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Abstract
Background: Piper sarmentosum (P.s) has flavonoid component in its leaves which has antioxidative effect. To date, its 
effect on atherosclerosis has not been studied histologically.

Aim: The study aimed to investigate the effect of P.s on atherosclerotic changes in hypercholesterolemic rabbits.

Methods: Forty two male New Zealand white rabbits were divided into seven groups. C - control group fed normal 
rabbit chow, CH - cholesterol diet (1% cholesterol), W1 - 1% cholesterol with water extract of P.s (62.5 mg/kg), W2 - 1% 
cholesterol with water extract of P.s (125 mg/kg), W3 - 1% cholesterol with water extract of P.s (250 mg/kg), W4 - 1% 
cholesterol with water extract of P.s (500 mg/kg) and Smv - 1% cholesterol supplemented with simvistatin drug (1.2 
mg/kg). All rabbits were treated for 10 weeks. Following 10 weeks of supplementation, the animals were sacrificed and 
the aortic tissue was taken for histological study.

Results: Rabbits fed only with high cholesterol diet 1% cholesterol (CH) showed focal fatty streak lesions compared to 
the C group and 1% cholesterol supplemented with simvistatin drug (Smv) group. Atherosclerotic lesions in the 1% 
cholesterol group supplemented with P.s (500 mg/kg) i.e. W4 group showed significant reduction (30 ± 6.0%, p < 0.05) 
in fatty streak compared to the high cholesterol group (85.6 ± 4.1%) under Sudan IV stain. The atherosclerotic lesions 
under transmission electron microscope showed reduction in foam cells in the treatment groups compared to the CH 
groups.

Conclusion: Administration of P.s extract has protective effect against atheroscleros

Introduction
Piper sarmentosum belongs to the family Piperaceae and
it is widely cultivated in tropical and subtropical coun-
tries. The plant is popular due to its culinary and medici-
nal properties. In different parts of the world, P.s has been
used traditionally to cure many diseases [1]. Phytochemi-
cally, the plant contains constituents likes alkaloids
(amide, flavonoids, pyrones) [2] and it has also been
reported to possess pharmacological properties like anti-
tuberculosis [3] anti cancer [4], anti-angiogenic [5], hypo-
glycaemic [6], antimalarial [7], antioxidant [8], neuro-
muscular blocker [9] and antiamebic [10]. Due to these
properties, the plant has a great potential of commercial-

ization as medicinal plant in Malaysia and South-East
Asia.

Today, herbal medicine has grown in popularity all over
the world. Many individuals have resorted to herbal rem-
edies in their daily life especially in developing countries,
because of absence of adverse effects and cost effective-
ness [11].

Atherosclerosis is the major cause of morbidity and
mortality in the developing and developed countries [12].
The magnitude of this problem is profound as atheroscle-
rosis claims more lives than all types of cancer combined
and the economic costs are considerable. Atherosclerosis
is characterized by the accumulation of cholesterol
deposits in macrophages in large- and medium-sized
arteries. This deposition leads to a proliferation of certain
cell types within the arterial wall that gradually impinge
on the vessel lumen and obstruct the blood flow. This
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process may proceed for decades until an atherosclerotic
lesion is formed. As a result, the blood flow is disrupted
and deep arterial wall components are exposed to flowing
blood, leading to thrombosis and compromised oxygen
supply to target organs such as the heart and brain. Vari-
ous harmful agents such as smoking, hypertension, and
diabetes may play an important role in initiating chronic
inflammation, which predisposes vulnerable plaque to
rupture and cause thrombosis. The endothelial dysfunc-
tion and inflammation causes not only the initial stage of
the atherosclerotic process but also leads to atheroscle-
rotic plaque development.

Atherosclerosis can be modified from chronic inflam-
mation induced by lipids [13]. The arterial lesions in
human atherosclerosis closely resembles that of the cho-
lesterol fed rabbits. The endothelial dysfunction during
atherosclerotic process was reported earlier by Ross
(1999) [14]. Keeping in view the above facts, the present
study was designed to observe the process of atheroscle-
rosis in experimental rabbits and the protective role of P.s
extract in arresting such atherosclerosis.

