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Abstract: Curcuma comosa Roxb. (C. comosa), an indigenous medicinal plant containing phytoestrogens, has
been reported to have hypocholesterolemic and anti-inflammatory effects. Hypercholesterolemia and
inflammation play crucial roles in the development of atherosclerosis. Tn the present study we investigated
whether the hexane extract of C. comosa inhibits atherosclerotic plaque formation and platelet aggregation n
hyperchelesterolemic rabbits. Rabbits were fed 0.5% cholesterol (N = &), 0.53% cholesterol plus 5 mg day ™" of
simvastatin (N = 6), 0.5% cholesterol plus 100 mg kg~ b.wt./day of C. Comosa extract (N = 6) or normal rabbit
chow (N = 6) for 12 weeks. Blood samples for cholesterol determination were collected in monthly mtervals. At
the end of the study period, platelet aggregation ex vive, endothelium-dependent and -independent vascular
function of 1solated aortic rings ex vivo and aortic plaques were assessed. Cholesterol feeding to the rabbits
for 12 weeks significantly increased plasma lipid profiles, platelet aggregation and impaired endothelium-
dependent relaxations to ACh and ADP. Supplement with simvastatin or hexane extract of C. comosa attenuated
platelet aggregation, plasma lipid profiles and partly restored endothelium-mediated vascular responses. Both
simvastatin and hexane extract of C. comosa also improved aortic intimal thickening by about 76 and 74%,
respectively. The results indicate that hexane extract of C. comosa possesses the beneficial effects in
hypercholesterolemia in similar manner to simvastatin. The therapeutic potential for the prevention or regression
of atherosclerosis should be further mvestigated.
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INTRODUCTION

Platelets play a key role in homeostasis of the
vascular wall. They can also contribute to endothelial
dysfunction, modulate various inflammatory responses
and also 1mtiate atheromatous plaque formation.
Atherosclerotic plaque development involves a complex
mteraction between the endothelium, inflammatory
cytokines and numerous blood elements (Garelnabi, 2010).
At the sites of mjured endothelium, platelets form a
primary platelet plug, followed by the expression or
secretion of various molecules that assist in vessel repair
in the stages of platelet adhesion, activation and
agpgregation. Adhering platelets recruit monocytes that
transmigrate into the subendothelial space and develop
into macrophages and foam cells.

In addition, platelets are a source of inflammatory
mediators

and growth factors, mcludng adhesion

proteins (e.g., fibrinogen, fibronectin, von Willebrand
factor, thrombospondin, vitronectin, P-selectin), growth
factors (e.g., platelet-derived growth factor, transforming
growth factor-P, epidermal growth factor, basic fibroblast
growth factor), chemokines (e.g., PF-4, regulated on
activation, normal T-cell expressed and secreted, epithelial
neutrophil-activating 78, macrophage
inflammatory protein-le), cytokines and cytokine-like
{eg., interleukin-1p, CD40  ligand,
thromboglobulin-p}) and coagulation factors (e.g., factor
V., factor XI, plasminogen activator miubitor type 1,
2009). These
are detectable in

protein

factors

plasminogen, protein 3) (Jennings,
and growth factors
atherosclerotic plaques (Pitsilos et al., 2003). Moreover,
it was reported that activation of circulating platelets
correlates with enhanced wall thickness of the carotid
artery in humans (Saeed et al, 2004
Fateh-Moghadam et al., 2005), platelet aggregability are

chemokines
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increased in animal models of hypercholesterolemia and
in human subjects with familial hypercholesterolemia.
Activated platelets also modulate the tone and the
structure of the wvascular wall (Bode-Boger et al., 1998).
In hypercholesteremic rabbits, platelets adhere to the
endothelium of atherosclerotic sites in the absence of
endothelial
atherosclerotic lesions develop (Theilmeier et al., 2002).
Accumulating evidence suggests that inhibition of
platelet function can modulate inflammatory markers, such
as CD40 ligand, P-selectin and C-reactive protemn and
reduce vascular inflammation (Rosenson and Tangney,
1998; Hermann et al., 2001; Saeed et al., 2004). The report
from the study of the antiplatelet Trialists' collaboration
meta-analysis showed the benefit of antiplatelet therapy
to patients with atherosclerotic disease (Antithrombotic
Trialists” Collaboration, 2002). Antiplatelet drugs, such as
aspirin or clopidogrel, have been demonstrated to reduce
the incidence of Myocardial Infarction (MI), stroke or
vascular death in patients with vascular disease (CAPRIE
Steering Committee, 1996, Rosenson and Tangney, 1998,
Saeed et al., 2004). However, bleeding risk is a substantial
limitation of antiplatelet therapy, because these agents
target platelet activation pathways critical for both
protective haemostasis and pathologic thrombosis.

