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Abstract: The aimed of this study was to investigate the antioxidant properties of 7. crispa as well as its ability
to attenuate the release of oxidant markers in induced oxidation in Human Umbilical Vein Cells (HUVECS).
In vitro studies of antioxidant properties of 7. crispa showed the DPPH scavenging activity of 7. crispa
Aqueous (TCAE) and Methanol Extract (T CME) were 82+1.78 and 73+1.01%, respectively. FRAP value of TCAE
and TCME were 1.0440.27 and 1.64+0.06 mmol 1.7, respectively. Total Flavonoids Content (TFC) of TCAE and
TCME were 205.5843.5 and 223+10.49 mg QF g~' sample, respectively while Total Phenclics Content (TPC) of
TCAE and TCME were 32.58+0.68 and 41 .64+0.97mg GAE mg ' sample, respectively. The antioxidant enzymes
activities (CAT, SOD and GPx) in HUVECs treated with 7. crispa extracts to counter the oxidative effect by
hydrogen peroxide (H,0,) and lipid peroxidation activity by Malondialdehyde (MDA) were also measured. The
result showed TCAE and TCME at a concentration ranges from 100-600 pg mI ™" significantly increased (p<0.05,
0.01) the level of CAT, SOD and GPx. Results of MDA assay showed sigmficant reduction (p<0.05, 0.01) of
MDA level in HUVECs treated with TCAE and TCME. Taken together, the findings suggest that 7. crispa
extracts can effectively protect HUVECS against oxidative stress by H,O, which might be of importance in the
treatment of cardiovascular diseases.
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INTRODUCTION (Bowie and O'Neill, 2000, Luo and ¥Xia,

2006,

Atherosclerosis 1s known to be associated with
oxidative stress (Shi et al., 2006) and became a cause of
death of approximately 16.7 million people (WHO, 2003).
Atherosclerosis is the most prevalent disease responsible
for death from myocardial infarction, cerebrovascular
events, renal failure and ruptured aortic aneurysms (Glass
and Witztum, 2001).

Imbalance between antioxidant and ROS in favour to
the latter will cause oxidative stress. Oxidative stress
alters diverse functional responses of endothelial cells
and thereby is regarded as a critical pathogenic factor in
the development of CVD (Malek and Tzumo, 1994). There
1s increasing interest in the use of antioxidant agents
against ROS stimulus m CVD which has been proved in
studies of sphingosine 1-phosphate, propofol, Vitamin C

Moriue et al., 2008). The endogenous enzymes such as
Catalase (CAT), Superoxide Dismutase (SOD) and
Glutathione Peroxidase (GPx) may also play a pivotal role
in preventing cell injury cause by ROS (Lue and Xia,
2006). These antioxidant enzymes were inducible in a
response to oxidative stress in various orgamsms and
respond to oxidative stress by mcrease their antioxidant
enzyme activities (Kotze, 2003). SOD and catalase work in
tandem. SOD scavenges superoxide anion by forming
hydrogen peroxide while CAT and GPx safely decompose
hydrogen peroxide to water and superoxide amon.

This study aimed to determine the antioxidant
potential of T. erispa in response to ROS activity in vitro.
The 1, 1-Diphenyl-2-Picylhydrazyl (DPPH), Ferric
Reducing Antioxidant Potential (FRAP) Assays Total
Phenolics Content (TPC) and Total Flavonoids Content
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(TFC) of T. crispa extract were carried out to provide
pleminary data on its antioxidant properties while the
antioxidant enzymes activity of the extract was assessed
by evaluating the activity of CAT, SOD and GPx
on human umbillical endothelial cells (HUVECS).
MDA assay was also performed to determine the ability
of 7. crispa extracts to intubit lipid peroxidation caused by
ROS in vitro.

MATERIALS AND METHODS

Plant crude extract: 7. crispa plant was collected from
local forest from entire Malaysia. The plant was identified
and authenticated by plant taxonomist from Forest
Research Institute of Malaysia (FRIM). A voucher
specimen was deposited in FRIM herbarium, KEP (FRI
54832).

The stems of T. e¢rispa were washed thoroughly in
tap water, cut into small pieces, dried in an open air
for 24 h and pulverized. Aqueous extract of 7. crispa stem
was prepared by soaking 100 g of the powdered T. crispa
i 1000 mL distilled water and incubated in shaking water
bath at 60°C for 6 h. Once filtered, the filtrate was freeze
dried and kept at -20°C until used.

