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[ABSTRACT] Oleanolic acid (OA) is a pentacyclic triterpenoid compound extracted from olea europaeal, a traditional Chinese medi-
cine herb. OA has been used in the clinic as a hepatoprotective medicine in China since 1970s. In our previous study, we observed that 
OA could ameliorate hyperlipidemia in animal models. In the present study, we conducted a small-scale clinical trial to evaluate the 
hypolipidemia effect of OA in hyperlipidemic patients. Hyperlipidemic patients were administrated with OA for four weeks (4 tablets 
once, three times a day). The blood samples of the patients were collected before and after OA treatment. The biological parameters 
were measured. Furthermore, three patients’ blood samples were studied with DNA microarray. After OA administration, the TC, TG, 
and HDLC levels in serum decreased significantly. DNA microarray analysis results showed that the expressions of 21 mRNAs were 
significantly changed after OA treatment. Bioinformatics analysis showed 17 mRNAs were up-regulated and 4 mRNAs were 
down-regulated significantly after OA treatment. Five mRNAs (CACNA1B, FCN, STEAP3, AMPH, and NR6A1) were selected to 
validate the expression levels by qRT-PCR. Therefore, OA administration differentially regulated the expression of genes involved in 
lipid metabolism. The data showed a clinical evidence that OA could improve hyperlipidemia and also unveiled a new insight into the 
molecular mechanisms underlying the pharmacological effect of OA on hyperlipidemia. 
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Introduction 

Common metabolic diseases include hyperlipidemia, 
type 2 diabetes, central obesity, and non-alcoholic fatty liver 
disease, affecting millions of people’s life worldwide [1]. Hy-
perlipidemic patients have abnormally elevated levels of lip-
ids and/or lipoproteins in the blood. In the clinic, statins and 
fibrates have been used for the treatment of hyperlipidemia. 
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Statins are inhibitors of 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase. As we know, the enzyme 
plays a vital role in the synthesis of cholesterol by catalyzing 
the conversion of HMG-CoA to mevalonate [2-3]. However, 
10%-15% of statin users have developed statin-related mus-
culoskeletal side effects. Those side effects differ from tem-
porarily disabling muscle cramps and myalgia to serious 
rhabdomyolysis [3-4]. On the other hand, fibrates have a major 
impact on TG metabolism as well as on modulating LDL size 
and subclasses [5-6]. However, the most serious adverse effects 
of fibrates are myopathy and subsequent rhabdomyolysis. 
Liver toxicity with fibrate treatment is also reported but is 
rarely correlated with significant liver injury [7-8]. Therefore, 
pharmacologists and medicinal chemists are dedicated to 
discovering the effective and low toxic drugs for treating 
hyperlipidemia.  

Oleanolic acid (OA) is a pentacyclic triterpenoid com-
pound extracted from olea europaeal, a traditional Chinese 
medicine herb. OA and its derivatives possess several prom-
ising pharmacological activities, such as hepatoprotective, 
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anti-inflammatory, antioxidant, anticancer, anti-obesity, and 
antidiabetic effects [9-10]. Furthermore, OA has hypolipidemic 
and anti-atherosclerosis effects on several atherosclerosis 
models including the rabbit, the C57BL/6J mice with high-fat 
diet induced hyperlipidemia, and LDLR-knockout mice [11-12]. 
To the best of our knowledge, there has been by far no clinical 
evidence for OA to exhibit lipid-lowering effect in hyperlipi-
demic patients.  

In the present study, we conducted a proof- of-concept 
clinical trial on oleanolic acid as a lipid-lowering agent. After 
administration with OA, the hyperlipidemic patients’ serum 
lipids profile was analyzed, and the blood samples before OA 
treatment were used as self-control. Furthermore, the whole- 
genome microarray analysis was performed. Four top-ranked 
mRNAs were selected and validated by real-time PCR. The 
results showed that OA held great promise as a clinically effec-
tive lipid-lowering agent. Moreover, analysis of the possible 
biological pathways mediated by OA showed that this drug 
might be able to overcome insulin resistance.  

