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Abstract:    Endothelial cell death due to increased reactive oxygen species (ROS) may contribute to the initial en-
dothelial injury, which promotes atherosclerotic lesion formation. Piper sarmentosum (PS), a natural product, has been 
shown to have an antioxidant property, which is hypothesized to inhibit production of ROS and prevent cell injury. Thus, 
the present study was designed to determine the effects of PS on the hydrogen peroxide (H2O2)-induced oxidative cell 
damage in cultured human umbilical vein endothelial cells (HUVECs). In this experiment, HUVECs were obtained by 
collagenase perfusion of the large vein in the umbilical cord and cultured in medium M200 supplemented with low 
serum growth supplementation (LSGS). HUVECs were treated with various concentrations of H2O2 (0–1000 µmol/L) 
and it was observed that 180 µmol/L H2O2 reduced cell viability by 50% as denoted by 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Using the above concentration as the positive control, the 
H2O2-induced HUVECs were concomitantly treated with various concentrations (100, 150, 250 and 300 µg/ml) of three 
different extracts (aqueous, methanol and hexane) of PS. Malondialdehyde (MDA), superoxide dismutase (SOD), 
catalase (CAT) and glutathione peroxidase (GPX) levels showed a significant increase (P<0.05) in HUVECs compared 
to the negative control. However, PS extracts showed a protective effect on HUVECs from H2O2-induced cell apoptosis 
with a significant reduction in MDA, SOD, CAT and GPX levels (P<0.05). Furthermore, PS had exhibited ferric re-
ducing antioxidant power with its high phenolic content. Hence, it was concluded that PS plays a beneficial role in 
reducing oxidative stress in H2O2-induced HUVECs. 
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1  Introduction 
 

Piper sarmentosum (PS) is widely found to in-
habit the tropical and subtropical regions of the world. 
It has been used as an expectorant in Thailand 

(Pongboonrod, 1976). Its leaves and roots have been 
reported to be used for treatment of toothache, fungoid 
dermatitis, asthma, and pleurisy (Perry, 1981). Pre-
vious investigations highlighted the hypoglycemic 
action of the PS extract in rats and in alloxan-treated 
rabbits (Pongmarutai, 1980; Peungvicha et al., 1998). 
In Malaysia, this plant has been traditionally used to 
treat hypertension and diabetes mellitus. The metha-
nolic extract of PS leaves has been reported to exhibit 
antioxidative activity by virtue of possessing the 

 

Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology) 
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 

 
‡ Corresponding author 
* Project (Nos. UKM-FF-03-FRGS0005-2007 and FF-138-2007) 
supported by the Ministry of Higher Education and Universiti Ke-
bangsaan Malaysia 
© Zhejiang University and Springer-Verlag Berlin Heidelberg 2010 



Hafizah et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2010 11(5):357-365 
 

358 

natural antioxidant superoxide scavenger, naringenin 
(Subramaniam et al., 2003; Chanwitheesuk et al., 
2005). 

Oxidative stress plays an important role in the 
pathogenesis of various cardiovascular diseases in-
cluding atherosclerosis (Ross, 1999). Oxidative stress 
results from the imbalance between the prooxidant 
and the antioxidative defense mechanisms of the body. 
At high concentrations, reactive oxygen species (ROS) 
can cause severe damage to cellular structures and 
components including nucleic acids, proteins, and 
lipids, thereby leading to cell death. Malondialdehyde 
(MDA) is the most abundant product of polyunsatu-
rated lipid peroxidation (Del Rio et al., 2005). The 
level of MDA has been investigated extensively as an 
indicator of oxidative damage by determination of its 
derivation with thiobarbituric acid.  

The endothelial cells that line the blood vessels 
are very sensitive to injury caused by oxidative stress. 
Endothelial cells play an important role in physiologic 
hemostasis, blood vessel permeability, and response 
of blood vessel to other physiologic and pathologic 
stimuli. Any abnormality in endothelial cell structure 
and function may contribute significantly to the blood 
vessel diseases such as thrombosis, atherosclerosis, 
and vasculitis. Past research studies have used HU-
VECs for in vitro experiments related to vascular 
dysfunction (Jaffe et al., 1973). 