Methanol extract of 7. crispa stem was prepared by
similar approach as the aqueous extract with exception the
mcubation temperature was set at 25°C on an orbital
shaker at 150 rpm for 24 h. The supernatant was filtered
using filter paper. The residue was then extracted twice
with additional 1000 mL of methanol as described above.
The combined methanol extracts were then subjected to
dryness using rotary evaporator at 40°C to and kept in the
dark at 4°C until used.

1,1-Diphenyl-2-Picylhydrazyl (DPPH)
Determination of antioxidant activity by DPPH radical
scavenging method was carried out using a method
described by Yen and Hsieh (1998). Briefly, 0.45 mM
DPPH was prepared by dissolving in absolute ethanol.
About 1 mL of the 0.45 mM DPPH was added into 0.5 of
each sample. Butylated Hydroxyl Toluene (BHT) and
vitamic C were used as positive control and absolute
ethanol was used as negative control. All the samples

assay:

were prepared in triplicates. The decrease of absorbance
was monitored after 30 min incubation period at the
wavelength 517 nm at room temperature. The antioxidant

|

activity was expressed using following equation:

OD control — OD sample
OD control

Scavenging effect (%) —(
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Ferric Reducing Antioxidant Potential (FRAP) assay:
The FRAP assay was performed according to the method
of Benzie and Strain (1996). It depends on the ability of
the sample to reduce the ferric tripyridlytriazine (Fe (TIT)-
TPTZ) complex to ferrous tripyridyltriazine (Fe(IT)-TPTZ)
at low pH. Fe(lI}-TPTZ has an intensive blue color which
can be read at 593.3 mL FRAP reagent was taken and the
absorbance was read at 593 nm and set as the blank.
Then, 100 pl. of samples were added to FRAP reagent
with the addition of 300 pL of distilled water. The mixture
was left for 4 min and the absorbance was read at 593 nm.
Adqueous solution of known Fe(Tl) concentration was
used for calibration. A standard curve was plotted at 500,
1000, 2000 and 2500 pmol L.

Determination of Total Phenolics Content (TPC): The
determination of total phenolic content was carried out
using this Folin-Ciocalten method as described by
Velioglu et al. (1998). Briefly, 200 pL of the extract with
concentration of 0.2 mg mI.~" was dissolved in 0.75 mI. of
6% sodium carbonate (Na,CO;) solution. The final mixture
was shaken and then mcubated for 90 mm m a dark room
at room temperature. The absorbance of all samples was
measured at 725 nm using UV-Vis spectrophotometer.
Gallic acid was used as a reference. Standard calibration
curve was plotted at 0.02, 0.04, 0.06, 0.08 and 0.10 mg mL ™"
gallic acid that was prepared in 80% (v/v) methanol.
The absorbance was recorded at 725 nm using 80% (v/v)
methanol as a blank. Total phenolic content was
expressed as milligram of Gallic Acid Equivalents (GAE)
per 100 g of samples.

Determination of Total Flavonoids Content (TFC): The
total flavonoid content was determined using the Dowd
method as described by Zhishen et al. (1999) with slight
modification. Briefly, 5 mL, of 2% aluminium trichloride
(AICL,) in methanol was mixed with the same volume of a
T. crispa extracts solution (1 mg mL™"). Absorption
readings at 415 nm (Shidmadzu, Japan) were taken
after 10 min against a blank sample consisting of a 5 mLL
honey solution with 5 mI, methanol without AlC1,. The
total flavonoid content was determined using a standard
curve with quercetin (Sigma-aldrich, St. Lows, USA)
{0-50 mg I.7") as the standard. The mean of three readings
was used and expressed as mg of Quercetin Equivalents
(QE)/g of extracts.

Cell cultures procedures: Experimental HUVECs that
were used in this study were purchased from ScienCell,
USA. HUVECs were cultured by Endothelial Cell Medium
(ECM) kat (ScienCell, USA) supplemented with 5% Fetal
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Bovine Serum (FBS), 1% Penicillin/Streptomycin and 1%
Endothelial Cell Growth Supplement (ECGS). The HUVECSs
were grown to confluence at 5% CO, humidified incubator
on 75 cm’ tissue culture flasks and 37°C at dark. HUVECs
were routinely subcultured in every 2-3 days as described
by Chen. HUVECs were identified by their typical
cobblestone morphology and  immunofluorescence
staiming by monoclonal antibodies against Von
Willebrand Factor (Immunotech). Cells up to the fourth
passage were used for all experiments.

