamily c, polypeptide 7; family 2, subfamily 
d, polypeptide 4; subfamily IIC); D-amino-acid oxidase; 
phytanoyl-CoA 2-hydroxylase; thioredoxin reductase 2. 

3.4. Gene Ontology Analysis 

To elucidate the differential expression genes between 
quiescent HSC and culture-activated HSC, we examined 
 
Table 2. Effect of oxymatrine on HSC proliferation. 

Concentration (μg/ml) 24 h 48 h 72 h 

0 0.466 ± 0.12 0.62 ± 0.14 0.75 ± 0.10

50 0.42 ± 0.04* 0.58 ± 0.13* 0.71 ± 0.08*

100 0.40 ± 0.05* 0.54 ± 0.12* 0.64 ± 0.06*

200 0.36 ± 0.04* 0.47 ± 0.08* 0.54 ± 0.05*

400 0.32 ± 0.14* 0.41 ± 0.03* 0.48 ± 0.09*

Notes: *P  0.05, compared to 0 μg/mL group. 

the functional bias of 4641 differentially expressed tran- 
scripts according to Gene Ontology (GO) classifications. 
These 2702 upregulated transcripts were grouped into 
794 GO based on biological process GO terms. The most 
enriched GO terms included response to wounding, 
wound healing and regulation of cell growth (Table 3). 
Analyses of GO indicated that there were 142 GO terms 
identified by cellular component classification, and 129 
GO terms identified by molecular function classification. 
While, those 1939 downregulated transcripts were group- 
ed into 605 GO based on biological process GO terms. 
The most enriched GO terms included oxidation reduc-
tion, carboxylic acid catabolic process, organic acid cata- 
bolic process, steroid metabolic process, cofactor meta-
bolic process, coenzyme metabolic process (Table 4). 
Analyses of GO indicated that there were 82 GO terms 
identified by cellular component classification, and 183 
GO terms identified by molecular function classification. 

After oxymatrine treatment, these 56 downregulated 
transcripts were grouped into 56 GO based on biological 
process GO terms. The most enriched GO terms included 
response to wounding, inflammatory response, cell mi- 
gration, cell motility, localization of cell, wound healing 
(Table 5). GO of the downregulated transcripts indicated 
that there were 19 GO terms identified by cellular com- 
ponent classification, and 11 GO terms identified by mo- 
lecular function classification. Those 37 upregulated 
transcripts were grouped into 43 GO based on biological 
process GO terms. The most enriched GO terms included 
oxidation reduction, negative regulation of lipoprotein 
oxidation, regulation of lipoprotein oxidation, steroid 
metabolic process, regulation of lipase activity (Table 6). 
GO of the upregulated transcripts indicated that there 
were 13 GO terms identified by cellular component clas- 
sification, and 9 GO terms identified by molecular func- 
tion classification. 

3.5. Kyoto Encyclopedia of Genes and Genomes 
Pathway Analysis 

Analysis of KEGG pathways of these upregulated genes 
revealed many enrichment-related pathways including 
focal adhesion, ECM-receptor interaction, regulation of 
actin cytoskeleton, pathways in cancer, dilated cardio- 
myopathy, hypertrophic cardiomyopathy, TGF-β signal- 
ing pathway, chemokine signaling pathway, p53 signal- 
ing pathway, renal cell carcinoma, Wnt signaling path- 
way, leukocyte transendothelial migration, MAPK sig- 
naling pathway in HSC activation. The top 20 signifi- 
cantly perturbed pathways are listed in Table 7. Analysis 
of KEGG pathways of those downregulated genes re- 
vealed many enrichment-related pathways including drug 
metabolism, metabolism of xenobiotics by cytochrome 

450, complement and coagulation cascades, retinol P  
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Table 3. Top 20 enriched GO terms of the upregulated genes in culture-activated HSC. 

Term Count % P Value Fold Enrichment Bonferroni

GO:0030029-actin filament-based process 67 3.235152 4.47E−19 3.257634793 1.89E−15 

GO:0030036-actin cytoskeleton organization 65 3.13858 6.77E−19 3.304867024 2.87E−15 

GO:0032535-regulation of cellular component size 73 3.524867 1.04E−16 2.811833249 4.70E−13 

GO:0042127-regulation of cell proliferation 147 7.09802 2.45E−16 1.96686418 9.39E−13 

