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ABSTRACT

Previous research has shown the beneficial effects of aqueous extract of Piper sarmentosum
(P.s) on atherosclerosis. The first stage in atherosclerosis is the formation of foam cell. The
aim of this study was to investigate the effect of the methanol extract of P.s on fatty streaks
by calculating neointimal foam cell infiltration in rabbits fed with high cholesterol diet. Thirty
six male New Zealand white rabbits were divided equally into six groups: (i) C: control group
fed normal rabbit chow; (ii) CH: cholesterol diet (1 % cholesterol); (iii) PM1: 1 % cholesterol
with methanol extract of P.s (62.5 mg/kg); (iv) PM2: 1 % cholesterol with methanol extract of
P.s (125 mg/kg); (v) PM3: 1% cholesterol with methanol extract of P.s (250 mg/kg);
(vi) SMV group fed 1 % cholesterol supplemented with Simvistatin drug (1.2 mg/kg). All an-
imals were treated for 10 weeks. At the end of the treatment, the rabbits were fasted and sacri-
ficed and the aortic tissues were collected for histological studies to measure the area of the
neointimal foam cell infiltration using software. The thickening of intima ratio of atheroscle-
rosis and morphological changes by scanning electron microscope were measured. The results
showed that the atherosclerotic group had significantly bigger area of fatty streak compared to
the control group. The area of fatty streak in the abdominal aorta was significantly reduced in
the treatment groups which were similar with the SMV group. Similarly, there was a reduc-
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tion in the number of foam cell in the treatment groups compared to the atherosclerotic group
as seen under scanning microscope. In conclusion, histological study demonstrated that the
methanol extract of the P.s could reduce the neointimal foam cell infiltration in the lumen of

the aorta and the atherosclerotic lesion.

Keywords: Piper sarmentosum, extract, atherosclerosis, Simvistatin, histology, aorta

Abbreviations: Piper sarmentosum - P.s; control — C, atherogenic rabbits group — CH,
PML1 - dose 62.5; PM2 - dose 125mg/kg; PM3 - dose 250 mg/kg; Simvastatin -SMV

INTRODUCTION

Hypercholesterolaemia is associated
with an increased risk of various disorders,
such as coronary heart disease and stroke
(Hornstra, 1988). These disorders are
caused due to the narrowing of the blood
vessels and then filled with fatty deposits,
thereby leading to reduction in the blood
flow to the organs. Coronary artery disease
(CAD) is highly prevalent and one of the
most important causes of morbidity and
mortality in various parts of the world. Ath-
erosclerosis is considered to be a chronic
inflammatory disease of the arterial wall
(Van der Wal et al., 1994; Moreno and Fal-
lon, 1997; Ross, 1999). Artherosclerosis is
caused by hardening and narrowing of the
arteries (Sundram et al., 1995). There are
many factors that facilitate development of
the disorders of hypercholesterolaemia such
as smoking, stress, diabetes and heredity
(Osmund, 2001). The mechanisms that may
be involved in the development of athero-
sclerosis are oxidation of low-density lipo-
protein-cholesterol  (LDL-C), abnormal
platelet aggregation, and inflammation (Ol-
szanecki et al., 2005).

Histological study of the atherosclerotic
plaques reveals the presence of progressive
infiltration and accumulation of lipids, in-
flammatory cells, smooth muscle cells, and
an extracellular matrix in the arterial wall
(Breslow, 1997; Braunwald, 1997). The
earliest detectable change in the early phas-
es of atherosclerosis is the accumulation of
LDL particles in the subintimal space
(Sanchez-Recalde and Kaski, 2001). The
LDL undergoes an oxidation process that
activates the endothelium, this will lead to

development of atherosclerotic
(Klatt and Esterbauer, 1996).
Piper sarmentosum (P.s) is an herb
which belongs to the family Piperaceae. It
contains flavonoid compounds which have
been reported to possess high antioxidative,
free radical scavenging abilities and anti-
inflammatory effect (Kannel et al., 1961).
The active extract P.s contains natural anti-
oxidants like rutin, vitexin, naringenin, hes-
peritin, taxifolin/dihydroquercitin and quer-
cetin which have high superoxide scaveng-
ing action (Vimala et al., 2003; Ugusman et
al., 2011). P.s has been used traditionally
used to cure many diseases (Vimala et al.,
2003). Phytochemically, the plant contains
constituents like alkaloids (amide, flavo-
noids, pyrones) (Tutiwachwuttikul et al.,
2006) and it has also been reported to pos-
sess pharmacological properties such as an-
tituberculosis (Hussain et al., 2008a) anti-
cancer (Shahrul Hisham et al., 2009), anti-
angiogenic (Hussain et al., 2008b), anti-
diabetic (Penchom et al., 1998), neuromus-
cular blocker (Ridtitid et al., 1998) antima-
larial and antioxidant (Najib Nik et al.,
1999), and antiamoebic (Sawangjaroen et
al., 2004). Previous research studies showed
that the aqueous extract of P.s improved
endothelial function by promoting nitric
oxide (NO) production in Human Umbilical
Vein Endothelial Cells (HUVECs) (Ugus-
man et al., 2010). P.s also reduced athero-
sclerosis lesion and inflammatory marker’s
like ICAM-1,VCAM-1 and C-RP (Amran
et al., 2011). The present study was con-
ducted to determine the effect of methanol
extract of P.s leaves on neointimal foam
cell infiltration in rabbits fed with high cho-
lesterol diet, and the morphological changes