MTT assay: HUVECs were seeded at 1x10° cells per well
in 96 wellplates (Iwaki, Japan). After 24 h, the culture
medium was replaced with ECM supplemented with 2%
(v/v) FBS without or with 7. crispa Aqueous Extract
(TCAE) and T. crispa Methanol Extract (TCME) at the
concentrations of 100, 200, 400 and 600 ug ml.. After that
the cultures were incubated for a further 24 h. HUVECs
viability were determined according to the method of
Mosmam (1983) with slight modification. Briefly,
HUVECs were incubated with 0.5 mg mL~" Methyl
Thiazoltetrazolium salt (MTT) for 4 h at 37°C. The
formazan crystals resulting from the MTT reduction were
dissolved by adding 100% Dimethyl Sulphoxide (DMSO)
and gentle agitation for 30 min. The absorbance of the
supernatant was then measured spectrophotometrically in
an ELISA reader at 540 nm (VersaMax™).

Determination of the ability of 7. crispa extracts to
attenuate the cytotoxic effect of H,0,: HUVECs were
seeded at 1x10* cells per well in 96 wellplates (Iwaki,
Japan). After 24 L, the culture medium was replaced with
ECM supplemented with 2% (v/) FBS without or with
T. crispa Aqueous Extract (TCAE) and 7. crispa
Methanol Extract (TCME) at the concentrations of 100,
200, 400 and 600 ug mL~". After 30 min, 250 pM of H,O,
were added into the wells. HUVECSs were then incubated
for another 24 h before proceed to MTT assay.

Experiment protocol for oxidative stress: IUVECs were
seeded at 1x10° in 6 well plate. After 24 h, the medium
were replaced with ECM supplemented with 2% FBS
without or with TCAE and TCME at the final
concentration of 100, 200, 400 and 600 ug mL~". The wells
that have no extracts were used as negative control.
After 30 min of pre-incubation of TCAE and TCME,
250 ug mL™" H,O, was added to all well except for
negative control well and HUVECs were further mcubated
for 24 h. After 24 h, cells from each well were washed
by ice cold PBS, scrapped and transferred to falcon
tube (Iwaky, Japen). Cells were then centrifuged at 1000 g
for 10min. The cells were then suspended with 1 mL of
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PBS and sonicated for 1 min. The cells can be used

as a sample for further assay of antioxidant enzyme and
Malondialdehyde Assay (MDA).

CAT, SOD and GPx assay: The procedure of CAT, SOD
and GPx assay was based on the method according to
commercially available Catalase Assay kit (Cayman,
707002, USA), SOD Determination kit (Sigma-aldrich,
19160, Switzerland) and Glutathione Peroxidase Assay lkit
(Cayman, 703102), respectively.

MDA assay: MDA assay was performed according to the
method of Ohkawa et al. (1979) with slight modification.
Briefly, 1 mL sample was added with 1.5 mL. TBARS and
50 uL 2% BHT. TBARS reagent was prepared by adding
15% Trichloroacetic Acid (TCA) and 0.375% Tibarbitruic
Acid (TBA) into 100 mL. HCL 0.25 M. Then, the test tube
was vortexed and boiled into the waterbath for 15 min at
temperature of 100°C. Marble glass was placed on the
tube opening to prevent tube mixture from exploded out.
After 15 min, the tube was cool down by running water.
After that 2 mL of n-butanol was added into each tube
and vortexed for 3 mm.

Then, the test tube was centnifuged at 3000 rpm for
15 min. The upper layer (butanol) was taken and its
absorbance was determined at distance of 532 nm using
spectrophotometer.

Statistical analysis: Statistical analysis was performed by
one-way ANOVA with Turkey’s posthoc multiple group
comparison using Statistical Package for Social Sciences
software (SPSS 16, Chicago, IL, USA). p<0.05 were
considered significant for all tests.

RESULTS AND DISCUSSION

Previous epidemioclogical studies documented on the
effect of antioxidant in the prevention of atherosclerosis-
related diseases (Hsich et al., 2005; Fermell et al., 2002,
Pratico et al., 1998). Those studies also suggest that
consumption of fruit and vegetable-rich diet inversely
correlates with the risk of cardiovascular diseases. These
chemoprotective effects are at least in part, related to the
antioxidant activiies of polyphenolic compounds,
carotenoids or vitaming E and C (Hollman and Katan,
1999; Prior and Cao, 2000). T. erispa, locally known as
Patawali in Malaysia has been traditionally used to treat
diabetes, hypertension and lumbago.