Curcuma comosa Roxb. (Zingiberaceae) has been
used extensively as indigenous Thai medicinal plant. Its
rhizome was found to contamn an estrogenic like action
and has been traditionally used as an anti-inflammatory
agent in postpartum uterine bleeding and uterine
mflammation. It has been reported that the extracts of
C. comosa  possess a  hypocholesterolemic
(Piyvachatuwrawat et al, 1999), an anti-oxidative effects
(Niumsakul et af., 2007). Both hexane and ethanol extract
of C. comosa exhibit an anti-inflammatory action by
suppression the release of pro-inflammatory cytokines,
tumor necrosis factor ¢ (TNF-i) and interleukin-10, from
phorbol-12-myristate-13-acetate (PMA)-stimulated
peripheral bloed mononuclear cells (PBMC) and human
pro-monocytic cell line (U937) (Sodsai et al, 2007).
Recently, the hexane extract of C. comosa and its isolated
compound, diaryltheptanoid-D3,
demonstrated to have vasodilator effect as shown by
enhancement of endothelium-dependent vascular
relaxation of rat aortic rings (Intapad et al., 2009).
Therefore, it was interesting to determine the role of
C. comosa on the platelet activity and atherosclerotic
plaque development In the present study, we
investigated whether the hexane extract of C. comosa
could attenuate platelet aggregation, restore endothelium
function and prevent atherosclerotic plagque formation in
rabbit atherosclerosis model.

cell denudation  before mamfest

a have been
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MATERIALS AND METHODS

Materials: C. comosa powder was kindly provided and
characterized by Professor Apichart Suksamrarmn, Faculty
of Science, Ramkamhaeng University. Its main
constituents were 1,7-diphenyl-(6E)-6-hepten-3-ol and 1,7-
diphenyl-(4E,6E)-4,6-heptadien-3-ol. Inbrief, dried thizome
of C. comosa was collected from Nakornpathom province.
A voucher specimen (BKF No. 97298) was deposited at
the Forest Herbarium, Royal Forest Department,
Ministry of Agricultwe and Cooperatives, Bangkok.
The C. comosa thizomes were sliced and dried at
50-60°C. The dried rhizomes were pulverized before used
inammals. Simvastatin was purchased from an accredited
drug store (Bangkok, Thailand). Normal diet chow and
erriched with 0.5% cholesterol were prepared by Charoen
Pokphand Foods Public Company Limited, Thailand.

Animals and study design: Twenty-four male New
Zealand White rabbits initially weighing 1.5-2 kg were
supplied by the National Laboratory Animal Center of
Thailand, Mahidol University, Salaya Campus,
Nakormnpathom, Thailand. The study protocol was
approved by the ethical committee for studies in ammals
of Srinakharinwirot University, which conformed with the
International Guiding Principles for Biomedical Research
Involving Amimals (CIOMS/WHO). The ammals were
housed with one ammal per cage at the Faculty of
Medicine, Srinakharinwirot University, Thailand. All of
the animals were kept in a humidity-controlled room at a
constant temperatiwe of 25+2°C and maintained on a
12 h alternate light-dark cycle, with free access to food
(C.P. Company, Thailand) and drinking water ad libitum
throughout the experiment.

After 2 weeks of adaptation, the rabbits were
randomly divided inte four groups of six animals each.
Rabbits in the first group served as a control group
{control group) were fed normal rabbit chow throughout
the study. The other three groups of rabbits were fed a
diet contaimng 0.5% cholesterol (cholesterol group), or
0.5% cholestercl plus 3 mg day ' of simvastatin
{cholesterol+simvastatin group), or 0.5% cholesterol plus
100 mg kg™' b.wt/day of hexane extract of C. comosa
(cholesterol+C. comosa group) for 12 weeks. Food and
water were allowed ad libitum. Body weight, food and
water consumption were measured at weekly intervals.

