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1. Introduction

High cholesterol diet is regarded as a crucial factor in
the development of hypercholesterolemia, atherosclerosis
and ischemic heart disease. Cardiovascular disease is the
primary cause of mortality in the United States, Europe
and most parts of Asialll. In hypercholesterolemia, the
cholesterol content was elevated in serum as well as in
erythrocytes, platelets and endothelial cells. This increased
cholesterol is reported to activate these cells and cause
the enhanced production of oxygen free radicalsl23l. The
elevation of serum total cholesterol and low—density
lipoprotein (LDL) cholesterol as well as alteration of other
lipid parameters has been implicated as a primary risk
factor for cardiovascular diseasel4-6l.
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Raised serum lipid levels, particularly of cholesterol along
with generation of reactive oxygen species (ROS) play a
key role in the development of coronary artery disease
and atherosclerosis(7l. The body has evolved a complex
defense strategy to minimize the damaging effects of
various oxidants, central to this defense are the antioxidant
enzymes. They include superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT) which act
in concert to protect the organism from oxidative damagels.

Varieties of plants have been used traditionally in the
treatment of various cardiovascular diseases. A number of
plants with potent therapeutic components such as fibers,
phytosterols, saponins, polyphenols, flavanoids, etc., have
been investigated for their antihyperlipidemic, antioxidant
and anti atherosclerotic properties|9l.

Bacopa monniera (Linn) wettst. (Syn. Herpestis monniera
(Linn.H.B) (B. monniera) is a small creeping herb known
as Brahmi in Ayurvedic medicine and is widely used in
India, especially for enhancing memory, analgesia (pain
relief), and epilepsyl10l. B. monniera has traditionally
been used to treat asthma, hoarseness, mental disorders,
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improve mental performance, nervine tonic, cardiotonic and
diuretic (increases urine flow)11]. Preclinical and clinical
studies have shown that B. monniera improves memory and
mental functionl12l. The plant has been shown to possess a
potent free radical scavenging and antioxidant properties13].
Besides it also exhibits cardio—protectivell4l. vasodilatory [15],
anti—inflammatoryl(16], calcium antagonisticl17], mast cell
stabilizing|18], antiulceri19] and anti—addictivel20] properties.

B. monniera has been reported to contain triterpenoid
saponins, alkaloids and flavonoids(21.22]. Despite the
availability of literature on the medicinal properties of B.
monniera and its chemical constituents, no report exits
on its hypocholesterolmic properties. We therefore have
attempted to investigate the effect of B. monniera on diet
induced hypercholesterolemia in rats by monitoring lipid
and lipoprotein status, antioxidant status, cardiac marker
enzyme and histological changes of aorta.

2. Materials and methods
2.1. Collection of plant material and extraction procedure

The plant material was collected at Chennai, Tamil Nadu
and was authenticated by Dr.P.Brindha, Botanist, Captain
Srinivasa Murthi Drug Research Institute for Ayurveda,
Arumbakkam, Chennai, India. The shade—dried and coarsely
powdered whole plant material (1kg) was extracted with
90% ethanol in the cold (48 h). The extract was filtered and
distilled on a water bath to get a dark green syrupy mass.
It was finally dried in vacuo (52 g). The alcoholic extract of
B. monniera (AEBM) was dissolved in water and given orally
as a suspension.

2.2. Experimental animals

Healthy male albino rats of Wistar strain weighing (200+
250) g were used for the present study. The animals were
purchased from Central Animal House Block, Dr. ALM PG
IBMS, University Of Madras, Taramani Campus, Chennai—
113. The animals were housed in large spacious cages.
Food and water were given ad libitum. The animal house
was ventilated with a 12 h light/dark cycle, throughout
the experimental period. Rats were allowed to adapt to
their environment condition for at least 10 days before
the initiation of experiment. All experiment and protocols
described in this study were approved by the Institutional
Animal Ethics Committee (TAEC No: 01/09/10) of Dr.ALM
PGIBMS, University of Madras, Taramani Campus, Chennai—
113.

The rats were randomly divided into four groups of six rats
each.

Group I Control rats fed with normal diet.

Group 11 Rats fed with hypercholesterolemic diet (HCD) for
45 days [rat chow supplemented with 4% cholesterol (w/w)
and 1% cholic acid (w/w)].

Group IIT Rats fed with HCD for 45 days23] + administrated
with AEBM (40mg/kg, body weight/day orally) for last 30
days.