T. crispa is reported to have anti-diabetic (Noor and
Ashcroft, 1998), anti-malarial (Rahman et al., 1999) and
anti-bacterial activity (Zakaria et al., 2006). Sulaiman et al.
(2008) demonstrated anti-inflammatory of T. crispa in
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Table 1: In vitre antioxidant activity, phenolics content and flavonoids content of TCAE, TCME, vitamin C and BHT

Values TCAE TCME Vitamin C BHT
DPPH (%0) 81.65£1.78 73.21£1.010° 92.02+0.41° 91.4140.25°
FRAP (mmol L) 1.04£0.270 1.64+0.060° 3.87£0.47 -

Total polyphenols (mg GAE mg’1 sample) 32.58£0.68 41.6440.970°

Total flavonoids (mg QE g~! sample) 205.58+3.508 223.00+10.4%°

Each value represents the mean+SD. Values with the same alphabet are not significantly different (p<<0.03) between assays. GAE: Gallic Acid Eqmvalent, QFE:

Quercetin Equivalent

various ammal models. Moreover, recent study by
Praman et al (2011) reported hypotensive activity of
T. crispa. Therefore, T. crispa was found to be good
candidate in this study to be potentially used in the
prevention of atherosclerosis-related diseases mcluding
CVD.

In this study, radical scavenging activities of
T. erispa extracts were tested using a methanolic solution
of the stable free radical (DPPH) which 1s known to be
stable but sensitive to light, oxygen, pH and type of
solvent used (Ozcelik et al, 2003). DPPH radical
scavenging activities of TCAE and TCME were quantified
for thewr ability to donate an electron and reduce the
stable radical DPPH to the yellow-coloured
diphenylpicrylhydrazine. DPPH radical scavenging assay
of T. crispa extracts showed that TCAE and TCME
posseses a high DPPH radical scavenging activity
with DPPH value of 82+1.78 and 73+1.01%, respectively
(Table 1). Although, DPPH radical scavenging activity for
TCAE and TCME were not comparable to BHT and
vitamin C, the antioxidant activity of both extract can be
comsidered as high. Components such as apigemn,
picroretoside, berberine, palmatine, picroretine and resin
identified from this plant (Kalsom and Noor, 1995) were
believed to contribute for this powerful antioxidant
capacity.

FRAP assay that has been performed showed FRAP
values of TCME and TCAE were not significantly
different (p<0.05) between each other (Table 1). FRAP
value of TCAE and TCME were 1.04+0.27 and
1.6440.06 mmol 1.7}, respectively. FRAP assay is one of
the methods that was
capacity to measure the ability of the antioxidants to

used to evaluate antioxidant

reduce ferric iron (Fe™) to ferrous ron (Fe™). Antioxidants
in the samples reduce Fe (II1)-TPTZ to form a blue colored
Fe (I1)-TPTZ complex which results in an increase in the
absorbance at 393 nm (Benzie and Strain, 1996). Result of
this study showed that both TCAE and TCME have the
ability to reduce Fe™ to Fe*. However, its activity was
about 2.5 fold lower than vitamin C.

The antioxidant activity in the extract could be
explained with the fact that they contained flavonoids and
polyphenols as being shown in Table 1. The result
demonstrated that the total flavonoids content were not
significantly different (p<0.05) between extracts but
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Fig. 1: Viability of HUVECs agamst;, a) TCAE and b)
TCME. Data were expressed as meantSD

TCME fraction showed a significant higher (p<0.035)
phenolic content compared to TCAE fraction. Phenolic
compounds such as flavonoids, phenolic acids and
tannins are considered as antioxidant source of plants.
Previous study done by the group has found catechin,
luteolin, morin and rutin mn 7. crispa stem extract
(Amom et al., 2009).

These antioxidants alse have been reported to have
diverse biological activities such as anti-inflammatory and
anti-carcinogenic i  vitre and in vive (Chung ef al.,
1998). MTT assay of TCAE and TCME on HUVECs
performed in this study showed that the median Inhibitory
Concentration (IC,,) of TCME was 900 pg mL ™" while IC,;
of TCAE was exceed 1000 ug mL ™" (Fig. 1).

These results showed that TCAE and TCME were
not toxic to HUUVECSs up to concentration 900 pug mL ™.
The effective concentrations (ECy) of both T. crispa
extracts m attenuating the oxidative effect of H,O, were
also evaluated.