GO:0001944-vasculature development 72 3.476581 2.35E−15 2.703104479 9.86E−12 

GO:0009611-response to wounding 105 5.070014 3.40E−15 2.203444542 1.46E−11 

GO:0007010-cytoskeleton organization 86 4.152583 6.88E−15 2.406301341 2.91E−11 

GO:0001568-blood vessel development 69 3.331724 1.89E−14 2.669315673 7.98E−11 

GO:0001558-regulation of cell growth 57 2.752294 1.92E−14 3.001005787 8.12E−11 

GO:0051270-regulation of cell motion 60 2.897151 3.45E−14 2.870231907 1.46E−10 

GO:0051493-regulation of cytoskeleton organization 42 2.028006 5.49E−13 3.428478846 2.32E−09 

GO:0016477-cell migration 71 3.428296 1.00E−12 2.439143022 4.24E−09 

GO:0010033-response to organic substance 174 8.401738 2.71E−12 1.668322296 1.15E−08 

GO:0040008-regulation of growth 76 3.669725 7.31E−12 2.269216903 3.09E−08 

GO:0009719-response to endogenous stimulus 120 5.794302 9.10E−12 1.863396631 3.85E−08 

GO:0009725-response to hormone stimulus 110 5.311444 1.15E−11 1.919115844 4.88E−08 

GO:0007167-enzyme linked receptor protein signaling pathway 72 3.476581 1.84E−11 2.287984863 7.80E−08 

GO:0030334-regulation of cell migration 51 2.462578 2.09E−11 2.750204027 8.85E−08 

GO:0048514-blood vessel morphogenesis 55 2.655722 2.10E−11 2.631045915 8.87E−08 

GO:0007049-cell cycle 101 4.876871 3.06E−11 1.953629587 1.29E−07 

 
Table 4. Top 20 enriched GO terms of the downregulated genes in culture-activated HSC. 

Term Count % PValue Fold Enrichment Bonferroni 

GO:0055114-oxidation reduction 205 13.82333 7.34E−75 4.026267 2.65E−71 

GO:0046395-carboxylic acid catabolic process 61 4.113284 1.18E−40 7.558894 4.25E−37 

GO:0016054-organic acid catabolic process 61 4.113284 1.18E−40 7.558894 4.25E−37 

GO:0008202-steroid metabolic process 72 4.855024 2.26E−33 5.151377 8.15E−30 

GO:0051186-cofactor metabolic process 79 5.32704 2.73E−33 4.700844 9.84E−30 

GO:0006732-coenzyme metabolic process 69 4.652731 3.48E−32 5.183574 1.26E−28 

GO:0006631-fatty acid metabolic process 73 4.922454 1.58E−30 4.667294 5.70E−27 

GO:0010033-response to organic substance 175 11.8004 1.54E−26 2.26668 5.57E−23 

GO:0016125-sterol metabolic process 41 2.764666 3.29E−23 6.318142 1.19E−19 

GO:0008203-cholesterol metabolic process 39 2.629804 1.06E−22 6.510769 3.84E−19 

GO:0009063-cellular amino acid catabolic process 35 2.360081 1.89E−22 7.253376 6.81E−19 

GO:0008610-lipid biosynthetic process 77 5.192178 2.95E−21 3.293704 1.06E−17 

GO:0009310-amine catabolic process 36 2.427512 4.22E−21 6.556299 1.52E−17 

GO:0046394-carboxylic acid biosynthetic process 54 3.641268 6.98E−21 4.327157 2.52E−17 

GO:0016053-organic acid biosynthetic process 54 3.641268 6.98E−21 4.327157 2.52E−17 

GO:0019748-secondary metabolic process 40 2.697235 3.92E−19 5.283464 1.41E−15 

GO:0016042-lipid catabolic process 48 3.236682 1.62E−18 4.305629 5.83E−15 

GO:0009062-fatty acid catabolic process 25 1.685772 4.14E−18 8.347139 1.49E−14 

GO:0009719-response to endogenous stimulus 111 7.484828 1.23E−17 2.328459 4.43E−14 

GO:0002526-acute inflammatory response 38 2.562374 1.70E−17 5.075061 6.15E−14 
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Table 5. Top 20 enriched GO terms of the downregulated genes following oxymatrine treatment. 