plaque
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in the abdominal aorta were observed under
scanning electron microscopy.

MATERIALS AND METHODS

Animals and experimental protocol

Prior ethical approval was obtained
from the Animal Ethics Committee, Uni-
versiti Kebangsaan Malaysia. Thirty six
New Zealand white male rabbits with body
weight of 1.8+2 kg were obtained from East
Asia Rabbit Corporation Sdn. Bhd. Malay-
sia. The animals were housed separately in
cages in an air-conditioned room with a
12 h light/dark cycle. All animals were
housed individually with free access to wa-
ter. The rabbits were divided randomly into
six groups; control group (C; n=6) rabbits
was fed the standard diet, atherogenic rab-
bits group (CH; n=6) was fed the standard
diet enriched with 1% cholesterol, treat-
ment groups (PM1; n=6, PM2; n=6 and
PM3; n=6), were fed with standard diet en-
riched with 1 % cholesterol plus different
doses of methanol extract of P.s (62.5, 125
and 250 mg/kg/day) respectively. The
Simvistatin group (Smv; n=6) was fed with
the standard diet enriched with 1 % choles-
terol plus Simvistatin drug (1.2 mg/kg/day,
Merck, NJ) (Tsung-Ming et al., 2005). The
experiment was continued for 10 weeks. At
the end of 10 weeks, the animals were fast-
ed overnight and sacrificed by intravenous
injection of pentobarbital (Nembutal, Ab-
bott Laboratories, North Chicago, IL, 50
mg/kg body weight) and the abdominal aor-
tic tissues were harvested for histological
analysis.

High cholesterol diet

Analytical pure cholesterol powder
(Sigma Chemical Co., St. Louis, USA) was
mixed with the rabbit chow pellet (1 % cho-
lesterol, 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
(Campbell et al., 2001).

Plant material and extraction

The leaves of P.s were purchased from
Ethano Resources Company and the leaves
were identified by Forest Research Institute
of Malaysia (FRIM). The leaves were cut to
small sizes and then dried. We proceeded
with the grinding the 300 g of leaves and
powder was extracted with 2.5 L methanol
(MeoH) using Soxhlet extractor. The ex-
tract was filtered and evaporated by using a
rotator evaporator to give 80 g of methanol-
ic crude extract. The crude extract was
sticky and black which was kept in dark
bottle in 4 °C, until used. The crude extract
was used in different doses of 62.5, 125 and
250 mg/kg and was then mixed with 5 ml of
distilled water, and administered orally to
the different groups (n=6/ group/extract) of
rabbits.

Analysis of fatty streaks

Following the sacrifice of the rabbits,
the abdominal aorta was removed and the
aorta was cut and stained with Haemotoxy-
lin and Eosin (H & E). It was fixed in 10 %
phosphate buffered formalin and then em-
bedded in paraffin. From each sample, seri-
al sections were made (3-5 sections/aorta)
by using microtome (Leica RM2135). The
procedure was based on the method by
Seong et al. (2001), the area of neointimal
foam-cell infiltration was calculated where
20-fold magnification optical microscopic
images were obtained using Pixelink color
camera (USA). The lumen aortic surface
was traced from the images using a com-
puterized image analysis system Video Test
T-Morphology 5.1 software with light mi-
croscope (Leica DM RXAZ2; German), and
the area of the lumen was calculated. The
internal elastic lamina was traced and its
area was calculated. The neointimal foam-
cell infiltration area was calculated by sub-
tracting the area of the lumen from that of
the internal elastic lamina (Figure 1).
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Figure 1: Calculation of the neointimal foam-cell infiltration area using Video Test T-Morphology 5.1
software with camera; black circle indicates the internal elastic lamina was traced from the images and
its area calculated. Yellow circle indicates the area of the aortic luminal surface and lumen area calcu-
lated. The area of the neointimal foam-cell was calculated by subtracting the area of the lumen from

the internal elastic lamina. x25

Determination of the thickening of intima
and media

The thickening of intima and media
were measured and the ratio taken between
intima tunica and media tunica were calcu-
lated as follows: 100-fold magnification
optical microscopic images were obtained
using Pixelink color camera (USA) using a
computerized image analysis system Video
Test T-Morphology 5.1 software with light
microscope (leica DM RXA2; German).