The antioxidant enzymes include superoxide 
dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPX) and the antioxidants like vitamin 
C, vitamin E, glutathione, carotenoids, flavonoids, 
and micronutrient elements offer protection against 
oxidative damage. There is an increased trend 
worldwide to use natural antioxidants derived from 
plant materials such as tea, vegetables, herbs, oil-
seeds, beans, and fruits as an alternative intervention 
against oxidative stress-related diseases. An exten-
sive search of literature depicts that there are few 
studies on the antioxidant effects of PS in cardio-
vascular diseases. This prompted us to embark on the 
study to determine the antioxidant role of PS as a 
nutritional countermeasure to attenuate oxidative 
stress in cardiovascular dysfunction. Specifically, the 
hypothesis is that PS would reduce the MDA, SOD, 
CAT, and GPX levels as oxidative stress markers in 
H2O2-induced HUVECs. 
 

2  Materials and methods 

2.1  Materials 

Medium M200 and low serum growth supple-
mentation (LSGS) kits were purchased from Cascade 
Biologics, USA. Collagenase enzyme Type 1 was 
obtained from Worthington Biochemical Corporation, 
USA. Trypsin-ethylenediaminetetraacetic acid (EDTA) 
and penicillin and streptomycin antibiotics were ob-
tained from Invitrogen, USA. 3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide (MTT), di-
methyl sulphoxide (DMSO), 2,4,6-tripyridyl-S-tri-
azine (TPTZ), Folin-Ciocalteu reagent, ferric chloride 
(FeCl3·6H2O), ferrous sulphate (FeSO4·7H2O), tri-
chloroacetic acid (TCA), thiobarbituric acid (TBA), 
hydrochloric acid (HCl), butylhydroxytoluene (BHT), 
1,1,3,3-tetraethoxypropane (TEP), potassium dihy-
drogen phosphate, disodium hydrogen phosphate, 
EDTA, L-methionine, nitroblue tetrazolium (NBT), 
riboflavin, natrium azide, nicotinamide adenine 
dinucleotide phosphate (NADPH), glutathione 
reductase (GSSG), glutathione (GSH), Triton X-100, 
sucrose, and hydrogen peroxide were purchased from 
Sigma-Aldrich Co., USA. All other chemicals used 
are of analytical grade. 

2.2  Preparation of Piper sarmentosum extract 

Fresh leaves (3 kg) of PS were collected from the 
Ethnobotanical Garden, Forest Research Institute 
Malaysia (FRIM), after being identified and con-
firmed by a plant taxonomist from the Medicinal Plant 
Division (voucher specimen, FRI 45870), FRIM. All 
the extraction procedures were performed at the FRIM 
laboratory. Slices of dry leaves of PS were extracted 
by aqueous, methanol, and hexane at 80 °C for 3 h 
respectively (10%, w/v). The methanol and hexane 
extracts were concentrated with a vacuum rotary 
evaporator under reduced pressure while the aqueous 
extract was freeze-dried to obtain the crude PS. All the 
extracts were stored at 4 °C until further use. 

2.3  Ferric-reducing antioxidant power activity 

The total antioxidant potential of PS extract was 
determined using the ferric-reducing antioxidant 
power (FRAP) assay (Benzie and Strain, 1996). This 
assay is based on the reduction of Fe3+-TPTZ to a 
blue-colored Fe2+-TPTZ. The absorbance was read at 
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593 nm spectrophotometrically (Shimadzu, Japan). 
The FRAP value in sample was determined from a 
standard curve plotted using ferrous sulphate and the 
result was stated in the unit of µmol Fe(II) per gram 
dry matter (DM). 

2.4  Total phenolics content 

The total phenolics content (TPC) was deter-
mined using Folin-Ciocalteu reagent method 
(Velioglu et al., 1998). The absorbance was measured 
at 725 nm spectrophotometrically (Shimadzu, Japan) 
and the result was expressed as milligrams of gallic 
acid equivalent (GAE) per gram dry matter (DM). 