Group IV Rats fed with normal diet for 45 days + administrated
with AEBM (40 mg/kg, body weight/day orally)20] for last 30
days.
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At the end of the experimental period (45 days), the
animals were fasted overnight and sacrificed by cervical
decapitation. The aorta and liver tissues were excised
immediately, washed with ice—cold saline and then
dried with filter paper. A 10% homogenate of liver were
prepared by using 0.1M Tris HCI buffer pH 7.4. The slice
of aorta tissue was fixed with 10% formalin amd stained
with Haematoxylin and eosin stain for histopathological
studies. Blood was collected in two different tubes, i.e., one
with anticoagulant—-EDTA for the separation of plasma and
another without anticoagulant for the serum. The above
samples were used for biochemical analysis.

2.3. Chemicals

Lipid profile kit purchased from Spin React (Spain). Nitro
Blue Tetrazolium (NBT), L— a —phosphatidyl choline was
obtained from Sigma chemicals (St. Louis, USA). Hydrogen
peroxide (H202), Chromatrophic acid, 5,5" Dithiobis—(2—
nitrobenzoic acid) (DTNB), Sodium dodecyl sulphate (SDS),
Ethylene—diaminetetra acetic acid (EDTA), dextran sulphate,
Trichloro acetic acid (TCA) and Formalin were obtained
from SRL, Mumbai, India. Folin Ciocalteau reagent,
Thiobarbituric acid (TBA) Sialic acid was obtained from
CDH, New Delhi, India.

2.4. Biochemical analysis

Plasma total cholesterol (TC), triglyceride (TG),
phospholipids (PL), LDL-C, VLDL-C and HDL-C levels were
measured using commercial kits from Spin react (Girona,
Spain) according to the manufacturer’s specifications.
LDL/HDL ratio, TC/HDL ratio, and atherogenic index (Al)
were calculated by the methodi24l. Activity staining of SOD
8% and CAT 5% on gel were performed by using a native
gel activity stainl25l. The antioxidant enzyme viz., GPx [26],
GRI271 and GSTI28] were estimated according to the reported
methods. The GSH content in liver were measured by the
method(291. The lipid peroxidation product (LPO) in liver was
measured by the method [301. Serum cardiac marker enzymes
Viz., SGOT311, LDH321 and CPKI33] were also evaluated
according to the reported method. Protein was estimated by
the method [341.

2.5. Histopathological studies

A midline thoracotomy was performed and the portion of
thoracic aorta was quickly removed with heart from control
and experimental animal and were fixed in 10% formalin,
then dehydrated in the descending grades of isoproponol
and xylene. The aorta was then embedded in molten paraffin
wax and sectioned at 5 ¢ m thickness and were stained
with hematoxylin and eosin (H&E), viewed under light
microscope for histological changes.

2.6. Statistical analysis

The values were expressed as mean = SD (n=6) for six
animals in each group. Differences between each group were
assessed by one way analysis of variance (ANOVA) using
SPSS 17 version and least significant difference (LSD) was
determined using Post hoc test at the level of P<0.05.
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3. Results
3.1. Effect of AEBM on plasma lipid status

The levels of plasma total cholesterol (TC), triglyceride
(TG) and Phospholipids (PL) were given in Figure 1. The
levels of plasma TC, TG, PL were significantly (P<0.01)
increased in HCD induced rats when compared to normal
rats. Treatment with AEBM significantly reverted the HCD
induced alterations in the levels of plasma TC, TG (P<0.01)
and PL (P<0.05) when compared to HCD group.
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Figure 1. Effect of AEBM on plasma lipid status (TC, TG, PL) in
control and experimental rats.

Values were expressed as mean + S.D for 6 rats in each group.
*P<0.05 compared with control, **P<0.01 compared with control.
#P<0.05 compared with HCD, ##P<0.01 compared with HCD

3.2. Effect of AEBM on the level of plasma lipoproteins and

ratios

Table 1 shows the effect of AEBM on the levels of plasma
lipoproteins (HDL, LDL, VLDL) and the ratio of LDL/HDL,
TC/HDL and atherogenic index of control and experimental
rats. A significant (P<0.01) increase in the levels of LDL,
VLDL, LDL/HDL ratio, TC/HDL ratio and atherogenic index
with a significant decrease (P<0.01) in the level of HDL were
observed in HCD induced rats when compared to control

rats. Treatment with AEBM, reverted back all the changes
in terms of lipoprotein and its ratios to normal level when
compared to HCD induced rats.