Before the start of the dietary intervention and every
4 weeks thereafter, blood samples were obtained from the
central ear artery. Plasma was removed after centrifugation
(1,500 g, 10 mimn) and stored at -20°C before measuring
plasma cholesterol concentrations. At the end of the
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experimental period, the rabbits were killed. The aorta was
isolated for the measurement of vascular function and
histological examination.

Measurement of plasma cholesterol: Plasma total
concentrations  were  quantified by
commercially available enzymatic methods (Hoffmarm-La
Roche Inc. USA).

cholesterol

Platelet aggregation: Platelet Rich Plasma (PRP) was
generated from citrated blood by centrifugation at 80 g for
10 min at 25°C. Platelet Poor Plasma (PPP) was prepared
from the remaining volume of bloed by centrifugation at
2,000 g for 15 min at 25°C.

Platelet aggregation was performed
spectrophotometrically on  Chronolog aggregometer
(500  CA/S60CA) as described previously (Bode-

Boger et al., 1998). The aggregometer was adjusted before
each test so that m each subject the value for light
transtmission for PRP was 0% and that for PPP was 100%.
Aggregation was induced in duplicate using four different
concentrations of adenosine diphosphate (ADP; final
concentrations of 0.5, 1.0, 2.0 and 4.0 mmol L) and was
monitored for 4 min. Aggregations were evaluated as area
under the aggregation curves (Born, 1962).

Measurement of vascular functions: The aortas were
dissected free of adhering fat and connective tissue. The
specimens were cut into rings of approximately 3 mm long,
four rings per ammal. During harvesting, special care was
taken to avoid contact with the luminal surface of the
rings to preserve the endothelium. The aortic rings were
immediately placed into organ baths of 20 ml. capacity
contaimng moedified Krebs solution (pH 7.4) of the
following composition (inmM): Na' 145.0, K" 5.95, Ca™
1.7, Mg” 1.2, Cl7 128.15, HCO, 25.0, H,PO,/ 1.2, SO,
1.2, glucose 10.6, EDTA 0.025. The buffer was maintained
at 37°C and continuously aerated with a gas mixture
consisting of 95% O, 5% CO,. The aortic rings were
comnected to force transducers (Biegestab SB-24, Japan)
for the measurement of isometric tension. Each aortic ring
was gradually stretched to a resting tension of 2 g and
allowed to equilibrate for 60 min. The rings were then
contracted with 1 pM Norepinephnine (NE) and relaxed by
1 pM Acetylcholine (ACh) for testing of endothelial
integrity. Thereafter, the vascular rings were repeatedly
washed with Krebs buffer until the tension had returned
to the previous baseline value. Aortic rings from centrol
animals always exhibited more than 70% relaxation of the
NE-induced contraction plateau in response to 1 pM ACh.

Subsequently, cumulative concentration response
curves were obtained with the endothelium-dependent
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relaxant ACh or Adenosine Diphosphate (ADP) and the
endothelium-independent relaxant Sodium Nitroprusside
(SNP) after precontraction with 1 pM norepinephrine
(all drugs concentration ranging from 1 nM to 0.1 mM).
Aortic relaxations were expressed as percentage of the
precontractile tension induced with 1 uM NE.

Aortic atherosclerotic plaque formation: Segments of the
thoracic aorta were fixed in formalin, embedded in paraffin
and stained with haematoxylin/eosin for the morphometric
measurement of intimal and medial cross-sectional areas
by using a plammeter (semi-automatic mode). Four
sections of each ammal were analyzed and the values
averaged. The observers performing the
histomorphological measwrements were blinded to the
treatment groups.

were

Statistical analysis: All data were expressed as Meant
SEM. Statistical significances between groups and within
a group at multiple time points were analyzed using
multiple comparison analysis of variance followed by the
Scheffe’ F-test (Fisher and van Belle, 1993). Statistical
sigmificance was accepted at the 0.05 level of probability.