2.5  Endothelial cell isolation and culture 

Human umbilical cords were obtained from 
healthy women who underwent uncomplicated term 
pregnancies. Informed consent was obtained from 
each subject and the present study was approved by 
the Ethical Research Committee of Universiti Ke-
bangsaan Malaysia Medical Centre (FF-138-2007). 
HUVECs were isolated from human umbilical cord 
veins by using an enzymatic technique with slight 
alteration in the described procedure (Jaffe et al., 
1973). Briefly, the veins were perfused with cord 
buffer, then infused with 0.1% (w/v) collagenase, 
clamped at both ends, and incubated at 37 °C for 15 
min. Then, the collagenase solution was decanted into 
a plastic centrifuge tube and centrifuged at 1200 r/min 
for 10 min. The cell pellet was resuspended in me-
dium M200 supplemented with LSGS. The cells were 
grown to confluence at 37 °C in a humidified 5% CO2 
incubator on tissue culture flasks. The medium was 
replaced twice a week and passaged every three to 
four days at a ratio of 1:3. Cells were used up to the 
fifth passage for all experiments. HUVECs were 
identified by the typical cobblestone morphology and 
immunofluorescence staining by monoclonal anti-
bodies against von Willebrand factor (Affinity 
Biologicals Inc., USA). 

2.6  Measurement of cell viability 

The assay was performed by seeding HUVECs 
at concentration of 5×104 cells/well in 96-well plates. 
The cells were treated with various concentrations of 
H2O2 (0 to 1000 µmol/L) or various concentrations of 
three different extracts of PS (aqueous, methanol, and 
hexane) (0 to 1000 µg/ml) respectively for 24 or 72 h. 

In order to examine the treatment effect of PS on 
H2O2-oxidative cell damage, the cells were exposed 
to H2O2 (180 µmol/L) and concomitantly treated with 
three different extracts (aqueous, methanol, and 
hexane) of PS (0 to 1000 µg/ml) for 24 h. Cell vi-
ability was assessed by MTT assay (Takahashi et al., 
2002). The absorbance of each well was immediately 
measured at 570 nm with enzyme-linked immu-
nosorbent assay (ELISA) microplate reader (Versamax, 
USA). 

2.7  Experimental protocol 

HUVECs were plated onto 6-well tissue culture 
plates and allowed to attach for a 24 h period. Cells 
were exposed to 180 µmol/L hydrogen peroxide and 
concomitantly treated with various concentrations 
(100, 150, 250 and 300 µg/ml) of three different ex-
tracts (aqueous, methanol, and hexane) of PS for 24 h. 
The concentrations were determined by MTT assay 
above. Then, cells were washed by ice-cold Dul-
becco’s phosphate buffer saline (dPBS), scraped, 
harvested by centrifugation, and resuspended in 10 ml 
deionized water. Following ultrasonication at 4 °C for 
15 min, an aliquot was taken out for protein deter-
mination by using Bradford (1976) method. 

2.8  Measurement of MDA level 

Lipid peroxidation was assayed by determining 
the production of thiobarbituric acid reactive sub-
stances (TBARS) and was expressed as MDA 
equivalents (Ohkawa et al., 1979). Its absorbance was 
determined at 532 nm spectrophotometrically (Shi-
madzu, Japan). The TBARS concentrations were 
extrapolated from the TEP serial dilution standard 
curve. The TBARS values were then stated as nmol 
MDA per µg protein in unit. 

2.9  Measurement of SOD, CAT and GPX levels 

SOD level was assayed as per previous protocol 
(Beyer and Fridovich, 1987). Briefly, each cell ho-
mogenate (20 µl) was added into the substrate mixture 
containing L-methionine, NBT, and Triton X-100 in 
dPBS. For control, it was replaced with 20 µl buffered 
solvent. Riboflavin (10 µl) was added to the mixture 
followed by illumination with two fluorescence lamp 
20 W Sylvania Grolux for 7 min. The absorbance of 
each sample was measured at 560 nm spectropho-
tometrically (Shimadzu, Japan). The amount of SOD 
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required to inhibit the rate of reduction by 50% was 
defined as one unit. CAT level was determined as 
previously described (Aebi, 1984). Briefly, the reac-
tive mixture contained 1 ml H2O2 and 2 ml super-
natant and the disappearance of H2O2 was monitored 
at 240 nm. GPX activity was assayed as per previous 
protocol (Lawrence and Burk, 1976). Briefly, each 
cell homogenate (20 µl) was added into the reactive 
mixture containing 1 mmol/L EDTA, 1 mmol/L NaN3, 
0.2 mmol/L NADPH, 1 EU/ml glutathione reductase 
and 1 mmol/L GSH in 50 ml dPBS. After incubation 
at 37 °C for 5 min, H2O2 was added to initiate the 
reaction. The GPX level was measured as the rate of 
NADPH oxidation at 340 nm. 