3.3. Effect of AEBM on activity staining of hepatic SOD and
CAT

Figure 2 and 3 shows the activity staining of hepatic
superoxide dismutase (SOD) and catalase (CAT) in control
and experimental rats by Native—PAGE. A marked decrease
in the activity staining of the SOD and CAT, were observed
in HCD induced rats (lane 2) when compared to control
rats. AEBM treatment (lane 3) restores the HCD induced
alterations in the activity staining of the SOD and CAT to
near control. AEBM alone treated rats (lane 4) did not show
any changes in the activity staining of the SOD and CAT and
resembled very much similar to that of control rats (lane 1).
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Figure 2. Activity staining of hepatic SOD in control and experimental
rats by Native—PAGE.
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Figure 3. Activity staining of hepatic CAT in control and experimental
rats by Native-PAGE.

Table 1
Effect of AEBM on the level of plasma lipoproteins and ratios in control and experimental rats.
Group Plasma lipoproteins (mg/dL) Ratios

HDL LDL VLDL Atherogenic index LDL/HDL TC/HDL
Control 32.60+2.14 41.37£3.17 18.45+1.27 1.83+0.14 1.26+0.11 2.83+0.25
HCD 27.92+1.05" 105.744.117  21.46x1.50 © 455038 " 3.78+0.33 " 5.55+0.52 "
HCD+AEBM 30.05+1.82 * 54.05£2.19"  19.70£.92.00"  2.45+0.19 " 1.79+0.17 * 3.45:037"
AEBM 33.16+3.35 44.35+1.88 17.09+0.82 1.79+0.14 1.33+0.12 2.85+0.31

Values were expressed as mean + S.D. for 6 rats in each group, *P<0.05 compared with control, ¥*P<0.01 compared with control, #P<0.05

compared with HCD, ##P<0.01 compared with HCD.

Table 2

Effect of AEBM on the activities of liver antioxidant enzymes (GPx, GR, GST) in control and experimental rats.

Group GPx (U/mg protein') GR (U/mg protein’) GST (U/mg protein’)
Control 13.49+1.30 0.80+0.05 0.53+0.04

HCD 10.75£1.10 © 0.52+0.06 0.38+0.02 "
HCD+AEBM 12.12£1.16 * 0.68+0.10 * 0.45+0.03 *
AEBM 13.28+1.34 0.74+0.04 0.46+0.07

Values were expressed as mean + S.D for 6 rats in each group, ¥*P<0.01 compared with control, ##P<0.01 compared with HCD, 1 ¢t g of GSH
oxidized/min, 2 ¢+ mol NADPH oxidized/min, 3 nmol CDNB-GSH conjugate/min.
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3.4. Effect of AEBM on the activities of hepatic antioxidant

enzymes

Activities of liver antioxidant enzymes GPx, GR and GST
were shown in Table 2. The activities of these antioxidant
enzymes were found to be significantly (P<0.01) reduced
in HCD induced rats when compared to normal rats. In the
case of AEBM treated rats, there was a pronounced increase
(P<0.01) in the activities of these enzymes.

3.5. Effect of AEBM on the levels of hepatic LPO and GSH

content

Figure 4 and 5 portraits the levels of hepatic LPO and
GSH content in control and experimental rats. Significant
increase (P<0.01) in the level of LPO with the concomitant
decrease (P<0.01) in glutathione content were observed in
HCD induced groups when compared to the control rats.
Supplementation with AEBM caused significant (P<0.05)
restoration in the levels of glutathione content and LPO
products, when compared to HCD induced rats.
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Figure 4. Effect of AEBM on the levels of hepatic LPO in control and
experimental rats.

Values were expressed as mean £ S.D. for 6 rats in each group.
*#P<0.01 compared with control, ##P<0.01 compared with HCD
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Figure. 5. Effect of AEBM on the levels of hepatic GSH in control and
experimental rats.

Values were expressed as mean + S.D. for 6 rats in each group.
*#P<0.01 compared with control, ##P<0.01 compared with HCD

3.6. Effect of AEBM on the activity of serum cardiac markers
enzymes

The activity of serum cardiac marker enzymes where shown
in Figure 6. In HCD induced group there is a significant
increase (P<0.01) in the activity of serum cardiac marker
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enzymes SGOT, LDH and CPK when compared to control
group. Treatment with AEBM significantly lowered (P<0.01)
the activity of SGOT, LDH and CPK when compared to HCD
group (Figure 6). AEBM alone treated group doesn’t show
any significant change in lipid levels, antioxidant status and
marker enzyme when compared with control rats.
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Figure 6. Effect of AEBM on the activity of serum cardiac markers
enzymes (SGOT, LDH, CPK) of control and experimental rats.

