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To study the molecular mechanism of action of ligustrazine, a low-
density oligonucleotide microarray for cardiovascular disease-related genes,
was constructed, and the preparation and hybridization protocols were opti-
mized. Under the optimized conditions, the molecular mechanism of action
of ligustrazine was analyzed with human umbilical vein endothelial cells.
After 4 h of treatment with 100 �g/ml of ligustrazine, calcium-ATPase gene,
sodium channel gene, P450c11 gene in human umbilical vein endothelial
cells were up-regulated while apolipoprotein C-III gene was down-regu-
lated. The results were shown to be reproducible. RT-PCR confirmed the re-
sults from microarray. These results suggest that ligustrazine may act on the
function of human umbilical vein endothelial cells via modulating the ex-
pressions of cardiovascular disease-related genes. This also demonstrates the
use of oligonucleotide microarray technology as an approach to studying tar-
gets of active components of Traditional Chinese Medicine.
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Abbreviations: cDNA – complementary DNA,
GAPDH – glyceraldehyde-3-phosphate-dehydro-
genase, HUVECs – human umbilical vein endothe-
lial cells, mRNA – messenger RNA, SDS – sodium
dodecyl sulfate, SSC – saline-sodium citrate, TCM
– Traditional Chinese Medicine

INTRODUCTION

During the past decades, understanding of the

pharmacological effects of Traditional Chinese

Medicine (TCM) have often been deduced from

various physiological models [10], including ani-

mal experiments [2]. However, the active compo-

nents and molecular basis for TCM are generally

poorly understood because of complex nature and

the possible synergistic effects of their components

[2]. TCM is usually thought to act on multiple tar-

gets with complex mechanism. Furthermore, genes

in vivo do not act on by themselves, but act through

complex gene network. Thus, we should explore

the molecular mechanism for TCM at gene net-

work level. Global gene expression profiling for

differential gene expression analysis with DNA mi-

croarray provides a simple way to examine the bio-

chemical effects of TCM and, thereby, gain an in-

sight into its potential beneficial effects and nega-

tive effects as well as molecular mechanisms.

Oligonucleotide expression array [12] has recently

been applied to various areas of biomedical re-

search, especially in drug discovery and in identifi-

cation of drug targets [19]. However, its application

to TCM research was rarely reported [1, 19]. Ligu-

strazine (tetramethylpyrazine), one of the alkaloids

extracted from Ligusticum chuangxiong hort., is

widely used in China to treat cardiovascular dis-

eases [10, 11]. Ligustrazine has been demonstrated

to have pharmacological effects such as antiplatelet

aggregation [17] and improvement of microcircula-

tion [20], and have few side effects [2]. But the mo-

lecular mechanism of action and targets of ligustra-

zine are poorly understood [13]. To explore the mo-

lecular mechanism of ligustrazine action, we

constructed a small oligonucleotide microarray and

analyzed effects of ligustrazine on gene expression

in human umbilical vein endothelial cells (HU-

VECs).

MATERIALS and METHODS

Materials

Human umbilical vein endothelial cells (Ecv-
304) were kindly provided by Dr Liu Ren. Ligus-
trazine was kindly provided by Dr. Ma Baiping.

Gene selection

Cardiovascular disease-related genes were se-
lected on the basis of their putative involvement in
cardiac arrhythmias, cardiomyopathies, and vascu-
lar diseases (Tab. 1).

Oligonucleotide probe design

Homo sapiens mRNA sequences were selected
from GenBank. The 40-mer oligonucleotides were
designed using self-made software (Mprobe) [8]
and filtered to be 45–55% (G + C). A set of oligo-
nucleotides near to 3’-encoding region was derived
and analyzed by BLAST to identify those with the
lowest similarity to all other source sequences. The
olignucleotide with the highest predicted specific-
ity was selected to represent its source sequence
[4]. Eighty six oligonucleotide probes representing
86 genes were selected. To monitor the labeling ef-
ficiencies, several housekeeping genes (genes en-
coding ribosomal protein L32, GAPDH, and �-ac-
tin) were added, firefly luciferase gene was added
as positive control, and two rice genes and rpoB
were added as negative control.