2.10  Statistical analysis 

Statistical analysis was performed using a 
one-way analysis of variance (SPSS software version 
12.0.1, Chicago, IL, USA). The results were ex-
pressed as mean±standard deviation (SD) of triplicate 
determination with P<0.05 considered as statistically 
significant. 
 
 
3  Results 

3.1  Antioxidant potential and total phenolics 
content of Piper sarmentosum 

The FRAP and TPC results of PS crude extract 
are presented in Table 1. Each gram of PS extract has 
high FRAP value [(18.90±0.02) µmol Fe(II)/g DM] 
based on the FRAP assay. In addition, the PS extract 
also contained a high TPC [(90.86±0.37) mg GAE/g 
DM]. 

 
 
 
 
 
 
 
 
 

3.2  Cell viability 

HUVECs were exposed to increasing concen-
trations of H2O2 from 0 to 1000 µmol/L for 24 h. 
Using MTT method, it was observed that the 50% 

inhibition (IC50) for H2O2 was (180±5) µmol/L which 
was used as positive control for the subsequent ex-
periments. As shown in Fig. 1, the cytotoxicity effect 
of H2O2 on HUVECs was concentration-dependent. It 
was evident that H2O2 significantly decreased cell 
viability with increased concentrations.  On the other 
hand, the cytotoxicity test of the three different ex-
tracts of PS with increasing concentrations used in 
this study was shown not to be toxic to HUVECs up to 
a concentration of 1000 µg/ml after 72-h incubation 
(Fig. 2). In addition, Fig. 3 also shows that the 
treatment of cells with three different extracts of PS in 
the presence of 180 µmol/L H2O2 protected the cells 
against the cytotoxicity effect of H2O2. The 50% 
effective concentration (EC50) of PS was 150 µg/ml 
as the cell survival rates were increased from 50% of 
H2O2-treated cells up to 70%. Therefore, four dif-
ferent concentrations (100, 150, 250, and 300 µg/ml) 
of the three different extracts of PS were used 
throughout this study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Antioxidant potential and total phenolics 
content of Piper sarmentosum 
 FRAP value 

(µmol Fe(II)/g DM) 
TPC value 

(mg GAE/g DM)
PS 18.90±0.02 90.86±0.37 
Vitamin C 19.28±0.02 93.89±0.38 
Values are mean±SD of three independent experiments. Vitamin 
C was used as a standard 
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Fig. 1  Effect of H2O2 on cultured HUVECs after 24 h 
incubation 
Values are mean±SD of three independent experiments. 
* P<0.05 compared with negative control group 
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Fig. 2  Effects of aqueous, methanol, and hexane ex-
tracts of Piper sarmentosum on cultured HUVECs after 
72-h incubation 
Values are mean±SD of three independent experiments 
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3.3  MDA level 

As shown in Fig. 4, the MDA level in the group 
treated with H2O2 was significantly increased com-
pared to the untreated group. All the three groups 
treated with H2O2 and aqueous, methanol, and hexane 
extracts of PS simultaneously showed a significant 
reduction of the MDA level compared to the H2O2 

group respectively except the 100 µg/ml aqueous and 
hexane extracts. No significant changes were ob-
served between the extracts and the untreated group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4  SOD, CAT, and GPX levels 