Values were expressed as mean + S.D. for 6 rats in each group.
**P<0.01 compared with control, ##P<0.01 compared with HCD

3.7. Effect of AEBM on Histological changes

Figure 7A showed no pathological changes (normal intima)
in rats of control group (100X). Figure 7B rats fed with an
HCD developed typical plaques characterized by thickening
of the intima, migration of smooth muscle cells to the
intima (shown by arrow mark), adhesion and infiltration of
macrophages, appearance of foam cells and loss of normal
arrangement of elastic lamellae under the endothelium are
seen (100X). Figure 7C pathological changes of thoracic
aorta in HCD+AEBM groups were less visible than that in
HCD alone group, but shown less thickening of the intima
and foam cells count (100X). Figure 7D AEBM alone treated
rats showed normal intimal-medial thickening without
inflammatory cellular infiltration, and was similar with that
in control group (100X).

Figure 7. Effect of histopathological changes of aorta in control and
experimental rats.

Figure 7A showed no pathological changes (H&E) in rats of control
group (100X). Figure7B rats fed with an HCD, showed development
of typical plaque and appearance of foam cells and loss of normal
arrangement of elastic lamellae under the endothelium (100X). Figure
7C pathological changes of thoracic aorta of HCD+AEBM rats showed
mild intimal thickening (100X). Figure 7D AEBM alone treated rats
showed normal intimal-medial thickening and resembles control

group (100X).
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Figure 8. Hplc—chromatogram of B. monniera extract.

Fiugre 8 shows the overlaid chromatogram of B. monniera extract
by HPLC along with bacosides and other flavonoids (luteolin and
apigenin).

4. Discussion

Hypercholesterolemia and the resulting atherosclerosis
have been implicated in the pathophysiology of coronary
heart diseases and myocardial ischemia. Lowering
cholesterol level may decrease the risk of CVD, and
therefore enormous efforts have been extended to achieve
this aiml7l. The hypocholesterolemic activity of alcoholic
extract of B. monniera (AEBM) against hypercholesterolemia
was monitored on the Lipid profile status, antioxidant status,
activities of serum cardiac marker enzyme, level of LPO and
histological changes of aorta.

In this study the high cholesterol diet (HCD) is used
which consists of normal rat chow supplemented with 4%
cholesterol (w/w) and 1% cholic acid (w/w) because cholic
acid improves dietary absorption of cholesterol and hence
diet supplemented with both cholesterol and cholic acid has
been used in many experimental hypercholesterolemial23l.
The diet—induced hypercholesterolmia animal model has
long been used for the assessment of agents with beneficial
effects on cholesterol(3s1.

In the current study, the HCD fed rats showed increased
levels of plasma cholesterol (TC), triglycerides (TG) and
phospholipids (PL) levels compared to normal control rats.
Treatment with AEBM significantly decrease the levels of
plasma TC, TG, PL when compared to HCD induced rats.
Saponins are also reported to precipitate cholesterol from
micelles and interfere with enterohepatic circulation of
bile acids making it unavailable for intestinal absorption,
this forces liver to produce more bile from cholesterol
(plasma) and hence the reduction in plasma cholesterol
level. Saponins are also reported to lower triglycerides by
inhibiting pancreatic lipoprotein lipasel36l. Similarly in our
study also, the presence of both flavanoids and saponins in
AEBM [21.22] could have been contributed in reducing the
levels of lipid status (TC, TG, PL).

Elevated levels of plasma low density lipoprotein
cholesterol (LDL) and very low density lipoprotein
cholesterol (VLDL) are often accompanied by premature
atherosclerosis and other CVD. A low level of high—density
lipoprotein cholesterol (HDL) is also an important risk factor
for cardiovascular diseasel37l. The cardioprotective effects of
HDL have been attributed to its role in reverse cholesterol
transport, its effects on endothelial cells, and its antioxidant
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activity. Flavanoids can increase HDL-C and also decreases
oxidation of LDL—cholesterol38l. High cholesterol diet
increases plasma LDL levels and oxidative stress which
results in the production of increased oxidized LDL and
thereby increases atherosclerotic plaque formation(39l. From
the present study it is evident that HCD induced rats showed
increased plasma LDL and VLDL levels with the concomitant
reduction in plasma HDL level, when compared to normal
rats. Supplementation with AEBM reduced the plasma
LDL and VLDL levels and increased the plasma HDL level
which could be due to reduction in plasma total cholesterol
and increasing LDL receptor activity by the flavanoids and
phytosterol present in the plant extract. Also it could be
presumed that the reduction of total cholesterol by AEBM
could have been associated with a reduction of its LDL
fraction, which is the target of several hypolipidemic drugs.