Material and Methods  

Treatment of patients and collection of blood samples 
Fifteen patients diagnosed with hyperlipidemia from Ji-

angsu Renmin Hospital were recruited into this clinical study. 
They were given OA treatment for four weeks. Subject char-
acteristics and biochemical parameters are summarized in 
Table 1. The blood samples were collected at Week 0 and 
Week 4, respectively. Subjects provided informed consent, 
and the Medical Ethics Committee of First Affiliated Hospital, 
Nanjing Medical University (Nanjing, China) approved the 

study. No. 2013-SR-042, Date：2013-06-03 

Total RNA extraction and purification 
Total RNA isolation from whole blood samples was 

performed according to the manufacturer’s instructions using 
the RNeasy Mini Kit (Qiagen, Santa Clarita, CA, USA) for mRNA 
and miRNeasy Mini Kit for miRNA (Qiagen), and quantified 
by the NanoDrop ND-2000 (Invitrogen, Carlsbad, CA, USA). 
The extracted total RNA was purified with the QIAGEN 
RNeasy Mini Kit (Qiagen, Santa Clarita, CA, USA). The RNA 
integrity was assessed using Agilent Bioanalyzer 2100 (Agilent 
Technologies, Santa Clara, CA, USA). RNAs with RIN≥7.0    

and 28 S/18 S> 0.7 were accepted for microa        rray analysis.  
DNA microarray 

Total RNA was cleaned-up using RNasey Mini Kit 
(Qiagen). RNA was transcribed to double strand cDNA, then 
synthesized into cRNA and labeled with Cyanine-3-CTP. The 
labeled cRNAs were hybridized onto the Agilent SurePrint 
G3 Human Gene Expression (Agilent Human Gene Expres-
sion: 8*60K, Design ID: 039494). Microarray washed by GE 
Wash Buffer 1 and GE Wash Buffer 2 (Gene Expression Wash 
Buffer kit, Agilent p/n 5188–5325, 5188–5326). The arrays 
were scanned by the Agilent Scanner G2505C (Agilent Tech-
nologies, Santa Clara, CA, USA). Feature Extraction software 
(version10.7.1.1, Agilent Technologies) was used to analyze 
array images to get raw data and Genespring was employed to 

finish the basic analysis with the raw data. The raw data were 
normalized with the quantile algorithm. The probes that at 
least 100% of the values in any 1 out of all conditions had 
flags in "Detected" were chosen for further data analysis. 
Differentially expressed genes were then identified through 
fold change as well as P value calculated with t-test. The 
threshold set for up- and down-regulated genes was a fold 
change ≥ 2.0 and a P value ≤ 0.05. Afterwards, GO analysis 
and KEGG analysis were applied to determine the roles of 
these differentially expressed mRNAs. Finally, Hierarchical 
Clustering was performed to display the distinguishable 
genes’ expression pattern among samples. 

Table 1  Biological parameters of patients with hyperlipidemia 
before and after treated with OA. W0: before treatment with 
OA; W4: 4 weeks after treatment with OA   

 W0 W4 

Age (y) 53.1 ± 2.1 

Sex (M/F) 11/4 

Systolic Pressure (mmHg) 134.9 ± 3.9 135.0 ± 3.7 

TC (mmol·L–1) 5.2 ± 0.3 4.8 ± 0.3 

TG (mmol·L–1) 3.3 ± 0.7 2.3 ± 0.5 

ALT (IU·L–1) 29.53 ± 4.1 28.5 ± 3.8 

AST (IU·L–1) 25.8 ± 2.2 24.3 ± 1.8 

HDL (mmol·L–1) 1.2 ± 0.1 1.3 ± 0.1 

LDL (mmol·L–1) 2.8 ± 0.4 2.4 ± 0.4 

Leptin (mmol·L–1) 6.3 ± 1.0 6.6± 1.1 

Glu (mmol·L–1) 6.1 ± 0.3 5.6 ± 0.4 

BMI (Kg·m–2) 26.6 ± 0.9 26.8± 0.8 

Body Weight (kg) 75.5 ± 2.4 76.1 ± 2.4 

Body Height (m) 1.7 ± 0.0 1.7± 0.0 

Waist Circumference (cm) 88.7 ± 2.0 89.7 ± 1.7 

Hip Circumference (cm) 96.8 ± 1.5 98.1 ± 1.5 

WBC (10·9·L–1) 6.9 ± 0.4 6.6 ± 0.5 

N (10·9·L–1) 3.8 ± 0.2 3.5 ± 0.2 

RBC (10·12·L–1) 5.1 ± 0.1 5.0 ± 0.1 

HBG (g·L–1) 155.3 ± 2.2 153.6 ± 3.2 

PLT (10·9·L–1) 215.5 ± 9.6 213.2 ± 11.2 

γ-GT (IU·L–1) 38.6± 4.7 37.1± 4.1 

CK (IU·L–1) 150.7 ± 75.8 102.0 ± 15.9 

LP (a)(mg·L–1) 177.3 ± 47.6 201.4 ± 51.1 

BUN (mmol·L–1) 5.1 ± 0.3 5.1± 0.3 

Cr (μmol·L–1) 72.0 ± 4.0 77.9 ± 5.2 

UA (μmol·L–1) 396.9 ± 29.4 387.0 ± 22.9 

CRP (mg·L–1) < 3.17 < 3.17 

HbA1c (%) 5.7 ± 0.2 5.6 ± 0.2 

Fasting Insulin (μU·mL–1) 11.5 ± 1.8 10.8 ± 0.8 
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qRT-PCR 
To validate the reliability of the microarray data, a two- 