The SOD, CAT, and GPX levels in H2O2-treated 
HUVECs were significantly increased compared to 
the untreated group (Figs. 5–7). In contrast, the levels 
of enzymatic antioxidants of all PS treatment groups 
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Fig. 3  Effects of aqueous, methanol, and hexane ex-
tracts of Piper sarmentosum in the presence of 180 
µmol/L H2O2-induced HUVECs after 24-h incubation 
Values are mean±SD of three independent experiment 
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Fig. 4  Effects of aqueous, methanol, and hexane ex-
tracts of Piper sarmentosum on the MDA level in 
H2O2-induced HUVECs 
Treatment groups: 1, negative control; 2, 180 µmol/L H2O2 
(positive control); 3, 100 µg/ml PS; 4, 150 µg/ml PS; 5, 250 
µg/ml PS; 6, 300 µg/ml PS. Values are mean±SD of three 
independent experiments. * P<0.05 compared with negative 
control group; # P<0.05 compared with positive control 
group 
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Fig. 5  Effects of aqueous, methanol, and hexane extracts 
of Piper sarmentosum on the SOD activity in H2O2-
induced HUVECs 
Treatment groups: 1, negative control; 2, 180 µmol/L H2O2 
(positive control); 3, 100 µg/ml PS; 4, 150 µg/ml PS; 5, 250 
µg/ml PS; 6, 300 µg/ml PS. Values are mean±SD of three 
independent experiments. * P<0.05 compared with negative 
control group; # P<0.05 compared with positive control group
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Fig. 6  Effects of aqueous, methanol, and hexane extracts 
of Piper sarmentosum on the CAT activity in H2O2- 
induced HUVECs 
Treatment groups: 1, negative control; 2, 180 µmol/L H2O2 
(positive control); 3, 100 µg/ml PS; 4, 150 µg/ml PS; 5, 250 
µg/ml PS; 6, 300 µg/ml PS. Values are mean±SD of three 
independent experiments. * P<0.05 compared with negative 
control group; # P<0.05 compared with positive control group
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Fig. 7  Effects of aqueous, methanol, and hexane extracts 
of Piper sarmentosum on the GPX activity in H2O2- 
induced HUVECs 
Treatment groups: 1, negative control; 2, 180 µmol/L H2O2 
(positive control); 3, 100 µg/ml PS; 4, 150 µg/ml PS; 5, 250 
µg/ml PS; 6, 300 µg/ml PS. Values are mean±SD of three 
independent experiments. * P<0.05 compared with negative 
control group; # P<0.05 compared with positive control group
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were significantly reduced compared to the H2O2 
group, respectively. No significant changes were 
observed between all the concentrations of PS ex-
tracts and the untreated group. 
 
 
4  Discussion 
 

Oxygen-free radical-induced oxidative stress is 
implicated to cause membrane lipid peroxidation, 
membrane protein damage, altered antioxidant sys-
tem, DNA mutation, altered gene expression, and 
apoptosis, thereby leading to cancer, cardiovascular 
disease, atherosclerosis and other neurodegenerative 
diseases (Estany et al., 2007; Renugadevi and Milton 
Praba, 2010). H2O2, one of the main ROS that freely 
diffuse inside and outside cells, is able to modulate 
multiple cellular processes, cell proliferation, signal 
transduction pathway, gene expression, DNA damage, 
apoptosis, and necrosis (Stone and Yang, 2006). In 
our experimental model, exposure of H2O2 to HU-
VECs had induced oxidative damage and loss of cell 
viability. This finding is in accordance with previous 
studies that reported the toxic effects of H2O2 on 
HUVECs and other cell types like human fibroblast 
cells, PC12 cells, endometrial cells, and bovine aorta 
endothelial cells (Spencer et al., 2001; Hou et al., 
2004; Guan et al., 2006; Cianchetti et al., 2008; Es-
tany et al., 2007; Chung et al., 2008). 

Considerable interest has been focused on iden-
tifying antioxidant compounds that are pharmaco-
logically potent with low or no side effect or toxicity. 
In the present study, the TPC presented in PS has 
strong ferric-reducing power that might influence the 
antioxidant potential of PS in ameliorating the 
harmful effects of H2O2. Furthermore, it is important 
to mention that HUVECs did not exhibit toxic effect 
even though the cells were exposed to high concen-
trations (1000 µg/ml) of aqueous, methanol, and 
hexane extracts of PS. This could highlight the safety 
use of PS on HUVECs. 