LDL/HDL and TC/HDL ratio had direct correlation with the
cardiovascular disease (CVD) risk. An increase in the LDL/
HDL and TC/HDL ratio is directly proportional to increased
risk of CVD. From our study, we observed that, the HCD
fed rats showed increased levels of Atherogenic index (Al),
LDL/HDL and TC/HDL ratio compared to normal control
rats. Supplementation with AEBM markedly decreases the
Atherogenic index (AI), LDI/HDL and TC/HDL ratio due to
its action on reducing the plasma total cholesterol level.

Oxidative stress is believed to contribute to the
pathogenesis of hypercholesterolemic atherosclerosis hence,
various antioxidant compounds are being evaluated for
potential anti—hypercholesterolemic effects9l. A high fat diet
brings about remarkable modifications in the antioxidant
defence mechanisms of rat tissues by the process of
lipid peroxidation. Several reports have shown that
hypercholesterolemia diminishes the antioxidant defence
systems[40] by producing free radicals and thereby elevating
the lipid peroxide products, resulting in the production of
toxic intermediates.

SOD is the first enzyme in antioxidant defense that
protects tissues against oxygen free radicals by catalyzing
the removal of superoxide radical (0”), which damages the
membrane and biological structures(41l. CAT has been shown
to be responsible for the detoxification of significant amounts
of H,0,/421. SOD and CAT are the two major scavenging
enzymes that remove the toxic free radicals. From our
study we observed that there was a reduction in the activity
staining of hepatic SOD and CAT in HCD induced rats (lane
2) when compared to control rats (lane 1), this may be due to
the enhanced production of Reactive Oxygen Species (ROS)
by HCD. This free radical affects the antioxidant activity
and hence resulted in the decreased activity staining of
SOD and CAT. Treatment with AEBM (lane 3) restores the
HCD induced alteration in the activity of staining of the SOD
and CAT to near control due to its free radical scavenging
activity.

The glutathione—S—transferase (GST) family of enzymes
comprises a long list of cytosolic, mitochondrial, and
microsomal proteins that catalyze the conjugation of reduced
glutathione via the sulfhydryl group, to electrophilic centers
on a wide variety of substratesl43l. This activity is useful
in the detoxification of endogenous compounds such as
deoxidized lipidsi44.. GPx has been shown to be responsible
for the detoxification of H202. Glutathione reductase is
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responsible for the reduction of oxidised glutathione to
glutathione (reduced). The increased oxidant stress in
hypercholesterolemic conditions exhausts the GSH pools(35.

Activities of hepatic antioxidant enzymes viz., Glutathione
peroxidase (GPx) and Glutathione Reductase (GR) enzymes
and Glutathione contents were significantly decreased in
HCD induced rats. On oral administration with AEBM, the
activities of these antioxidant enzymes in liver were reverted
back to normal level. Earlier it has been reported that AEBM
has an antioxidant activity owing to the presence of its
saponins, flavanoids and phytosterol13].

LPO is regarded as one of the basic mechanisms
of cellular damage caused by free radicalsl45]l. The
relationship between LPO and hypercholesterolemia is
well recognized, a cholesterol rich diet results in increased
LPO by the induction of free radical productionl4sl.
Hypercholesterolemia and lipid peroxidation are believed to
be critically involved in development of Atherosclerosis(471.
In our study we found that a significant increase in LPO
levels were observed in HCD fed groups when compared to
the control group. AEBM supplementation brought down the
level of LPO to near normal. It has been already reported that
AEBM has an antioxidant activity owing to the presence of
its saponins, flavanoids and phytosteroli13], thus it decrease
the concentration of free radicals, which might terminate the
initiation and propagation of LPO.