RESULTS

Body weight and plasma cholesterol concentrations: The
body weights of the rabbits m all experimental groups
were regularly increased with no significant differences
between the groups at all periods (Table 1). Plasma total
cholesterol, LDL-C and HDL-C concentrations were
elevated by cholesterol-enriched diet. Supplementation
with either simvastatin or C. comosa significantly
decreased plasma total cholesterol after the 4-week
experimental period and LDL-C after the 8-week
experimental period, compared with the control group.
There were no significant differences in HDL-C
concentrations at any time point between the rabbits fed
cholesterol diet and those supplemented with C. comosa.
Treatment with simvastatin significantly lowered HDL-C
concentrations only at the end of experiments, compared
to cholesterol group.

Platelet aggregation: Platelet aggregation in response to
ADP was significantly increased in hypercholesterolemic
rabbits compared to controls over the whole
concentration range of ADP (p<0.05, Fig. 1)
Supplementation with C. comosa inhibited the increased
of percent light transmission of platelet aggregation
induced by low concentration of ADP (0.5 and 1 pM). In
response to higher concentration of ADP (2 and 4 puM),
percentage of platelet aggregation was higher than those

das
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Table 1: Body weight, plasma total cholesterol, low-density lipoprotein (LDL)-cholesterol and high-density lipoprotein (HDL)-cholesterol concentrations

in the experimental groups

Time period (weeks)

Group Baseline 4 8 12
Bodyweight
Control 2.44+0.11 2.82+0.10 3.23£0.08 3.50+0.07
Cholesterol 2.51+0.14 2.85+0.17 3.12+0.10 3.23+0.16
Cholesterol+simvastatin 2.43+0.11 2.73£0.11 2.97+£0.13 3.35+0.14
Cholesterol+C. comosa 2.33+0.09 2.92+0.14 3.18+0.16 3.38+0.09
Total cholesterol (mg dL™)
Control 41.2+4.2 35.9+3.8 36.7£3.2 3751
Cholesterol 50.00+2.98 027.20+235 44+ 1217.604295.73% 1606.5£96. 5%
Cholesterol+Sirmvastatin 41.75+4.31 618.60+£168.94* 797.40+=254.400+ 526.75£201.31%
Cholesterol+C. comosa 52.4046.01 651.204£205.14% 709.00+£226.77% 980.4+298 8*
LDL-cholesterol {(mg dL™Y)
Control 10.70+£2.2 8.334+2.1 9+1.9 9.5+2.9
Cholesterol 14.20+1.93 873.40+232.13* 1047.004259.89* 1305.5+£87.20%
Cholesterol+simvastatin 11.75+1.44 584.20+£175.08+ 745.00+£235.26% 453.5+174. 9%
Cholesterol+C. comosa 18.40+3.33 601.20+201 .35+ 596.80+=175.54% 755.40+264.25%
HDL-cholesterol (mg dL™)
Control 33.67+3.75 28.67+5.24 21.6£2.91 26.7£2.8
Cholesterol 30.80+3.47 220.00+48 39+ 310.80+73.82% 331.5442.51%
Cholesterol+simvastatin 30.00+4.02 163, 00+39.48% 223.6+68.19% 145.75+51.86%"
Cholesterol+C. comosa 35.0043.54 171.00+38.35% 192.4446.11* 252.6£76.32%

Data are Mean+=SEM, #p<0.05 vs. control, Tp<0.05 vs. cholesterol

1004 T
=———t—— Cholestero] group

——8—— Simvastatin group
—Q—— C. Comtosa group
——~&—— Control group

20 1

0 T T T
0.5 1.0 20 4.0
ADP concentration (uM)

Fig. 1: Percent light transmission in platelet aggregation
induced by ADP (0.5-4 uM) i platelet rich plasma
ex vivo from rabbits in various groups after 12
weeks of the experiments. Data are MeantSEM,
*p=<<0.05 vs. control, Tp<t0.05 vs. cholesterol

in control group but still was significantly lower than in
hypercholesterolemic rabbits. Whereas treatment with
simvastatin reduced platelet aggregation induced by only
higher concentration of ADP (2 and 4 pM).