Scanning electron microscopy

The descending aorta was removed in-
tact from each animal and re-immersed in
fixative solution for a further 6 hours at
4°C. One centimeter long, from the aorta
was prepared for examination by scanning
electron microscopy (SEM). Samples for
SEM was post fixed in 1 % aqueous Osmi-
um tetroxide (OsO,) for 1 hour at 4 °C and
dehydrated through a graded series of etha-
nol. Samples for SEM were critical-point

dried from CO,, sputter-coated with gold,
and examined under electron microscope
(Tecnai G2, FEI Company) at an accelerat-
ing voltage of 100 kV.

Statistical analysis

Statistical analysis was carried out using
the SPSS statistical package version 18
(SPSS Inc. USA). Distribution of data was
examined by Kolmogrov-Smirnov test and
found to be normal. ANOVA test was used
to compare between the groups.

RESULTS

Table 1 shows the effect of P.s on fatty
streak in rabbits fed with 1% cholesterol
diet. The area of the fatty streak in the ab-
dominal aorta was significantly reduced by
both Simvistatin and treatment with P.s.
The area of fatty streak was significantly
increased in CH group compared to the
control group. Among the treatment groups
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PM1, PM2 and PM3 there was a significant
reduction in the area of the streak.
Histological examination showed thick-

Under the scanning electron microscopy
study, no foam cell could be observed in the
control group. In the CH group, many foam

cells were observed covering all the intima
layer. However, in PM3 there was signifi-
cant reduction in the number of foam cells
compared to the CH group similarly SMV
group (Figure 2).

ening of tunica intima: tunica media and the
foam cell layer of the abdominal aorta in
the groups of rabbits that received 1 % cho-
lesterol daily compared to the control
group. In the treatment group, there was
significant reduction in the thickening of
the intima and foam cell compared to the
CH group P<0.01 (Table 1).

Table 1: Effect of Piper sarmentosum on fatty streak in groups fed with 1 % cholesterol diet

Group Control CH PM1 PM2 PM3 SMV
Neointimal 0+0 2.8+1.27* 2+0.497 0.41+0.11* 0.82+0.13* 0.03+0.05"
area

Intima ratio 0.0+0 1.7+1.1 0.39+0.29"  0.23+0.11"  0.56+0.19" 0.08+0.19

All values mean + SD; *P<0.01 compared to control group; *P<0.01 compared to CH group

K 2 Epiet toion
20 o :';:b'% 9] Eil)@&

Figure 2: Scanning electron micrograph from a lesion in the luminal abdominal aorta (a) control group
showed no lipid or foam cell appearance, (b) hypercholestrolaemic rabbit, there is marked irregularity
of the surface caused by accumulation of numerous foam cells covering all the intimal endothelium
surface. Adhering leukocytes have tail-like protrusions and appear to be spreading over or migrating to
the aortic intima and (c) treatment with P.s, there is less accumulation of adherent leukocytes on the
surface (Bar = 20 ym).
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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
equivalent to a 2% increase in the inci-
dence of coronary heart disease (Kannel et
al., 1961). The present study showed that
dietary treatment of rabbits with high-
cholesterol diets caused atherosclerotic le-
sions in rabbit model and these findings
were in accordance with earlier studies (Yi
et al., 2000; Yamakoshi at al., 2000; Amran
et al., 2010). In the present study, it was
observed that the severity of the atheroscle-
rosis in aorta was associated with hypercho-
lesterolemia which was in accordance with
past investigations.

It has been shown that high cholesterol
diet produced tunica intimal thickening that
contained foam cell (Prasad et al., 1994).
Hypercholesterolemia is also one of the im-
portant factors that cause endothelial dys-
function in human arteries (Minor et al.,
1990). Atheromatous lesions develop in the
subendothelial space due to the accumula-
tion of cholesterol ester which form the
foam cells. The mechanism of foam cell
formation still remains unclear because
macrophages have few LDL receptors but
there is much evidence to show that oxi-
dized LDL is responsible for cholesterol
loading of macrophages foam cell for-
mation and atherosclerosis.