Term Count % PValue Fold Enrichment Bonferroni

GO:0009611-response to wounding 8 20.51282 3.00 E−05 8.148248 0.024235 

GO:0006954-inflammatory response 5 12.82051 0.00128 9.950625 0.649791 

GO:0016477-cell migration 5 12.82051 0.002448 8.33701 0.865675 

GO:0048870-cell motility 5 12.82051 0.005636 6.60332 0.990233 

GO:0051674-localization of cell 5 12.82051 0.005636 6.60332 0.990233 

GO:0042060-wound healing 4 10.25641 0.006646 9.92775 0.995751 

GO:0050866-negative regulation of cell activation 3 7.692308 0.006865 23.1352 0.996454 

GO:0007169-transmembrane receptor protein tyrosine  
kinase signaling pathway 

4 10.25641 0.008958 8.904271 0.99937 

GO:0051924-regulation of calcium ion transport 3 7.692308 0.009432 19.62987 0.999574 

GO:0006952-defense response 5 12.82051 0.011233 5.411744 0.999904 

GO:0006928-cell motion 5 12.82051 0.012942 5.190591 0.999977 

GO:0010959-regulation of metal ion transport 3 7.692308 0.015295 15.24202 0.999997 

GO:0035295-tube development 4 10.25641 0.017339 6.965438 0.999999 

GO:0043269-regulation of ion transport 3 7.692308 0.019624 13.35641 1 

GO:0001773-myeloid dendritic cell activation 2 5.128205 0.019924 95.96825 1 

GO:0043011-myeloid dendritic cell differentiation 2 5.128205 0.019924 95.96825 1 

GO:0007167-enzyme linked receptor protein signaling pathway 4 10.25641 0.023837 6.169388 1 

GO:0002697-regulation of immune effector process 3 7.692308 0.024405 11.88598 1 

GO:0001558-regulation of cell growth 3 7.692308 0.054256 7.666103 1 

GO:0007179-transforming growth factor beta receptor signaling pathway 2 5.128205 0.097891 18.7764 1 

 
Table 6. Top 20 enriched GO terms of the upregulated genes following oxymatrine treatment. 

Term Count % PValue Fold Enrichment Bonferroni

GO:0055114-oxidation reduction 8 23.52941 3.00 E−04 5.645191 0.143049 

GO:0034443-negative regulation of lipoprotein oxidation 2 5.882353 0.004461 431.8571 0.899547 

GO:0034442-regulation of lipoprotein oxidation 2 5.882353 0.004461 431.8571 0.899547 

GO:0008202-steroid metabolic process 4 11.76471 0.006031 10.28231 0.955377 

GO:0060191-regulation of lipase activity 3 8.823529 0.010852 18.24748 0.996334 

GO:0050748-negative regulation of lipoprotein metabolic process 2 5.882353 0.011116 172.7429 0.996804 

GO:0042542-response to hydrogen peroxide 3 8.823529 0.012053 17.27429 0.998036 

GO:0050746-regulation of lipoprotein metabolic process 2 5.882353 0.01553 123.3878 0.999679 

GO:0000302-response to reactive oxygen species 3 8.823529 0.017763 14.0823 0.9999 

GO:0006576-biogenic amine metabolic process 3 8.823529 0.018498 13.78267 0.999932 

GO:0065005-protein-lipid complex assembly 2 5.882353 0.022114 86.37143 0.99999 

GO:0031667-response to nutrient levels 4 11.76471 0.024281 6.125633 0.999997 

GO:0043691-reverse cholesterol transport 2 5.882353 0.024299 78.51948 0.999997 

GO:0034367-macromolecular complex remodeling 2 5.882353 0.02648 71.97619 0.999999 

GO:0000305-response to oxygen radical 2 5.882353 0.02648 71.97619 0.999999 

GO:0034368-protein-lipid complex remodeling 2 5.882353 0.02648 71.97619 0.999999 

GO:0034369-plasma lipoprotein particle remodeling 2 5.882353 0.02648 71.97619 0.999999 

GO:0019216-regulation of lipid metabolic process 3 8.823529 0.028717 10.88715 1 

GO:0009991-response to extracellular stimulus 4 11.76471 0.028978 5.719962 1 

GO:0016042-lipid catabolic process 3 8.823529 0.035712 9.668443 1 
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Table 7. The top 20 significantly perturbed pathways of the upregulated genes in culture-activated HSC. 

Term Count % P Value Fold Enrichment Bonferroni

rno04510: Focal adhesion 51 4.735376 6.34 E−19 4.165242 9.90E−17 

rno04512: ECM-receptor interaction 27 2.506964 9.93E−13 5.308642 1.55E−10 

rno04810: Regulation of actin cytoskeleton 36 3.342618 5.18E−08 2.743222 8.08E−06 

rno05200: Pathways in cancer 40 3.71402 2.74E−05 2.009581 0.004259 

rno05414: Dilated cardiomyopathy 18 1.671309 3.27E−05 3.185185 0.005088 

rno05410: Hypertrophic cardiomyopathy (HCM) 17 1.578459 5.01E−05 3.223104 0.007789 