Endothelial function: Endothelium-dependent relaxations

of isolated aortic rings ex wvive in response to
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Table 2: Median effective concentrations (log ECs; values) of relaxation
responses of isolated rabbit aortic rings
Log ECsy

Group ACh ADP SNP

Control -6.802+0.08 -6.894+0.07 -6.073+0.15
Cholesterol -6.468+£0.12%  -5.990+0.11*% -6.016+0.14
Cholesterol+Simvastatin =~ -6.733+0.09*"  -6.0904+0.08*" -6.119+0.19
Cholesterol+C. comosa -6.735:0.14%  -6.11140.11%7  -6.02440.12

Data are Mean+SEM, *p<:0.05 vs. control, Tp<t0.05 vs. cholesterol

Acetylcholine (ACh) and Adenosine Diphosphate (ADP)
were significantly attenuated in the cholesterol-fed rabbits
as compared to controls (Fig. 2a and b). Supplementation
with simvastatin or C. comosa partly but not completely
restored relaxations to ACh and ADP (p<0.05 wvs.
cholesterol). In contrast, no significant differences were
observed 1n endothelinm-independent relaxations in
response to Sodium Nitroprusside (SNP) between all three
groups (Fig. 2¢).

The EC,; values for the endothelium-dependent and
-independent vasodilators are given in Table 2. Sensitivity
of 1solated aortic rings to ACh and ADP was significantly
decreased in cholesterol group as compared to control
group (p<0.05) and slightly increased by the
supplementation with either simvastatin or C. comosa.

Aortic plaque formation: After 12 weeks of dietary
intervention, no intimal thickening of thoracic aorta was
observed m the control group. Intima/media ratio in
histological cross sections of the thoracic aorta was
increased to 1.15+0.18 i the cholesterol group. Both
simvastatin and C. comosa admimstration sigmficantly
reduced mtimal thickeming in the thoracic aorta. The
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Fig. 2(a-c): Endothelium-dependent relaxations mduced
by (a) ACh, (b) ADP and (¢) endothelium-
independent relaxations induced by SNP of
1solated aortic rings ex vivo from rabbits fed
normal rabbit chow, 0.5% cholesterol-
enriched diet, 0.5% cholesterol-enriched diet
plus 5 mg/day of simvastatin, or plus
100 mg kg™ b.wt./day of C. comasa () for
12 weeks. Data are Mean+SEM, *p<0.05 vs.
control, Tp<0.05 vs. cholesterol

intima/media ratios were 0.28+£0.10 and 0.31£0.07 for the
cholesterol plus simvastatin and that plus C. comosa,
respectively (Fig. 3).
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Fig. 3: Aortic cross-sectional intima/media ratio in
rabbits fed normal rabbit chow, 0.5% cholesterol-
enriched diet, or the same diet plus 5 mg day™" of
simvastatin, or plus 100 mg kg™ b.wt./day of
C. comosa for 12 weeks. Data are Mean+SEM,
*p=<0.05 vs. control, Tp<0.05 vs. cholesterol

DISCUSSION

Our present study suggests that the development of
atherosclerotic plaque in cholesterol-fed rabbits could be
reduced by daily supplementation with 100 mg kg™
bwt/day of the hexane extract of C. comosa or
5 mg day' of simvastatin. This beneficial effect is
paralleled by (1) decreased plasma concentration of total
cholesterol and LDL-C, (2) reduced platelet aggregation
and (3) mmprovement of vascular function

Atherosclerosis is associated with increased total
cholesterol and L.DL-C, impaired endothelium-dependent
vasodilation, enhanced platelet aggregation, increased
oxidative stress and endothelial adhesiveness for
monocytes (Jennings, 2009, Garelnabi, 2010). Rabbit fed
a high-cholesterol i1s well known for a good model to
study  hypercholesterolemia  and  atherosclerosis
(Phivthong-Ngam et al, 1998, Srisawat et al., 2003,
Abdelhalim and Alhadlag, 2008; Chumark et «l., 2008).
Dietary containing high cholesterol (0.5-1%) increases the
levels of plasma total cholesterol and LDL-C in rabbats,
concomitantly with increased platelet aggregation,
impaired vascular function and aortic atherosclerotic
plaque formation (Bode-Boger et al., 1998, Phivthong-
Ngam et al., 1998, Srisawat et af., 2003; Chumark et af.,
2008). The similar changes were found in this study.