Several reports showed that high cholesterol level can
cause cardiac damagel48-501. Elevation in the levels of
diagnostic cardiac marker enzymes such as SGOT, LDH
and CPK in serum of HCD induced rats is due to Peroxide
formation induced by hypercholesterolemia in the form of
ROSI23]- This ROS production increases cellular membrane
permeability, intracellular fluid transfers onto intercellular
space, resulting in muscle and cardiac damage which
leads to the leakage or release of cardiac marker enzymes
from cardiac tissue to serum and hence the level of marker
enzymes are raised in HCD fed rats. There was a significant
elevation in the levels of cardiac marker enzymes such as
SGOT, LDH and CPK were observed in HCD induced rats
when compared with control rats. Treatment with AEBM
significantly reduced the activity of SGOT, LDH and CPK to
near normal levels.

Macroscopic observation of thoracic aorta showed that
tenacity of vessel in control group was better than that of
hypercholesterolemic rats. Furthermore, surface of intima
in rats fed with normal rat chow was smooth and glossy, and
there is no thickening of the intima or migration of smooth
muscle cells to the intima, whereas surface of intima of HCD
induced rats showed a typical plaques characterized by
thickening of the intima, migration of smooth muscle cells to
the intima, infiltration of macrophages, appearance of foam
and lamellar calcification under the endothelium.

From our result we observed that there was an increased
foam cell formation which leads to intimal thickening in
HCD induced group. These results were accordance with
the reports of [51.52]. These foam cell counts were reduced
in AEBM treated group which could be due to its inhibition
activity on cholesteryl ester and thereby reduces the specific
binding sites of acetyl LDL hence can reduce the foam cell
formation and leads to less thickening of intima.

The result obtained in this study suggests that the
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alcoholic extract of B. monniera has beneficial effects in
preventing hypercholesterolemia by lowering lipid status,
improving antioxidant status as well as protecting the aortic
morphology.

The present experimental data therefore suggest that
alcoholic extract of B. monniera has an atheroprotective
potential. In our laboratory we have started to work on
major active component namely Bacoside—A from the
plant extract for its hypocholesterolemic activity. Further
studies are needed to check the indepth mechanism of
hypocholesterolemic activity of AEBM at molecular level.

Conlflict of interest statement

The authors declare that there is no declaration of interest
to disclose.

Acknowledgements

The financial support extended by UGC in the form of JRF
for meritorious students under UGC—SAP programme is
gratefully acknowledged.

References

[1] Braunwald E. Shattuck lecture-cardiovascular medicine at the
turn of the millennium: triumphs, concerns, and opportunities.
New Eng J Med 1997; 337: 1360- 1369.

[2] Kok FJ, van Poppel G, Melse J, Verheul E, Schouten EG,
Kruyssen DH, et al. Do antioxidants and polyunsaturated fatty
acids have a combined association with coronary atherosclerosis?
Atherosclerosis 1991; 86 (1): 85— 90.

[3] Prasad K, Kalra J. Experimental atherosclerosis and oxygen free
radicals. Angiology 1989; 40(9): 835— 843.

[4] Motta M, Giugno I, Bosco S, Pistone G, Ruello P, Maugeri D, et
al. Serum lipoprotein(a) changes in acute myocardial infraction.
Panminevra Med 2001; 43: 77-80.

[S] Maghrani M, Lemhadri A, Zeggwagh NA, EI Amraoui A, Haloui
M, Jouad H, et al. Effect of retamaraetam on lipid metabolism in
normal and recent-onset diabetic rats. J Ethnopharmacol 2004;
90: 323-329.

[6] Edijala JK, Asagha SO, Eriyamremu GE, Atomatofa U.
Comparative effects of garden egg fruit, oat and apple on serum
lipid profile in rats fed on a high cholesterol diet. Pak J Nutr
2005; 4: 245-249.

[7] Ross R. Atherosclerosis an inflammatory disease. New Engl | Med
1999; 340: 115-126.

[8] Gutteridge JMC, Halliwell B. Antioxidants in nutrition. Health and
disease. Oxford: Oxford University Press; 1996.

[9] Nishant P, Visavadiya AV, Narasimhacharya RL. Asparagus root
regulates cholesterol metabolism and improves antioxidant status
in hypercholesteremic rats. eCAM 2009; 6(2): 219-226.

[10]Kirtikar K, Basu D. Indian medicinal plants. Dehradun:
International Book Distributors; 1999; 2: 1129-1135.

[11]Chopra RN, Nayar SL, Chopra IC. Glossary of Indian medicinal
plants. New Delhi:CSIR:1956,p. 32.

[12]Roodenrys S, Booth D, Bulzoni S, Phipps A, Micallef C, Smoker J.