Materials and methods
Animals and experimental protocol
Prior ethical approval was obtained from the Animal Eth-
ics Committee, Universiti Kebangsaan Malaysia. Forty
two male New Zealand White rabbits with body weight of
1.8 ± 2 kg were obtained from East Asia Rabbit Corpora-
tion Sdn. Bhd. Malaysia, and were housed separately in
cages in an air-conditioned room with a12-h light/dark
cycle. All animals were fed with pellet for two weeks
before starting the experiment, allowed drinking water ad
libitum and fed vegetable diet comprising of cabbage and
carrot once per week. The rabbits were then randomly
divided into seven groups; control group (C; n = 6) rab-
bits was fed the standard diet, atherogenic rabbits group
(CH; n = 6) was fed the standard diet enriched with 1%
cholesterol, treatment groups (W1;n = 6, W2; n = 6, W3;
n = 6 and W4; n = 6), were fed with standard diet
enriched with 1% cholesterol plus different doses of water
extract of P.S (62.5, 125, 250 and 500 mg/kg/day) respec-
tively. The dosage pattern of 125, 250 and 500 mg/kg/day
was adopted from an earlier protocol [15]. Admittedly, we
did not perform any dose - response curve. The simvista-
tin group (Smv; n = 6) was fed with the standard diet
enriched with 1% cholesterol plus simvistatin drug (1.2
mg/kg/day, Merck, NJ) [16]. The experiment was contin-
ued till 10 weeks. At the end of 10 weeks, the animals
were fasted overnight and sacrificed by intravenous injec-
tion of pentobarbital (Nembutal, Abbott Laboratories,
North Chicago, IL, 50 mg/kg body weight) and the aortic
tissue was collected for histological studies.

P.s extract preparation
The leaves of P.s were extracted by aqueous method by
Furley Marketing Sdn,Bhd, Malaysia. The water extract
sample was then sent to the laboratory of Faculty of Phar-
macy, where the freeze dried powdered extract was pre-
pared and the powder extract was stored in dark bottles
and kept in 4°C until used. The powder was mixed with 5
ml of water to dissolve it and then administered to the
rabbits.

High cholesterol diet
Analytical pure cholesterol powder (Sigma Chemical Co.,
St. Louis, USA) was mixed with the rabbit chow pellet
(1% cholesterol, w/w, in food pellet). For each 200 g of
grounded rabbit chow pellet, 2 g of cholesterol was added
and mixed with a 34 ml of chloroform where cholesterol
was dissolved in 99.9% chloroform and then mixed with
grounded rabbit chow pellet. Chloroform was evaporated
by exposing the diets as a thin layer at 50°C in oven [17].

Quantification of aortic atherosclerosis
After sacrificing the rabbits, the abdominal aorta was
removed and then dissected longitudinally and the aorta
was cut and stained with Sudan IV to evaluate the intimal
lipid lesion, quantitatively. This quantitative measure-
ment was performed by calculating the percentage of ath-
erosclerotic lesions. The aortic tissue was fixed in 10%
buffered formalin for one day, then the aorta was stained
with Sudan IV for 15 minutes, followed by 2 minutes in
70% methanol alcohol and then washed with water for
one hour. The result was measured as percentage of the
lesion area using Video Test T-Morphology 5.1 software
with camera (Pixlink).

Another part of the aorta was used for H&E staining. It
was fixed in 10% phosphate buffered formalin and then
embedded in paraffin. From each sample, serial sections
were make (3-5 sections/aorta) by using microtome
(Leica RM2135). The thickening of intima and media
were measured and the ratio between tunica intima and
tunica media were calculated. The 100-fold-magnifica-
tion optical microscopic images were obtained using-Pix-
elink color camera (USA) with a computerized image
analysis system Video Test T-Morphology 5.1 software
with light microscope (Leica DM RXA2; German).