Preparation of microarray

Olignucleotide was synthesized with standard
reagents for phosphoramidite chemistry [18]. The
ABI39 Z DNA was programmed in the base order
corresponding to the selected probes. The probe 5’
terminal was modified with amino-linker (MMT-
Amidite) at the last step of the olignucleotide syn-
thesis. Final deprotection in 30% ammonia was
carried out at 55°C for 15 h, then the probe was pu-
rified by using OPC column (oligonucleotide puri-
fication catridge, PE Applied Biosystem, Inc.). Oli-
gonucleotides were solubilized at 0.5 �g/�l in 3 ×
SSC and were spotted on aldehyde modified glass
microscope slides by using Pixy sys5500. About
0.1nl of solution was spotted. Amount of DNA in
each spot was 0.05 ng. Microarrays were stored
desiccated at room temperature. The slides were
washed in 0.2% SDS for 3 min, in pure water for
2 min, and dried in air.
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Cell culture and ligustrazine treatment

HUVECs were grown in Dulbecco’s modified
Eagle medium supplemented with 10% calf bovine
serum in an atmosphere of 5% CO�. At about 80%
confluence, the medium was replaced and the cells
were incubated in fresh medium containing
100 �g/ml of ligustrazine for 4 h at 37°C.

Total RNA extraction

Upon completion of predetermined time of
ligustrazine treatment, the medium was removed.
The cells were rinsed quickly in ice-cold PBS. Iso-
lation of total RNA was performed with TRIzol
Reagent (Life Technologies, Rockville, MD) ac-
cording to the manufacturer’s instructions. RNA
quality and its concentration were determined us-
ing agarose gel electrophoresis and spectropho-
tometric analysis (OD�������).

Preparation of labeled cDNA

cDNA labeling was carried out as described by
Schena et al. [16] with some modification. Briefly,
60 �g of total RNA, 0.1 �g of luciferase mRNA [3]
and 4 �g of oligo(dT) primer were mixed in a total

volume of 14 �l containing RNase-free water,
heated to 70°C for 10 min, and chilled on ice.
Then, 1 �l of RNase inhibitor (Promega), 3 �l of 5
× first-strand buffer (GIBCO-BRL), 1.5 �l of DTT,
0.6 �l of dNTP (10 mM ATP, 10 mM GTP, 10 mM
CTP, 4 mM TTP), 1.5 �l of Cy3-dUTP or Cy5-
dUTP (Amersham Pharmacia), and 1 �l of Super-
script II reverse transcriptase (GIBCO-BRL) were
added and incubated for 2 h at 42°C. Superscript II
reverse transcriptase was inactivated at 70°C for 10
min. The RNA was degraded by adding 5 �l of 1 M
NaOH followed by a 30 min incubation at 65°C.
The samples were neutralized by addition of 5 �l of
1 M HCl and 5 �l of 1 M Tris-Cl (pH 7.8). The
samples were precipitated with ethanol. Pellets
were washed with 70% ethanol, dried to comple-
tion in air, resuspended in 2 �l of H�O.

Microarray hybridization

The two cDNAs pools to be compared were
mixed thoroughly and denatured by boiling for
2 min and cooled on ice. Then 2 �l of sample and
4 �l of hybridization solution (50% formamide, 5 ×
SSC, 0.5% SDS, 5 × Denhardt’s reagent) were
mixed. The 1.5 �l of mixture was used on each ses-
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Table 1. Microarray design. The target element name and the corresponding human cardiovascular disease-related genes are shown
in the layout. N – negative control; P – positive control