Chronic effects of Brahmi (Bacopa monnieri) on human memory.



Venkatakrishnan Kamesh et al./Asian Pacific Journal of Tropical Medicine (2012)949-955

Neuropsychopharmacology 2002; 27: 279-281.

[13]Tripathi YB, Chaurasia S, Tripathi E, Upadhyay A, Dubey GP.
Bacopa monniera Linn. As an antioxidant:mechanism of action.
Indian ] Exp Biol 1996; 34: 523-526.

[14]Mohanty IR, Maheshwari U, Joseph D, Deshmukh Y. Bacopa
monniera protects rat heart against ischaemia—reperfusion injury:
role of key apoptotic regulatory proteins and enzymes. J Pharm
pharmacol 2010; 62(9): 1175-1184.

[15]Channa S, Dar A, Yaqoob M, Anjum S, Sultani Z, Rahman A.
Broncho-vasodilatory activity of fractions of pure constituents
isolated from Bacopa monniera. J Ethnopharmacol 2003; 86:
27-35.

[16]Channa S, Dar A, Anjum S, Yaqoob M, Rahman A. Anti-
inflammatory activity of Bacopa monniera in rodents. J
Ethanopharmacol 2006; 104: 286-289.

[17]Dar A, Channa S. Calcium antagonistic activity of Bacopa
monniera on vascular and intestinal smooth muscles of rabbit and
guinea—pig. J Ethnopharmacol 1999; 66: 167-174.

[18]Samiulla DS, Prashanth D, Amit A. Mast cell stabilizing activity of
Bacopa monnieri. Fitoterapia 2001; 72: 284-285.

[19]Sairam K, Rao CV, Babu MD, Goel RK. Prophylactic and curative
effects of Bacopa monniera in gastric ulcer models. Phytomed
2001; 8: 423-430.

[20]Sumathi T, Niranjali Devaraj S. Effect of Bacopa monniera, on
liver and kidney toxicity in chronic use of opioids. Phytomed
2009; 16: 897-903.

[21]Kirtikar K, Basu D.(eds.) Indian medicinal plants. Dehradun:
International Book Distributors;1994.

[22]Hou CC, Lin SJ, Cheng JT, Hsu FL. Bacopaside III,
bacopasaponin G and bacopaside (bacoside) A, B and C from
Bacopa monnieri. J Nat Prod 2002; 65: 1759-1763.

[23]Sudhahar V, Kumar SA, Mythili Y, Varalakshmi P. Remedial
effect of lupeol and its ester derivative on hypercholesterolemia—
induced oxidative and inflammatory stresses. Nutr Res 2007; 27:
778-787.

[24]Friedewald WT, Levy RI, Fredrickson DS. Estimation of
concentration of low density lipoprotein cholesterol in plasma
without use of the preparative ultracentrifuge. Clin Chem 1972;
18: 499-502.

[25]Ji-Qin Yang, Shijun Li, Frederick E, Domann Garry R, Buettner
Larry W Oberley. Superoxide generation in v—Ha-ras—transduced
human keratinocyte HaCaT cells. Mol Carcinogen 1999; 26:
180-188.

[26]Rotruck JT, Pope AL, Ganther HE. Selenium: biochemical role
as a component of glutathione peroxidase. Science 1973; 179:
588-590.

[27]Stall GEJ, Visser J, Veeger C. Purification and properties of
glutathione reductase of human erythrocytes. Biochim Biophys
Acta 1969; 185: 39-48.

[28]Habig WH, Pabst MJ, Jakoby WB. Glutathione—S—transferases:
the first enzymatic step in mercapturic acid formation. J Biol
Chem 1974; 249: 7130-7139.

[29]Moron MS, Depierre JW, Mannervik B. Levels of glutathione
reductase and glutathione S—transferase activities in rat lung and
liver. Biochim Biophys Acta 1979; 582: 67-78.

[30Devasagayam TPA, Tarachand U. Decreased lipid peroxidation
in rat kidney during gestation. Biochem Biophys Res Commun
1987;145: 134-138.

[31]King J. The transferase—alanine and aspartate transaminases.
In: Practical clinical enzymology. London:Nostrand Company
Limited;1965a,p.121-138.

[32]King J. The dehydrogenases or oxidoreductases. Lactate
dehydrogenase. In: Practical clinical enzymology. London:Nostrand
Company Limited; 1965b: 83-93.