Transmission electron microscopy
The aorta was fixed with 1% osmium tetroxide for 60
minutes, dehydrated in an ethanol series diluted and
embedded in standard epoxy. After polymerization, the
specimens were sectioned. The section was stained with
lead citrate and uranyl acetate and examined under elec-
tron microscope (Tecnai G2, FEI Company) at an acceler-
ating voltage of 100 kV.
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Statistical analysis
Statistical analysis was carried out using the SPSS statisti-
cal package version 12(SPSS Inc. USA). Normal distribu-
tion of all variables was examined by Kolmogrov-Smirnov
test. The results showed that all variables were normally
distributed. All data was analyzed using ANOVA test.

Results
Histological analysis with Sudan IV stain
In the C group which was devoid of cholesterol diet, no
atherosclerotic lesion was observed. The atherosclerotic
lesions in CH group was significantly increased (85.5 ±
4.0%) compared to the C group (p < 0.05) due to cumula-
tive exposure of the aortic walls to cholesterol (Fig. 1). As
a result of treatment with P.s in W1 group, the atheroscle-
rotic lesion reduced (65.0 ± 7.0) but it was not significant
compared to the CH group. The changes in the athero-
sclerotic lesion was significant in W4 group (29.0 ± 6.0, p
≤ 0.05), compared to the CH group. The treatment in
Smv group also showed significant reduction in athero-
sclerotic lesion area (27.0 ± 2.6) (Table 1).

Histological analysis with Haematoxylin & Eosin stain
Histological examination showed thickening of tunica
intima: tunica media of the abdominal aorta in the six
groups of rabbits that received 1% cholesterol daily (Fig.
2). Three to four cross sections of the aorta were used
from each rabbit and the average were taken. In CH
group there was significant increased in the ratio (1.7 ±
1.1) compared to the C group. In group W1 & W2 there
was less thickening of tunica intima compared to CH

group but in the W3, W4 & Smv groups, there was signif-
icant reduction of the tunica intima layer. The ratio of
tunica intima: tunica media also changed significantly (p
< 0.05) (Table 1).

Histological analysis under Transmission electron 
microscopy
In transmission electronic microscopy study, we selected
blindly the sample from each group for histological analy-
sis for control groups, no changes were observed in the
intima surface layer. In CH group, there were foam cells
in the intima layer. The tunica intima was thickened com-
pared to other groups that led to reduction of vascular
lumens. In treatment groups W3, W4 & Smv, there were
less foam cells and no fat cells were observed. There was
less tunica intima thickening (Fig. 3).

Discussion
Hypercholesterolemia is a major risk factor for coronary
heart disease, and the Framingham study had reported
that a 1% increase of plasma cholesterol level is equiva-
lent to a 2% elevation of coronary heart disease incidence
[18]. The present study showed that dietary treatment of
rabbits with high-cholesterol diets caused atherosclerotic
lesions in an animal model and these findings were in
accordance with earlier studies [19]. Feeding with excess
amount of cholesterol causes rapid hyperlipidemia and
atherosclerosis [20,21].

In the present study, we observed that the severity of
the atherosclerosis lesions in aorta was associated with
hypercholesterolemia which was in accordance with past
investigations [22]. The results of the present study also
showed that hypercholesterolemic diet produced tunica
intimal thickening that contained foam cells which was
even reported by past researchers [22]. Hypercholester-
olemia is also one of the important factors that causes
endothelial dysfunction in human arteries [23]. Ather-
omatous lesions develop in the subendothelial space due
to the accumulation of cholesterol ester in forming foam
cells. The mechanism of foam cell formation was unclear
because macrophages have few LDL receptors but there
is much evidence that oxidized LDL is responsible for
cholesterol loading of macrophages foam cell formation
and atherosclerosis.

P.s is a herb which is known to possess anti-inflamma-
tion and antioxidant properties. The active extract of P.
sarmentosum contains natural antioxidants like Narin-
genin (75.7%), Hesperitin (91.7%), Taxifolin/Dihydro-
quercitin (90.9%) and Quercetin (98.1%) which have high
superoxide scavenging action [8]. Histological results
indicate that P.s significantly reduced atherosclerotic
lesions in abdominal aorta of the P.s treated group com-
pared to the high-cholesterol groups. Inflammation plays
an important role in the development of atherosclerosis,

Figure 1 Photograph of intimal surface of aorta by Sudan IV. A) 
control group, there was no visible lesions (B) Atherogenic group, 
showed stainable lipid deposit covered most of the intimal surface, (C) 
W4 and Smv groups showed less lipid deposit (D). W1, W2 & W3 
groups, showed there were more lesions as compared to W4; Note: 
marked red colour stain denotes lipid deposits.
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hence, significant reduction in inflammatory lesion may
be due to anti-inflammatory action of P.s.