1 2 3 4 5 6 7 8 9 10 11 12

VEGFA VEGFB VEGFC VEGFD VEGFR VEGFR2 VEGFR3 EDN1 EDN2 SDHC EDNR EDNRA

TGF-B1 TGF-B2 TGF-B1 IGF-I IGF-II IL-1 IL-1� IL-6 IL-8 PDGFC PDGFD bFGF

Mybp-C ACTC-� �-MHC KCNA5 TNNI3 �-MHC �-TROP ACE AGTIIR AGT ECE-1 ECE-2

apoB apoA-1 apoA-2 apoC-1 apoC-2 apoC-3 apoC-4 apoE PA PAI-1 PLAU TFPI

CD31 ICAM1 NCAM PECAM1 VCAM-1 JUN-B JUN-D TNF-� CaATP2 ATPIP CaATP1 Na-Ch

ADRB2R REN ADRA2R ADRB3R ADM P450c11 P450c17 CETP FIBR� FIBR� COL1A2 CKMA

MT-II GNBPB3 SOD-1 iNOS NOS3 HSP70 IGFBP-5 KALX LTA� ALR IGF-1 C-myc

TFPB CD56 GSHPX L32 �-actin GAPDH N� N� N� N� P P

Table 2. Primers used in RT-PCR and the predicted sizes of the PCR products

Gene name Primer sequence (5’� 3’) Size(bp)

GAPDH Forward: ACCACAGTCCATGCCATCAC 452

Reverse: TCCACCACCCTGTTGCTGTA

Sodium channel Forward: AGGTGTTCCGAGACAAGGTCCT 276

Reverse: GCTACGTGCAGGCTAGGCAT

Calcium-ATPase Forward: ATCTGCCTGTCCATGTCACTCC 248

Reverse: AACGGCCAGGAAATCCCA



sion. The slides were covered with glass coverslips
and fixed in a Hybridization Cassette, and hybridi-
zation was performed at 42°C for 3 h. Slides were
then washed in 2 × SSC, 0.1% SDS for 5 min, 1 ×
SSC for 3 min, and 0.2 × SSC for 3 min. Hybridi-
zation was repeated with the fluorescent labels re-
versed in labeling process.

Image analysis

Quantitative assessment of the signals on the
slides was carried out by scanning on a ScanAr-
rays4000. Raw data analysis was carried out using
ImaGene Ver.4.2 software. The signal intensity of
each spot of positive control was used for normali-
zation. To diminish potential factors for non-
specified hybridization and non-homogeneous
background, only these spots, whose signal-to-
background ratios were greater than 2.0 and inten-
sities with subtracted local background signals
were more than 600, were considered.

RT-PCR

For RT-PCR analysis, primers are designed by
using Primer express 2.0 (Tab.2). cDNA synthesis
was performed for PCR. The 10 �l of mixture con-
taining 5 �g of total RNA and 0.5 �g of OligodT
were heated to 65°C for 5 min, and chilled on ice. 5
× AMV reaction buffer, 40U of Rnasin, 5 U of
AMV avian myeloblastoma virus (AMV) reverse
transcriptase, 10 mM dNTP were added. The final
volume was 20 �l. The mixture was incubated for
1 h at 42°C. AMV was inactive at 70°C for 15 min.
A 1 �l of the product was used in 30 �l of PCR
mixture. The mixture contained 10 mM Tris (pH
8.4), 50 mM KCl, 0.2 mM dNTP, 2 mM MgCl�,
0.5 �M primers, 1U Taq DNA polymerase. The
thermocycling profile was constructed as follows:
94°C for 5 min; 25 cycles at 94°C for 30 s, 55°C
for 30 s, and 72°C for 30 s. Results were obtained
by electrophoresis on 2.0% agarose gels followed
by ethidium bromide staining. The experiments
were repeated two times.

RESULTS

Determination of probe concentrations

Different concentrations of the probes (0.01,
0.1, 0.2, 0.5, 1.0, 2.0, 3.0 �g/�l) of human genes
(POTCH, ACTC, MYBPC, CaATP2 and iNOS)
were tested. The signal intensities were increased

with the increasing of probe concentration at the
lower concentrations. No significant difference in
the signal levels between 0.5 �g/�l and 3.0 �g/�l of
the probes used was observed. Thus, we used
0.5 �g/�l concentrations of probes for the follow-
ing study.