Both TCAE and TCME-supplemented HUVECSs were
allowed to settle in the medium for 1 h before the
HUVECs were treated with 250 pM of H,O,, the
concentration which can cause 50% death of HUVECs
population (Kamal et «l, 2009). This experiment
showed that TCAE can attenuate the effect of H,O, lipid
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Fig. 2: Protective effect of, a) TCAE and b) TCME on
H,0,-induced HUVECs. Data were expressed as
meant+SD. Significantly different against H,O,
treated alone *p<0.05, **p<0.01

peroxidation in dose-dependent manner (Fig. 2). However,
protective effect of TCME on H,O,-induced HUVECs 1s
only until 600 pg mL.~" concentration. The reduction of
HUVECSs viability after that concentration was probably
due to the cytotoxic effect of the TCME itself rather than
the cytotoxic effect of H,O,. A balance between growth
and death of endothelial cells is important for the integrity
of the wvascular endothelium. Although, the mature
endothelium ir vivo is remarkably quiescent, endothelial
cells can be activated to grow for purposes of repair
following traumatic injury, inflammation, tumor formation
or in response to physiological stimuli (Ling et al., 2008).
It has been demonstrated that antioxidant enzymes such
as CAT, SOD and GPx can prevent living cells membrane
from damage and lipid peroxidation (Halliwell, 2005).
These antioxidant enzymes play a pivotal role in
preventing cellular damage caused by ROS (Luo and Xia,
2006) which will eventually led to atherosclerosis
(Schwenke, 1998).

Results of CAT, SOD and GPx assay showed both
TCAE and TCME attenuated the changes of antioxidant
enzymes expressed on HUVECs which were induced with
oxidative agent, H,O, (Fig. 3-5). Positive Control (PC)
wells in which the HUVECs were exposed to H,O, without
the treatment of extracts showed the decrease of CAT,

SOD and GPx activity compared to Normal Control (NC).
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Fig. 3: CAT activity of TCME and TCAE. Data were
expressed as meant+SD. Significantly different
against H,O, treated alone *p=0.05, **p=<0.01
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Fig. 4: SOD activity of TCME and TCAE. Data were
expressed as mean+SD. Sigmificantly different
against H,O, treated alone *p<0.05, **p<0.01
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Fig. 5: GPx activity of TCME and TCAE. Data were
expressed as meantSD. Significantly different
agamst H,O, treated alone *p<0.05, **p<0.01

This result was in agreement with study that has
been performed by Lin et al. (2006) which showed that the
activity of antioxidant enzymes activity were reduced
when HUVECSs have been exposed with 250 uM of H,O,.
Compared to PC group, both TCAE and TCME
significantly attenuate the effect of H,0, by mcreasing
the CAT, SOD and GPx activity on HUVECSs treated
with H,O, These results showed that both TCAE and
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Fig. 6 MDA values of TCAE and TCME. Data were

expressed as meantSD. Significantly different
against H,O, treated alone *p=<10.05, **p<0.01

TCME are able to protect HUVECs from H,0O, induced
injury through anti-oxidative approach. For some years,
lipid peroxidation of endothelial cell has been accorded
crucial roles in the process of atherosclerosis. Lipid
peroxidation 1s one of the prinary events m free
radical-mediated endothelial dysfunction and cell injury
(Shi et al, 2006). MDA 18 a by product of lipid
peroxidation induced by excessive ROS and is widely
used as a biomarker of oxidative stress (Cini e al., 1994).
In present study, the exposure of lipid peroxide such as
H,0, caused an elevation of MDA level on HUVECs. As
shown in the Fig. 6, MDA level has mcreased upon the
mcubation of H,O, on HUVECs (PC). However, both
TCAE and TCME showed a protective effect against
H,0, on HUVECs which showed an elevated level of
MDA. Pre-treatment of TCAE and TCME on HUVECs
caused a reduction on MDA level in dose dependent
manner for both extracts. These results showed both
TCAE and TCME have the ability to reduce MDA level in
H,0, induced lipid peroxidation on HUVECs.

CONCLUSION

The present study has elucidated the ability of both
TCAE and TCME m preventing the early event of
atherosclerosis by antioxidant pathway. Both extracts
possess powerful antioxidant as described by TFC, TPC,
DPPH and FRAP assay. Both extracts also have been
identified to attenmate the effect of H,O, on the level of
expression of CAT and SOD as well as MDA level of lipid
peroxidation.
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