The present study demonstrated that P.s possessed
antiatherogenic activity. Supplementation of P.s reduces
the thickening of the tunica intima layer and decreased
the atherosclerotic lesion. The reduction in the tunica
intima thickening due to supplementation with P.s was
not clearly understood. The protective activity of P.s on
atherosclerotic lesion may be attributed to its antioxidant

action because it reduces the production of free radicals,
decreasing the oxidized LDL and alleviating the subse-
quent damage to the heart tissue [24]. The effect may also
be due to active compound like naringenin which has
antiatherogenic effect [25].

The oxidative modification of LDL plays an important
role in the development of atherosclerosis [26,27]. There
are many antioxidant components in P.s like flavonoids
which have potent action in protecting LDL from oxida-

Table 1: Effect of P.s on the atherosclerotic lesion by Sudan IV and intimal ratio

Group C CH W1 W2 W3 W4 smv

Sudan IV % 0 ± 0 85.5 ± 4.0 65.0 ± 7.0 85.0 ± 7.0 63.5 ± 12.0 29.0 ± 6.0* 27.0 ± 2.6*

Intima 
ratio

0 ± 0 1.7 ± 1.1 0.9 ± 0.6 1.5 ± 0.9 0.7 ± 0.3 0.4 ± 0.5* 0.1 ± 0.2*

All values mean ± SD
*P ≤ 0.05 by Kruskal-Wallis test as compared to CH group

Figure 2 Atherosclerotic morphology changes in rabbit abdominal aorta. (A) C group (B) CH group the foam-cell reduced the lumen due to in-
filtration of the intima by foam cells (C) Smv group  (D) W4 group the foam cell layer and thickening of intima less reduction of the vascular lumen, IE; 
internal elastic lamina. Fo; foam cell, M; Media, I; intima. Orginal magnification ×100.
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tion. The antioxidant activity of P.s extract was found to
have scavenger free radical activity 70.6% [8]. Other stud-

ies have also shown that consumption of flavonoid anti-
oxidant is inversely related to the risk of developing
coronary heart disease [28]. Past research reports showed
a link between flavonoid and atherosclerosis because of
the antioxidant activities of phynolic compounds like fla-
vonoid which inhibits the aggregation and adhesion of
platelets in the blood [25]. It has been also shown that fla-
vonoids reduce LDL oxidation, which is an important
step in atherogenesis [29].

The present results in experiment rabbits, although not
directly applicable to human, suggest that P.s may be
effective as an anti-atherosclerotic agent. We observed
foam cells under both light and transmission electron
microscope in cholesterol group that caused reduction to
the lumen surface. which was similar to results reported
in past studies [30]. The protective effect of flavonoids
against chronic diseases have been attributed to their free
radical-scavenging property. Interestingly, in the case of
CVD, flavonoids have been shown to reduce low density
lipoprotein (LDL) oxidation which is an important step in
the pathogenesis of atherogenesis [29].

Conclusion
The results of the present study demonstrated that aque-
ous extract of P.s reduced atherosclerotic lesion in the
aorta of hypercholesterolemic rabbit. Thus, P.s may be
used effectively as an anti-cholesterolemic agent in the
development of atheromatous lesions. Further studies
may be needed to corroborate such facts.
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Figure 3 Transmission electron photograph from a lesion in the 
luminal abdominal aorta: (a) In control group there was no intimal 
thickening(IE) (Bar = 5000 nm), (B) CH group rabbit, there is marked ir-
regularity of the surface caused by the presence of cells containing 
many (L) lipid filled vacuoles,(Mc) monoclonal cells were also seen on 
the endothelial surface, (Bar = 2000 nm) (c) treatment with P.s, there 
was less intimal thickening and only one cell containing lipid com-
pared to CH group (Bar = 5000 nm).
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