Simvastatin was used as the positive control. Tt is a
hydroxy-3-methylglutaryl coenzyme A reductase intubitor,
a potent cholesterol lowering drug. Cholesterol-lowering
drugs are therapeutic options that have been shown to
reduce the biological and climcal burden related to
atherosclerosis  (Rosenson and  Tangney, 1998,
Anand et al, 2008; Superko and King, 2008). The
effectiveness of statins in the prevention of coronary
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artery disease is not only to reduce cholesterol levels but

also to stabilize atherosclerotic plaque, 1mprove
paraoxonase activity, improve endothelial function,
enhance fibrmolysis and antithrombotic  effects

(Rosenson  and Tangney, 1998; Undas et al, 2001,
Shetty et al., 2008). Previous studies reported that statin
therapy could upregulate mitric oxide production or
activity and reduce oxidative stress (Anand et al., 2008;
Superko and King, 2008). The dose of simvastatin used in
our study (5 mg day™') was a low dose that has been
reported to reduce plasma total cholesterol in rabbits
without toxicity (Alfon et al., 1999). Consistent with these
studies, results that
treatment reduced plasma cholesterol, prevented the
platelet aggregation, restored impaired endothelium-
dependent vasodilation and attenuated plagque formation
i cholesterol-fed rabbits. Antiplatelet activity of
simvastatin has been previously demonstrated both in
hypercholesterolemic patients and animals (Rosenson and
Tangney, 1998). Lee and co-workers recently reported that
the antiplatelet activity of simvastatin involved an
increase of the cyclic AMP-eNOS/MNO-cyclic GMP
pathway, followed by inhibition of the PL.Cy2-PKC-p38
MAPK-TxA, cascade (Lee et al., 2010).

C. comosa and its active chemical compound,

our showed simvastatin

phloroacetophenone or 2, 4, 6 trihydroxyacetophenone,
have been reported to decrease plasma cholesterol.
Intragastric admimstration of C. comosa thizome ethyl
acetate extract to hypercholesterolemic hamsters at a dose
of 500 mg/ke/day for 7 day caused decreased both
plasma triglyceride
(Piyachatwawat et al., 1999). Phloroacetophenone also
decreased plasma cholesterol m rats
(Pivachaturawat et al., 2002a) and decreased both plasma
cholesterol triglyceride
hypercholesterolemic hanisters (Piyachaturawat et al.,
2002b). Hypocholesterolemic effect of C. comosa was also

and  cholesterol  levels

and level in

found 1n our experiments. The dose of C. comosa used in
this study (100 mg kg~ b.wt./day) was much lower than
the maximum dose for hypercholesterolemic hamsters as
reported by Piyvachaturawat et al. (1999) and was not
shown to have any toxicity. Phloroacetophenone, an
active compound of C. comosa, was found to enhance the
activity of hepatic cholesterol-7-¢-hydroxylase, the rate-
limiting step enzyme for hepatic conversion of cholesterol
to bile acid and excreted wvia biliary
(Charoenteeraboon et al, 2005). Lowering effect of
C. comosa in this study may be due to an activation of
hepatic cholesterol-7-o-hydroxylase enzyme. However,

secretion

the accurate mechanism of C. comosa on lipid lowering
activity should be further investigated.
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Platelet agpgregability is enhanced in
hypercholesterolemic ammals and patients (Jennings,
2009). There are many mechanisms considered for the
enhanced platelet aggregation. One of them 1s an increase
1n the adenosine diphosphate-mnduced fibrinogen binding
to platelets mediated by LDL 1n a dose-dependent manner
(Andrews et al., 1987). LDL (Van Willigen et al., 1994) and
oxidized LDL (Relou et al., 2003) have been shown to
activate platelets through a protein kinase C (PKC)-
dependent In addition, oxidative stress
which is associated with the hypercholesterolemia
(Ferroni et al., 2004; Prasanna and Pumima, 2011) has also
been reported to activate PKC (Kooy et al., 1993). Thus,
and C. comosa may 1nhibit platelet
aggregation by lowering LDL levels i vivo. On the other
hand, they may affect platelet function by changing the
cholesterol content of platelet membranes, which alters
membrane fluidity (Rosenson and Tangney, 1998). Among
these mecharisms, Nitric Oxide (NO) also inhibits platelet
aggregation in vivo and in vitro. Hypercholesterolemia
impairs platelet-derived nitric oxide (PDNQ) released from
platelets attributable to
Platelets possess the L-arginine-NO pathway through
constitutive NO synthase in humans (Sase and Michel,
1995). PDNO during platelet aggregation increases the
intraplatelet of cyclic guanosine 3, 5-
monophosphate and then mhibits platelet aggregation.
Thus, PDNO acts as a negative feedback mechanism to
inhibit not only platelet aggregation but also recruitment
after aggregation (Freedman et al., 1997). It has been
found that PDNO was lower in hypercholesterolemic
patients (Wolf et al., 1997).