Histological analysis in the present
study demonstrated that methanol extract of
P.s could reduce the neointimal foam-cell
infiltration in the lumen aorta. Inflammation
plays an important role in the development
of atherosclerosis. Hence, significant reduc-
tion in the inflammatory lesion may be due
to anti-inflammatory action of P.s. This
study demonstrated that P.s possessed anti-
atherogenic activity since the supplementa-
tion of P.s reduces the foam cell number
and the thickening of the tunica intima lay-
er. The reduction in the tunica intima thick-
ening due to supplementation with P.s was
not clearly understood. The protective ac-
tivity of P.s on atherosclerotic lesion may

be attributed to its antioxidant action be-
cause it reduces the production of free radi-
cals, decreasing the oxidized LDL and alle-
viating the subsequent damage to the heart
tissue (Zhang et al., 2001). The effect is
probably due to its active compound such
as naringenin which has antiatherogenic
effect. Naringenin inhibition of VACM-1
and MCP-1 expressions, followed by the
prevention of monocyte adhesion and mac-
rophage infiltration in aortic endothelium. It
was reported that naringenin significantly
inhibited aortic fatty streak formation in
rabbits on high cholesterol diets (Chul-Ho
etal., 2001; Seong et al., 2001).

Atherosclerosis, which is a chronic in-
flammatory disease of arteries, is character-
ized by a thickening of the vascular wall
and an infiltration of macrophages and
lymphocytes. In animals with diet-induced
or genetically determined hyperlipidemia,
the earliest morphological changes in arter-
ies include focal adherence of mononuclear
leukocytes to the endothelium and accumu-
lation of monocyte-derived foam cells in
the intima (Klurfeld, 1985; Rogers et al.,
1986). Our previous results have shown that
the supplementation of water extract of P.s
markedly reduced atherosclerosis lesion
(Amran et al.,, 2010). The present study
showed that methanol extract of P.s also
reduced atherosclerotic lesion by the reduc-
ing the fatty streaks.

The oxidative modification of LDL
plays an important role in the development
of atherosclerosis (Steinberg et al., 1989;
Jialal and Devaraj, 1996). There are many
antioxidant components in P.s such as rutin,
vitexin, naringenin and quercetin which
have potent action in protecting LDL from
oxidation. The antioxidant activity of P.s
extract was found to possess high scavenger
free radical activity 98 % for the aqueous
extract and 78 % for the methanol extract.
Other studies have also shown that con-
sumption of flavonoid antioxidant is in-
versely related to the risk of developing
coronary heart disease (Hertog et al., 1993).
Past research reports showed a link between
flavonoid and atherosclerosis due to the an-
tioxidant activities of flavonoid which in-

279



EXCLI Journal 2012;11:274-283 — ISSN 1611-2156

Received: March 28, 2012, accepted: June 12, 2012, published: June 15, 2012

hibits the aggregation and adhesion of
platelets in the blood (Seong et al., 2001). It
has also been shown that flavonoids reduce
LDL oxidation, which is an important step
in atherogenesis (De Whalley et al., 1990).
The present results in experiments with
rabbits, although not directly applicable to
human, suggest that P.s is effective as an
anti-atherosclerotic agent. Foam cells ob-
served under both light and transmission
electron microscope in cholesterol group
(CH) caused reduction of the lumen surface
similar to the results of past studies (Salazar
et al., 2007). The protective effect of flavo-
noids 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 (De Whalley et al., 1990).
The accumulation of foam cells in the vas-
cular wall is one of the characteristic fea-
tures of atherosclerotic lesions. Studies in
experimental animals and humans have in-
dicated that most of the foam cells, espe-
cially in early atherosclerotic lesions, are
monocyte-derived macrophages (Watanabe
et al., 1985). Under scanning electron mi-
crograph in CH group the adhering leuko-
cytes have tail-like protrusions and appear
to be spreading over or migrating to the aor-
tic intima which was shown in another re-
port (Haraoka et al., 1995). Increased fatty
streak lesion formation with increasing du-
ration of cholesterol diet was reported by
Walker et al. (1986). Increased accumula-
tion of leukocytes has been described as
early response to hyperlipidemia (Gerrity,
1981; Faggiotto et al., 1984). However, in
treatment groups with P.s there was less
accumulation of adherent leukocytes on the
surface compared to the hypercholester-
olemic rabbits. The appearance of adherent
leukocytes may play a role in initiating the
development of the fatty intimal lesion and
this has been shown in previous studies
(Walker et al., 1986). Several pathways
could be suggested where by these cells
participate. Study by Bevilacqua (1985),
shows that interleukin-1 strongly promotes

leukocyte adherence to endothelium. The
accumulation of leukocyte may be due to
expression of endothelial leukocyte adhe-
sion molecules (Gimbrone and Bevilacqua,
1988).

CONCLUSION

In conclusion histological study demon-
strated that the methanol extract of P.s
could reduce the neointimal foam cell infil-
tration in the lumen aorta and atherosclerot-
ic lesion in rabbits high cholesterol diet.
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