The study by Subramaniam et al. (2003) had 
identified the natural antioxidant superoxide scaven-
ger known as naringenin obtained from the methanol 
extract of PS, which showed a high antioxidative ac-
tivity of 75.7% among other eight types of flavonoids 
studied. Another researcher had identified an aromatic 
alkaloid compound known as 1-nitrosoimino-2,4,5- 

trimethoxybenzene from the hexane extract of PS (Ee 
et al., 2009). Another previous study had identified 
myricetin, quercetin, and rutin in the aqueous- 
methanol extract of PS, which were more powerful 
antioxidants than vitamins C and E and β-carotene in 
in vitro lipoprotein oxidation model for heart disease 
(Vinson et al., 1995; Miean and Mohamed, 2001). It 
is also noted that those different active compounds 
can be extracted by various solvents. Thus, the aim of 
this study is to look into these three different solvents 
used for extraction, namely, aqueous, methanol, and 
hexane to ascertain the most appropriated extract that 
could exert the antioxidative effect. 

In this experiment, crude extracts from PS with 
three different solvents (aqueous, methanol, and 
hexane) were used to treat H2O2-induced HUVECs. 
Therefore, a limitation of this study was the inability 
to determine the specific components of the plant that 
mediated the observed effects. We used three differ-
ent solvents for extractions, and found that all of them 
exhibited similar antioxidant effects. However, the 
TPCs were found to be higher in the methanol and 
hexane extracts compared to the aqueous extract of 
PS, which is in accordance to previous research 
findings (Hussain et al., 2009a). 

Lipid peroxidation is the degradative process 
that involves the chain reaction of free radicals with 
polyunsaturated fatty acids. This reaction leads to 
rearrangement of double bonds into degradative 
products such as MDA, and conjugated diene, as well 
as chemical modifications in the apolipoprotein B 
(Apo-B) protein (Upsani et al., 2001). In this study, 
the MDA level was increased in H2O2-induced HU-
VECs. The result was in line with previous studies 
that showed an increased MDA level following H2O2 
addition in HUVECs (Wang Y.K. et al., 2005; Lin R. 
et al., 2006; Wang W.R. et al., 2006). Moreover, 
other ROS precursors like carbon tetrachloride (CCl4) 
and azoxymethane (AOM) were found to increase the 
MDA levels in the primary culture of rat hepatocytes 
and colon carcinogenesis in male mice, respectively 
(Lin Y.L. et al., 2006; Ashokkumar and Sudhandiran, 
2008). These findings highlighted the importance of 
ROS as a mediator of cellular injury (Halliwell and 
Gutteridge, 1989; Valko et al., 2007). The MDA 
level in the methanol extract of PS was higher com-
pared to the aqueous and hexane extracts, but the 
increase was insignificant likely due to partial 
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overoxidation of the cells. 

Treatment of H2O2-induced HUVECs con-
comitantly with aqueous, methanol, and hexane ex-
tracts of PS had prevented cell apoptosis and reduced 
formation of MDA, which showed the protective 
effect of PS on ROS and eventually on membrane 
damage. It was found that the aqueous extract of PS 
showed decreased cell viability as compared to the 
methanol and hexane extracts. It may be mentioned 
that the TPC is lower in the aqueous extract of PS 
compared to the methanol and hexane extracts. This 
might have been attributed to a decrease in cell vi-
ability compared to the methanol and hexane extracts. 
Although the cell viability for the aqueous extract of 
PS is lower, the decrease is insignificant. 

The exact mechanism how PS acted as an anti-
oxidant is still unclear. However, it is anticipated that 
PS would exhibit antioxidant effects against mem-
brane lipid peroxidative damage by their ability to 
interact with and penetrate the lipid bilayers. The 
antiradical property of flavonoids in PS would also be 
ascribed to scavenge superoxide anion and hydroxyl 
radicals at the stage of initiation and termination. Our 
findings are in accordance with previous studies that 
reported flavonoid plants such as Epimedii Herba, 
Silybum marianum, and Salvia miltiorrhiza had re-
duced the MDA level in H2O2-induced HUVEC cul-
ture (Wang Y.K. et al., 2005; Lin R. et al., 2006; 
Wang W.R. et al., 2006). It also has been reported that 
there was a reduction of the MDA level after sup-
plementation with luteolin in AOM-induced colon 
carcinogenesis of male mice (Ashokkumar and Sud-
handiran, 2008). 