Phytoestrogens presented m C. comosa hexane
extract are phenolic compounds which show a similar
activity to estrogen (Piyachaturawat et al., 1999). The
effect of estrogen on the coagulation system is variable.
Platelets incubated with estradiol manifest decreased
adherence (Miller et al., 1994), aggregation (Nakano ef al.,
1998), fibrinogen (Miller et al., 1995) and plasmimogen
activator mhibitor (Koh et al., 1999), leading to inhibition
of platelet aggregation.

Endothelial dysfunction 1s an important early event
in the pathogenesis of atherosclerosis, contributing to
plaque initiation and progression. Impaired responses to
endothelium-dependent vasodilators have been shown in
arteries and arterioles from cholesterol-fed animal
(Phivthong-Ngam et al., 1998; Srisawat et al., 2003) and
from human associated with hypercholesterolemia and
atherosclerosis (Creager et al., 1992). Several lines of
suggest that the wvascular dysfuinction
assoclated with atherosclerosis 1s due to increased serum

mechanism.

siunvastating

increased oxidative stress.

level

evidence
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cholesterol levels (Sudano et al, 2006). Cholesterol-
lowering drugs or diet can attenuate the accumulation of
cholesterol and preserve  endothelium-dependent
relaxation in hypercholesterolemic animal models and in
human. One of the major factors responsible for
endothelial dysfunction appears to be a reduced stability
of the endothelial enzyme generating NO, endothelial
nitric oxide synthase (eNOS) (Lokhande et al., 2006). It
was demonstrated that statins prevented hypoxia-induced
down regulation of eNOS in human endothelial cells by
stabilizing eNOS mRNA, leading to an increase m NO
production by these cells (Laufs et al., 1997). Statins may
influence plaque composition by inhibition of cholesterol
accumulation in monocyte-derived macrophages either by
reducing the availability of free cholesterol, or by
reduction of the synthesis of mevalonate and its derivates
which are required for cholesterol esterification
(Bernini et al., 1993).

In persons at high risk of cardiovascular events, a
greater 1soflavone intake 1s associated with better

vascular endothelial function and lower carotid
atherosclerotic  burden  (Ogbuewu et al, 2010
Nurulhuda et al, 2012). It has been reported that

genistein reduced the elevated blood pressure and
endothelial dysfunction in Spontanecusly Hypertensive
Rats (SHRs). This latter effect appears to be related

to  increased eNOS  activity associated with
increased calmodulin-1 expression and decreased O,”
generation (Vera et al, 2007). Furthermore,

phytoestrogens have the ability to upregulate the
expression of endothelial nitric oxide synthase (eNOS)
protein in the endothelial cells of the blood vessels and
hence increase in the production of Nitric Oxide (NO)
(Mendelsohn and Karas, 1999). In addition, it has been
reported that the hexane extract of C. comosa enhanced
endothelial-dependent relaxation of rat aortic rings in
response to ACh via the estrogen receptors/Akt/eNOS
signaling pathway (Intapad et al., 2009).

Atherosclerosis is a chronic inflammatory disease.
Several inflammatory cytokines and growth factors,
mcluding platelet-derived growth factor, transforming
growth factor-p, interleukin-1 beta (IL-1B), monocyte
chemoattractant protein-1 (MCP-1) and tumor necrosis
factor-alpha (TNF-tt), are detectable in atherosclerotic
plaques (Garelnabi, 2010, Pitsilos et al., 2003). Hexane and
ethanol extract of C. comosa were shown to suppress the
release of cytokines TNF-¢ and IL-1p through attenuating
TxB kinase (IKK[}) expression and NF-xB activation
(Sodsai et al., 2007).

CONCLUSIONS

The results of the present study support the
beneficial effects of C. comosa in the prevention of the
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atherosclerotic plaque development in the same manner as
simvastatin. Its antiatherosclerotic effects seem to be due
cholesterol-lowering, antiplatelet activity and
restoration of endothelial function. The mechanisms
underlie these effects and therapeutic approach should be
further investigated.
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