[33]0kinaka S, Sugita H, Momoi H, Toyokura Y, Watanabe T, Ebashi

955

F, et al. Cysteine—stimulated serum creatine kinase in health and
disease. J Lab & Clin Med 1964; 64: 299-305.

[34]Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem 1951;
193: 265-275.

[35]Deepa PR, Varalakshmi P. Salubrious effect of low molecular
weight heparin on atherogenic diet—induced cardiac, hepatic and
renal lipid peroxidation and collapse of antioxidant defences. Mol
Cell Biochem 2003; 254: 111 - 116.

[36]Li H, Wang QJ, Zhu DN, Yang Y. Reinioside C. A triterpene
saponin of Polygala aureocauda Dunn, exerts hypolipidemic effect
on hyperlipidemic mice. Phytother Res 2008; 22 (2): 159-164.

[37]Gerd Assmann, Antonio M, Gotto Jr. HDL Cholesterol and
protective factors in atherosclerosis. Circulation 2004; 109: 8 —14.

[38]Akila M, Devaraj H. Synergistic effect of tincture of crataegus and
Mangifera indica L. extract on hyperlipidemic and antioxidant
status in atherogenic rats. Vasc Pharmacol 2008; 49: 173-177.

[39]Warnholtz, A, Mollnau H, Oelze M, Wendt M, Maria Wendt,
Thomas Munzel. Antioxidants and endothelial dysfunction in
hyperlipidemia. Current Hypertension report 2001; 3: 53-60.

[40]Prasad K, Kalra J. Oxygen free radicals and hypercholesterolemic
atherosclerosis: effect of vitamin E. Am Heart J 1993; 125:
958-973.

[41]Arivazhagan P, Thilagavathy T, Panneerselvam C. Antioxidant
lipoate and tissue antioxidants in aged rats. J Nutr Biochem 2000;
11: 122-127.

[42]Rony KA, John Mathew, Neenu PP, Janardhanan KK. Ganoderma
lucidum (Fr.) P. Karst occuring in south India attenuates gastric
ulceration in rats. Ind J Nat Prod Res 2011; 2(1): 19-27.

[43]Wang W, Ballatori N. Endogenous glutathione conjugates:
occurrence and biological functions. Pharmacol Rev 1998; 50:
335-356.

[44]Leaver MJ, George SG. A piscine glutathione S—transferase which
efficiently conjugates the end—products of lipid peroxidation. Mar
Environ Res 1998; 46: 71-74.

[45]Pracheta P, Sharma V, Singh L, Paliwal R, Sharma S, Yadav S, et
al. Chemopreventive effect of hydroethanolic extract of Euphorbia
neriifolia leaves against DENA—-induced renal carcinogenesis in
mice. Astan Pacific J Cancer Prev 2011; 12: 677-683.

[46]Adaramoye OA, Nwaneri VO, Anyanwu KC. Possible
antiatherogenic effect of kolaviron (a Garcinia kola seed extract)
in hypercholesterolemic rats. Clin Exp Pharmacol Physiol 2005;
32:40-46.

[47]Hsiai, T, Berliner JA. Oxidative stress as a regulator of murine
atherosclerosis. Curr Drug Targets 2007; 8: 1222—-1229.

[48]Kumar SA, Sudhahar V, Varalakshmi P. Attenuation of
serum lipid abnormalities and cardiac oxidative stress by
eicosapentaenoate—lipoate (EPA-LA) derivative in experimental
hypercholesterolemia. Clinica Chimica Acta 2005; 355: 197-204.

[49]Girija K, Lakshman K, Udaya C, Sachi GS, Divya T. Anti—diabetic
and anti—cholesterolemic activity of methanol extracts of three
species of Amaranthus. Asian Pac J Trop Biomed 2011; 1(2):
133-138.

[50]Johnkennedy N, Adamma E, Nnedimma NC. Hypolipidemic
effects of aqueous extract of Acalypha capitata leaves in rats fed
on high cholesterol diet. Asian Pac J Trop Biomed 2011; 1(Suppl
2): S183-S185.

[51]Deepa PR, Varalakshmi P. Atheroprotective effect of endogenous
heparin—derivative treatment on the aortic distrubances and
lipoprotein oxidation in hypercholesterolemic diet fed rats. Clin
Chim Acta 2005; 355: 119-130.

[52]Tang F, Wu X, Wang T, Wang P, Li R, Zhang H, et al.
Tanshinone Il A attenuates atherosclerotic calcification in rat
model by inhibition of oxidative stress. Vascular Pharmacology

2007; 46: 427-438.