rno04350: TGF-beta signaling pathway 17 1.578459 6.76E−05 3.148148 0.01049 

rno04540: Gap junction 15 1.392758 4.27E−04 2.949246 0.064515 

rno04110: Cell cycle 19 1.76416 7.69E−04 2.401529 0.113155 

rno04666: Fc gamma R-mediated phagocytosis 15 1.392758 0.001011 2.714646 0.14595 

rno05222: Small cell lung cancer 14 1.299907 0.001758 2.686301 0.240045 

rno04062: Chemokine signaling pathway 22 2.042711 0.002121 2.04895 0.281993 

rno04115: p53 signaling pathway 12 1.114206 0.002359 2.895623 0.308198 

rno05211: Renal cell carcinoma 12 1.114206 0.003385 2.769726 0.410797 

rno04310: Wnt signaling pathway 19 1.76416 0.003846 2.086845 0.451792 

rno04670: Leukocyte transendothelial migration 16 1.485608 0.005063 2.215781 0.546958 

rno04010: MAPK signaling pathway 28 2.599814 0.008006 1.676413 0.714625 

rno05412: Arrhythmogenic right ventricular cardiomyopathy (ARVC) 11 1.021356 0.016154 2.367367 0.921184 

rno05219: Bladder cancer 7 0.649954 0.022754 3.096708 0.972421 

rno04270: Vascular smooth muscle contraction 14 1.299907 0.0235 1.973124 0.975515 

 
metabolism, fatty acid metabolism, PPAR signaling path- 
way in HSC activation. The top 20 significantly per- 
turbed pathways are listed in Table 8. 

KEGG pathways analysis revealed that oxymatrine 
treatment could affect ECM-receptor interaction, focal 
adhesion, cytokine-cytokine receptor interaction, TGF- 
beta signaling pathway, MAPK signaling pathway and 
drug metabolism pathway. The significantly perturbed 
pathways are listed in Table 9. 

3.6. Validation of Microarray Data 

Changes in gene expression profiles observed in the mi- 
croarrays were validated by QPCR analysis by using the 
same total RNAs analyzed in the cDNA microarray ex- 
periments. This verification confirmed that all the QPCR 
results were in agreement with the microarray data (Fig- 
ure 1). 

4. DISCUSSION 

HSC activation is the key point of liver fibrosis. The 
molecular mechanisms underlying the activation of HSC 

are not fully understood. Inhibiting HSC activation is an 
important strategy for prevention and treatment of liver 
fibrosis. 

We explored the mechanism of HSC activation with 
GO and KEGG, our results revealed that HSC activation 
was associated with these biological process GO terms 
including wound healing, regulation of cell growth, oxi- 
dation reduction. And the signaling pathways participat- 
ing HSC activation included focal adhesion, ECM-recep- 
tor interaction, regulation of actin cytoskeleton, TGF-β 
signaling pathway, chemokine signaling pathway, p53 
signaling pathway, Wnt signaling pathway, MAPK sig- 
naling pathway, and PPAR signaling pathway. 

We aimed at exploring the potential targets of oxyma- 
trine in the prevention of hepatic fibrosis with microarray 
and bioinformatics analyses. We found that the most en- 
riched GO terms following oxymatrine treatment include 
response to wounding, inflammatory response, cell mi- 
gration, cell motility, wound healing and oxidation re- 
duction. KEGG pathways analysis revealed that oxyma- 
trine treatment could affect ECM-receptor interaction, 
ocal adhesion, cytokine-cytokine receptor interaction,  f 



J. W. Hu et al. / J. Biomedical Science and Engineering 6 (2013) 49-57 55

  
Table 8. The top 20 significantly perturbed pathways of the downregulated genes in culture-activated HSC. 

Term Count % P Value Fold Enrichment Bonferroni 

rno00982: Drug metabolism 43 4.735683 3.03E−29 7.818436 4.91E−27 

rno00980: Metabolism of xenobiotics by cytochrome P450 35 3.854626 2.89E−23 7.636612 4.68E−21 

rno04610: Complement and coagulation cascades 37 4.07489 1.26E−22 6.919706 2.04E−20 

rno00830: Retinol metabolism 33 3.634361 3.67E−21 7.322272 5.94E−19 

rno00071: Fatty acid metabolism 27 2.973568 2.10E−19 8.415858 3.40E−17 

rno03320: PPAR signaling pathway 32 3.524229 5.13E−17 5.90032 8.31E−15 

rno00280: Valine, leucine and isoleucine degradation 25 2.753304 1.32E−15 7.114856 2.16E−13 

rno00260: Glycine, serine and threonine metabolism 19 2.092511 9.25E−13 7.77298 1.50E−10 