step reaction process was used to detect the levels of differen-
tially expressed genes including five mRNAs. For the mRNA 
qPCR, 1 µg of total RNA per sample was reverse transcribed 
into cDNA using the PrimeScript RT reagent kit (Takara Bio-
technology, Dalian, China) according to the manufacturer’s 

instructions. The products of RT were analyzed using an 
Agilent MX 3000 with the SYBR® Premix Ex Taq™ II (Ta-
kara Biotechnology) according to the manufacturer’s instruc-
tions. Each sample was analyzed in triplicate. GAPDH was 
used as the housekeeping gene, and the primers of real-time 
qPCR were designed and produced by Takara Biotechnology 
(Table 2). 

Table 2  Primers used for real-time qPCR (SYBR Green) 

Gene Sense Primer (5'-3') Antisense Primer (5'-3') 

CACNA1B 
TTCAGAGATGCCTGGAATG 
GAGAGAAAGACCATGCTCAG 

AGGTTGATGAAATTGTTCGTT 
GACACACCACCATCAACT 

FCN 
GTTCCCATCTAGCATCCG 
ACAGAACAAAGAGCCCAT 

TCTGACCTTACTCACCGC 
AGAAGACATTAAAGACGGTCC 

STEAP3 
TCCACCAAAGCTACAAACC 
CGTTAAGAGAAGAGCAGATCAT 

GTCAGTAGGGAGCAGCAA 
GTGGGCAGGGATAAATCGAA 

AMPH 
AATGGAGCATGTGTGCAA 
AAGGATGAGAGTCGAATCTCTA 

CAAAGCACAAACAAACCTGTTA 
TCCAACTCGTCTTGACCATAA 

NR6A1 
ACAGAACAAAGAGCCCAT 
GTTCCCATCTAGCATCCG 

AGAAGACATTAAAGACGGTCC 
TCTGACCTTACTCACCGC 

GAPDH TGTTGCCATCAATGACCCCTT CTCCACGACGTACTCAGCG 

 
Statistical analysis 

Statistical analysis was performed using graphpad prism 

6.0.(GraphPad Software，USA). The values were expressed as 

means ± SD for parametric data. Differences between groups were 
compared using student’s t-test. Expression ratios were sub-
jected to a Log2 transformation to produce the fold-change data. 
Correlation between the expression levels of mRNA expres-
sion profiles were calculated using Pearson’s correlation analysis. 

A value of P < 0.05 was considered statistically significant. 

Results 

Study design 
As shown in Fig. 1, a multi-step approach was adopted to 

identify the mRNA targets of microarray. Experimental design of 
the work discriminating the biological samples used total RNA 
extraction, hybridizations, and microarray data analysis. 

 

Fig. 1  The process of experimental design of the work discriminating the biological samples (human sample before treatment 
 and human sample after treatment with OA for four weeks) and selection of genes in microarray analysis 

 
Differential mRNAs expression from patient treatment with OA 

An mRNA expression profiling analysis was carried out. 
There were 21 mRNAs showing significant differences in 

expression profile (Fig. 2). The expression levels of 17 
mRNAs were up-regulated and 4 were down-regulated after 
OA treatment for 4 weeks.  
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Fig. 2  Hierarchical clustering of differentially expressed genes before and after OA treatment. Each row represents a differen-
tially expressed gene, while each column represents a sample. In the heatmap, green represents genes that were down-regulated 
and red represents genes that were up-regulated. The expression scale is log2-based and P ≤ 0.05 are considered as significantly 
differentially expressed. The data are z-score transformed and are indicated by the color bar below the heatmap 

 
Gene ontology (GO) analysis and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analysis 