Sensitivity of hybridization

In order to assess the sensitivity of hybridiza-
tion of microarray, different amounts of luciferase
mRNA [3] were spiked into the same amount of
HUVECs total RNA (60 �g), cDNAs labeled with
Cy3 were hybridized to microarray. Figure 1 shows
different fluorescence signal intensities when dif-
ferent amounts of luciferase mRNA were spiked. It
was found that there was faint fluorescence signal
intensity when 10�� �g of luciferase mRNA (about
10� molecules) was spiked into total RNA.

Specificity of hybridization

To further characterize specificity of oligonu-
cleotide probe, a small microarray assay containing
oligonucleotide probes of rice genes, rpoB gene
(negative control), luciferase gene (positive con-
trol) and human gene (KALX, LTA, ALR, IGF-1,
C-myc) was performed. The labeled cDNAs from
HUVEC total RNA, luciferase mRNA and the mix-
ture of HUVEC total RNA and luciferase mRNA
were hybridized to microarray, respectively. As ex-
pected, probes of rice genes, rpoB gene, ALR gene
and C-myc gene showed no detectable signal. Fur-
thermore, no cross-hybridization signals between
human gene and luciferase gene were detected. Ob-
viously, the results of hybridization showed high
specificity.
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Fig. 1. The detection sensitivity of microarray. The different
amount of luciferase mRNA was spiked into HUVECs total
RNA and then cDNAs were labeled with Cy3 by reverse
transcription. The labeled cDNAs were hybridized to microar-
ray containing probe of luciferase (positive control). Values are
means ± SD



Effects of ligustrazine on gene expression

Effects of ligustrazine on mRNA expression

level in HUVECs were analyzed in three independ-

ent experiments with oligonucleotide microarray

using cDNA of HUVECs treated with 100 �g/ml

ligustrazine (Fig. 2). Only genes with a ratio of 2.0

or above in all three experiments were treated as

positively regulated by ligustrazine whereas only

those that had a ratio of 0.5 or below in all three ex-

periments, were considered to be negatively regu-

lated. Using these criteria, we identified 4 genes

among 86 genes that responded to ligustrazine.

Calcium-ATPase gene, sodium channel gene and

P450c11 gene were up-regulated while only apoli-

poprotein C- III gene was down-regulated (Tab. 3).

Calcium-ATPase gene was up-regulated about 3

times (Tab. 3).

RT-PCR

To assess the validity of the microarray ap-
proach to identify differentially expressed genes.
RT-PCR was performed on GAPDH, calcium-
ATPase, sodium channel due to the fact that
calcium-ATPase and sodium channel are more sig-
nificant (Fig. 3). As detected in the microarray
analysis, the results from two independent experi-
ments showed that the expression of calcium-
ATPase gene in HUVECs treated with 100 �g/ml
of ligustrazine for 4 h was evidently increased and
the expression of sodium channel gene was slightly
increased. Interestingly, ligustrazine had no effect
on the expression of GAPDH gene in both two in-
dependent experiments.

DISCUSSION

Human umbilical vein endothelial cells play an
important role in many physiological activities,
such as regulation of the blood pressure, coagula-
tion of blood, the maintenance of blood vessel in-
tegrity and angiogenesis.

Ion homeostasis is important to maintain nor-
mal vascular function, whereas the disruption of
ion homeostasis may result in vascular damage.
Ca�� is a ubiquitous cellular as well as intracellular
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Table 3. The transcriptional effects of ligustrazine on genes in
human umbilical vein endothelial cells detected by microarray
analysis

Gene Name GeneBank
Accession NO.