rno00380: Tryptophan metabolism 21 2.312775 5.27E−12 6.393443 8.54E−10 

rno00140: Steroid hormone biosynthesis 20 2.202643 5.60E−11 6.088993 9.07E−09 

rno00650: Butanoate metabolism 17 1.872247 3.43E−10 6.744021 5.56E−08 

rno00120: Primary bile acid biosynthesis 12 1.321586 4.59E−10 10.47307 7.44E−08 

rno00330: Arginine and proline metabolism 20 2.202643 4.06E−09 4.940126 6.58E−07 

rno01040: Biosynthesis of unsaturated fatty acids 13 1.431718 3.84E−08 7.09114 6.22E−06 

rno00640: Propanoate metabolism 15 1.651982 3.85E−08 5.950607 6.24E−06 

rno00983: Drug metabolism 17 1.872247 5.57E−08 5.058016 9.03E−06 

rno00620: Pyruvate metabolism 16 1.762115 6.10E−08 5.370804 9.87E−06 

rno00053: Ascorbate and aldarate metabolism 11 1.211454 7.13E−08 8.470864 1.16E−05 

rno00410: beta-Alanine metabolism 12 1.321586 1.45E−07 7.140728 2.35E−05 

rno00591: Linoleic acid metabolism 14 1.54185 3.41E−07 5.5539 5.52E−05 

 
Table 9. Signaling pathways related to the effects of oxymatrine on HSC. 

Term Count % P Value Fold Enrichment Bonferroni 

rno04512: ECM-receptor interaction 4 7.84 0.003701 12.00215 0.153676 

rno04510: Focal adhesion 5 9.80 0.006411 6.231884 0.251295 

rno04060: Cytokine-cytokine receptor interaction 5 9.80 0.006645 6.168616 0.259209 

rno04350: TGF-beta signaling pathway 3 5.88 0.044285 8.478261 0.869752 

rno04010: MAPK signaling pathway 4 7.84 0.084184 3.654789 0.980885 

rno00982: Drug metabolism 3 8.82 0.024288 11.64583 0.56655 

 
TGF-beta signaling pathway, MAPK signaling pathway 
and drug metabolism pathway. 

According to our results and previous reports, we 
speculate the mechanisms of oxymatrine in inhibiting 
liver fibrosis may include: 1) Inhibiting HSC prolif- 
eration: Our research showed oxymatrine could inhibit 
HSC proliferation in a dose-dependent manner. Oxy- 
matrine has been demonstrated to prevent pig-serum- 
induced liver fibrosis in rats by inhibiting the active- 

tion of HSC and synthesis of collagen [4]. 2) Anti- 
inflammatory effects: Oxymatrine has been demon- 
strated to exhibit anti-inflammatory effects in models 
of heart, brain, liver and intestinal injury through 
blockade of inflammatory signaling [15]. In our study, 
we found oxymatrine could inhibit the expression of 
inflammatory factors such as EGR-1, interleukin-1, 
CXCL 2, CXCL1. 3) Affecting TGF-beta signaling 

athway: Previous study demonstrated oxymatrine  p   
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Figure 1. Validation of microarray data by QPCR. 
 
could modulate the fibrogenic signal transduction of 
the TGF-β-Smad pathway [16]. Clinical studies have 
proved oxymatrine could lower the levels of TGF-β1 
in chronic hepatitis B patients [17]. 4) Against lipid 
peroxidation: Oxidative stress is a major contributing 
factor to the onset of liver fibrosis. Mediators released 
from damaged hepatocytes, such as lipid peroxidation 
products, acetaldehyde as well as ROS (hydrogen 
peroxide, superoxide radical) are strong inducers of 
HSC activation. We found oxymatrine could affect the 
genes related to the biological oxidation, suggesting 
that oxymatrine might induce a decline of oxidative 
stress and lipid peroxidation, and thus inhibiting the 
activation of HSCs. Previous study proved that oxy- 
matrine showed prophylactic and therapeutic effects in 
D-galactosamine-induced rat hepatic fibrosis, partly by 
protecting hepatocytes and suppressing fibrosis accu- 
mulation through acting against lipid peroxidation [18]. 5) 
Affecting MAPK signaling pathway: Previous study 
demonstrated that OM was effective in reducing the pro- 
duction and deposition of collagen in the liver tissue of 
experimental rats via the p38 mitogen-activated protein 
kinase signaling pathway [2]. 

In conclusion, our study revealed many genes impli- 
cated in HSC activation. Oxymatrine could inhibit HSC 
proliferation. The mechanism of oxymatrine was multi- 
level, multi-targeted and had multiple pathways. The 
intriguing findings of altered gene expression provide a 
molecular basis of oxymatrine in the treatment of liver 
fibrosis. 
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