To discern the implication of differentially expressed 
genes in OA treated patients, functional enrichment analysis of 
GO hierarchy (biological process, molecular function, and cel-
lular components) and KEGG pathways were carried out. Sig-
nificantly affected pathways were identified in the up-regulated 
and down-regulated genes. GO analysis provided a strictly 
defined concept and controlled vocabulary to describe proper-
ties of genes and their products. Enrichment analysis focused 
on the 21 differentially expressed genes, including 17 
up-regulated genes and 4 down-regulated genes following ad-
ministration of OA (Fig. 2). The pathways included insulin-like 
regulation pathway, growth hormone secretion, and cAMP- me-
diated signaling, among others (Figs. 3B and 3C) In addition, 
KEGG enrichment analysis was also performed on the 36 genes. 
Eighteen pathways including Type II diabetes mellitus were 
involved (Fig. 4). To gain further insight into the role of genes 
involved in regulating metabolism, pathway analysis was 
performed. The KEGG analysis demonstrated OA treatment 
improved the insulin resistance (Fig 5). 
Gene expression profiles validated by qRT-PCR 

To validate the microarray results, five mRNAs were se-
lected from the differentially expressed genes for qPCR 
analysis. The results indicated that CACNA1B, STEAP3, 
AMPH, and NR6A1 were significantly up-regulated, whereas 

FCN was down-regulated, which was consistent with the 
microarray results (Fig. 6). 

Discussion 

OA is one of the constituent triterpenes found in many 
natural plants that has comprehensive biological functions. 
Based on a previous study, OA demonstrates beneficial ef-
fects against metabolic syndrome [13-15]. OA also preserves 
function and survival of beta-cells and protects against diabe-
tes complications [16-17]. As a natural triterpenoid, OA has 
been used to treat hepatitis in China since 1970s. In recent 
years, OA has been reported to effectively lower blood glu-
cose levels by promoting insulin signal transduction [18-19]. In 
addition, Ngubane et al. have reported that OA restores de-
pleted glycogen level,  thus providing another approach to 
treating diabetes [20]. However, the direct evidence of OA on 
hypolipidemic effect in clinic remains unknown.  

Hyperlipidemia is a group of disorders characterized by an 
excess of lipids in the bloodstream. Patients with hyperlipidemia 
often manifest marked elevations of low-density lipoprotein 
(LDL), triglycerides (TG), and omega-6 free fatty acids [21]. In 
the present study, the levels of TC, TG, and HDLC in serum 
decreased in hyperlipidemic patients after treatment with OA 
for four weeks. To gain information about specific molecular 
pathways affected by OA, gene expression profiles of OA- 
treated and untreated patients were compared. The differentially  
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Fig. 3  GO analysis of differentially expressed genes. (A) biological processes, (B) molecular functions, and (C) Cell compo-
nents are included in this section. The top terms for the function of the genes in biological, molecular function, and cell com-
ponents are listed 
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Fig. 4  KEGG analysis. The top terms for function of genes in pathways 

 

Fig. 5  KEGG pathway of hsa04930: Type II diabetes mellitus. Red indicates the genes involved in the hsa04930 via EnrichNet. 
Green indicates the overlapping DEGs between the KEGG pathway constructed by the DEGs. DEGs, differentially expressed 
genes; KEGG, Kyoto Encyclopedia of Genes and Genomes 
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Fig. 6  Validation of mRNA expression by qPT-PCR analysis in plasma sample from patients before OA treatment and after 
treatment (n = 3). The expression levels of 5 mRNA targets related to lipid metablism were analyzed. The expression levels are 

express as 2-CTafter normalized with GAPDH. *P < 0.05, **P < 0.01, ***P < 0.005 vs patients before OA treatment. W0-before 
treatment with OA, W4-after treatment with OA for 4 weeks 

 
expressed mRNAs were identified in hyperlipidemic patients 
treated with OA. To select differentially expressed mRNAs, gene 
ontology (GO) function, Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis and hierarchi-
cal clustering were performed using bioinformatics methods. 
As a result, 17 mRNAs exhibited a higher expression after OA 
treatment, and 4 mRNAs showed a down-regulation after OA 
treatment. Several important metabolic genes were involved 
in this procedure. These results indicated that OA regulated 
glucose metabolism, lipid profile, inhibited triglycerides, total 
cholesterol, and low density lipoproteins levels. In addition, 
improvement of insulin resistance was indicated and OA might 
change the expression of pro-inflammatory cytokine TNF-α. 

Conclusion 

As a natural and low-toxicity compound, OA exhibited 
significant lipid-lowering effects in the clinic. The pathway 
analysis identified gene sets involved in glutathione metabolism, 
immune response, fatty acid metabolism, cholesterol metabo-
lism, ABC transporters, and oxidative phosphorylation as 
being highly responsive to changes in diet composition. 
Therefore, OA may hold great promise as a natural therapeu-
tic agent for the treatment of fatty liver disease, and further 
research regarding the mechanism of action will be carried 
out in future studies. 
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