The main constituents of PS are alkaloids, amides, 
pyrones, flavonoids, sterols, and neolignans (Hussain 
et al., 2009b). Flavonoids are a large group of natu-
rally occurring plant-phenolic compounds that possess 
many biological and pharmacological actions against 
bacteria, allergy, virus, cancer, inflammation, and 
thrombosis (Seyoum et al., 2006). A positive correla-
tion was found between antioxidant activity and total 
polyphenols, flavonoids and amides of PS in the 
β-carotene linoleate model and in the 1,1-diphenyl- 
2-picrylhydrazyl (DPPH) model (Hussain et al., 
2009a). 

Flavonoids are believed to inhibit the activities 
of enzymes involved in the conversion of membrane 
polyunsaturated fatty acids (PUFAs) to active me-

diators such as phospholipase A2, cyclooxygenase, 
and lypoxygenase, and scavenge free radicals (Miean 
and Mohamed, 2001). Flavonoids effectively quench 
ROS due to their 4′-hydroxyl group in the β-ring that 
possesses electron-donating properties and is a radical 
target. Flavonoids are oxidized by radicals thereby 
forming more stable and less reactive radicals. Thus, 
flavonoids stabilize ROS by reacting with compounds 
that have radicals (van Acker et al., 2000). 

SOD, CAT, and GPX are the most crucial en-
zymes in cellular antioxidant systems that play criti-
cal roles on the elimination of excess ROS in living 
organism. The SOD converts superoxide radical to 
hydrogen peroxide that is subsequently converted to 
water by CAT and GPX. Inadequate elimination of 
ROS results in oxidative stress that may cause severe 
metabolic malfunctions and damage to biological 
macromolecules (Mates, 2000). In the present study, 
H2O2-induced HUVECs increased the antioxidant 
enzymes levels. The results indicate that the produc-
tion of higher levels of ROS generated by H2O2 
treatment may have triggered the increased antioxi-
dant enzymatic activities in the cells. It may be at-
tributed to an instant active role of SOD, CAT, or 
GPX in modulating the harmful effects of H2O2.  

Interestingly, another study had shown that the 
antioxidant enzyme levels were reduced in AOM- 
administered mouse colon tissues (Ashokkumar and 
Sudhandiran, 2008). This may be due to the aberrant 
increase in the levels of ROS, which enhanced the 
oxidative stress coupled with proliferation of 
colonocytes in colorectal malignant carcinoma. This 
result also correlates with the previous report that 
reported that the antioxidant enzyme levels were 
reduced due to overutilization to scavenge the prod-
ucts of lipid peroxidation as well as sequestration by 
tumor cell (Manju and Nalini, 2005). 

Our results show that all concentrations of PS 
extracts reduced the levels of SOD, CAT, and GPX in 
H2O2-induced HUVECs. Previous studies had also 
indicated that the roots of Salvia miltiorrhiza had 
reduced the SOD level in HUVECs (Lin Y.L. et al., 
2006). These findings could lead to a hypothesis that 
the flavonoids presented in PS initially played a role 
in reducing the ROS generated by H2O2 thus reducing 
the need for enhanced antioxidant enzymatic activi-
ties. Nevertheless, the extracts of Ligusticum 
chuanxiong and Angelica sinensis had suppressed 



Hafizah et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2010 11(5):357-365 
 

364 

production of ROS that may be associated with in-
creased levels of SOD, CAT, and GPX in H2O2-  
induced HUVECs (ECV 304) (Hou et al., 2004). 
Luteolin supplementation also enhanced the levels of 
antioxidant enzymes by suppressing lipid peroxida-
tion and oxidative stress (Ashokkumar and Sud-
handiran, 2008). 

To the best of our knowledge, this is the first 
study that discusses the use of PS extract in the pre-
vention of atherosclerosis. The antioxidant properties 
of PS could be explained by its high flavonoid con-
tents; however further experiments are needed to 
determine the main active components that are re-
sponsible for its antioxidant activity. 
 
 
5  Conclusion 
 

In conclusion, we demonstrated in the present 
study that the aqueous, methanol, and hexane extracts 
of PS exhibited potent effects as an antioxidant on 
modulating oxidative stress and preventing cell 
apoptosis in H2O2-induced HUVECs. Our data sug-
gest that PS may be used as a safe supplement in 
reducing endothelial injury induced by oxidative 
stress. 
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