Ratio

Calcium-ATPase M23114 3.50 ± 0.30

Sodium channel AB010575 2.30 ± 0.20

P450c11 M73255 2.10 ± 0.10

Apolipoprotein C-III NM-000040 0.48 ± 0.03

Data are expressed as means ± SD

A B C

Fig. 2. Ligustrazine-induced mRNA expression profiles
monitored by microarray hybridization. The cDNAs derived
from untreated and ligustrazine-treated HUVECs were
hybridized to an array. The two channels were pseudocolored
according to the fluorescence intensity(C). Human umbilical
vein endothelial cells (Ecv-304) were grown in DMEM
supplemented with 10% calf bovine serum in an atmosphere of 5%
CO�. At about 80% confluence, the medium was replaced and the
cells were incubated in fresh medium containing 100 �g/ml of
ligustrazine for 4 h at 37°C. Isolation of total RNAwas achieved
by using TRIzol Reagent. cDNAs derived from untreated
(labeled with Cy-3) and ligustrazine-treated (labeled with Cy-5)
HUVECs total RNA were hybridized to an array. The two
channels were pseudocolored according to the fluorescence
intensity

1 2 3 4 5 6

Fig. 3. Effects of ligustrazine on expression of GAPDH, sodium
channel, and calcium-ATPase, analyzed by reverse transcription
PCR. Lanes 1,2 – GAPDH. Lanes 3,4 – sodium channel. Lanes
5,6 – calcium-ATPase. Lanes 1,3,5 – ligustrazine-treated. Lanes
2,4,6 – control



messenger and altered handling of Ca�� is often as-

sociated with a number of pathophysiological con-

ditions in diseases including cardiovascular dis-

ease. The expression of sarcoplasmic reticulum

Ca��-ATPase was down-regulated in dilated and

hypertrophic cardiomyopathic end-stage heart fail-

ure [5]. Ca�� signaling pathway has become an im-

portant therapeutic target for medicinal drugs. The

enhancement of expression of Ca��-ATPase can in-

crease the Ca�� concentration of the sarcoplasmic

reticulum. The previous study confirmed that ligus-

trazine was a Ca�� antagonist [13]. Ligustrazine not

only blocked the entry of superfluous amounts of

extracellular calcium through calcium channels but

also inhibited the release of calcium from intracel-

lular stores in vascular smooth muscle cells [12].

The present study showed that ligustrazine could

promote the expression of Ca��-ATPase in

HUECVs. The result was validated by the result of

RT-PCR. Ligustrazine-treated HVCUMs showed

up-regulation of the epithelial sodium channel

(ENaC) (Tab. 3). ENaC plays a critical role in the

control of sodium balance and blood pressure [15].

Sodium channels are under dynamic change and

certain drugs or nutrients can modulate their ex-

pression [7]. This study suggests ligustrazine may

modulate function of endothelial cells via increas-

ing expression of epithelial sodium channel.
CYP11B1, the gene encoding 11 �-hydroxylase

(P450c11), is expressed at high levels in the zona

fasciculate. P450c11 catalyzes the biosynthesis of

cortisol. Mutation in CYP11B1 causes congenital

adrenal hyperplasia due to 11 �-hydroxylase defi-

ciency [14]. Disorder of CYP11B1 is characterized

by hypertension. The present study shows that

CYP11B1 is expressed in human vein endothelial

cells. After ligustrazine treatment for 4 h, the ex-

pression of CYP11B1 was up-regulated 2.0-fold. It

may modulate the blood pressure by improving the

synthesis of cortisol.
The previous study showed that ligustrazine

protected endothelial cells against damages elicited

by low-density lipoproteins (LDL) [9]. The present

study shows that ligustrazine can significantly

down-regulate the expression of apolipoprotein C-

III that can regulate the selective uptake of choles-

teryl esters in transgenic mice [6].
To conclude, ligustrazine has beneficial effects

on cardiovascular disease via modulating the ex-

pressions of cardiovascular disease-related genes.

The present study has proven that microarray could

be an extremely fruitful method for research of
TCM. We believe that this preliminary investiga-
tion will accelerate our progress in understanding
the multiple molecular mechanisms of TCM.
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