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Hemidesmus indicus plasma lipid profile in rats.

High fat diet Results: Oral administration of methanolic extract of H. indicus
Oxidative stress (200 mg/kg) offered a significant dose-dependent protection
Plasma lipid profile against HFD-induced oxidative stress, as reflected in the levels of
Antihyperlipidemia catalase (p<0.001 in the aorta, heart and liver), superoxide
Liver protection dismutase (p<0.001 in the aorta, heart and liver), and glutathione

peroxidase (p<0.001 in the aorta, heart and liver). Hyperlipidemia
condition assessed in terms of body weight, total cholesterol, free
cholesterol, ester cholesterol, phospholipids, triglycerides, and
atherogenic index and the results showed significant differences
between HFD and non-HFD fed rats (p<0.001). High-fat diet
treated rats showed changes in hepatic tissue architecture such as
micro and macrovascular steatosis, increased fatty infiltration, and
inflammation.

Conclusion: The present study revealed that the methanolic
extract of H. indicus protects against oxidative stress,
hyperlipidemia and liver damage.
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Introduction

Excess accumulation of body fat is one
of the leading causes of death worldwide.
The prevalence of metabolic diseases such
as obesity and metabolic syndrome is
increasing worldwide (Misra et al., 2010).
A hyperlipidemic conditionis associated
with increased oxidative stress and
overproduction of oxygen free radicals
(Zalba et al.,, 2001). Some of lifestyle
factors responsible for the development of
metabolic diseases are described in the
literature (e.g. such as physical inactivity
and consumption of high-fat diet) (Talita et
al., 2014; Nettleton and Katz, 2005). Diets
rich in sucrose, dextrose, fructose, fat or
any combination of these compounds
make important changes in carbohydrate
metabolism resulting in insulin resistance,
type 2 diabetes, weight gain, adiposity,
dyslipidemia and arterial hypertension in
rodents (Kohli et al., 2010; Buettner et al.,
2006; Kim et al, 2011). Hyperlipidemia
following oxidative stress may cause
oxidative modifications in low density
lipoproteins, which play an important role
in the progression of atherosclerosis
(Parthasarthy et al., 1992). Several studies
have shown that animals fed with high-fat
diets are more likely to develop risk
factors for metabolic disorder, such as
hyperlipidemia (Li et al., 2010) hepatic
steatosis (Pérez-Echarri et al., 2009) and
oxidative stress (Hee and Seon, 2009).
Metabolic syndrome exposes an individual
to increased prevalence of venous
thromboembolism (Ageno et al., 2006; Ay
et al., 2007; Borch et al., 2010; Ray et al.,
2007; Severinsen et al., 2009). Past studies
have shown that dietary modifications
such as low fat diets, high-fiber diets, diets
rich in flavonoids and phenolic acids can
reduce metabolic syndrome risk factors
(Minich and Bland, 2008; Lyer et al.,
2009).

The modern anti-hyperlipidemic drugs
like statins and synthetic antioxidants like
probucol are widely used to treat
atherosclerosis. Unfortunately, these drugs

are not free of side effects (Lankin et al.,
2003). To provide novel treatments for
hyperlipidemia, it has been focused on the
natural products that have very few side
effects (Si-Yuan et al., 2013). The world
ethnobotanical information reported a
number of herbal medicines from the
plants that are used for controlling
hyperlipidemia and the related
complications in patients (Dahanukar et
al., 2000). Approximately 80% of the third
world populations are almost entirely
dependent on traditional medicines
(Srinivasan, 2005). The phytochemical
constituents of methanolic extract of H.
indicus exhibited a great antioxidant
activity (Visweswara et al., 2013). A study
revealed that H. indicus potentially
decreased serum cholesterol, triglyceride,
free fatty acids and phospholipid (Sowmia
and Kokilavani, 2007). High-fat diet
induced hyperlipidemia in rats as
characterized by decreased levels of
antioxidant enzymes, increased levels of
cholesterol profile and damages in hepatic
tissues. However, a long-term
consumption of high-fat diet that makes
lipid changes could increase the possibility
of metabolic function damage. In this
regard, phenolic compounds of H. indicus
have attracted scientists because of their
strong in vitro and in vivo antioxidant
activity (Tapiero et al., 2002; Rabia et al.,
2015). Hence, the present study was
doneto  evaluate  antioxidant  and
hypolipidemic activities of different
extracts of H. indicus in rats fed with high-
fat diet.

Materials and Methods
Collection and identification of the plant
materials

The roots of H. indicus (Linn.) were
collected from Tirunelveli District, India.
Botanical identification was carried out at
the Botanical Survey of Medicinal Plants
Unit, Siddha, Palayamkottai. Where, a
voucher specimen No.MMC/2012/11 was
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deposited in  the museum of the
Department of Pharmacognosy, Madras
Medical College, Chennai. The roots were
dried under shade, segregated, pulverized
by a mechanical grinder and passed
through a 40 mesh sieve. The powdered
plant materials were stored in an airtight
container.

Drugs and Chemicals

Cholesterol was obtained from Central
Drug House Ltd, Mumbai, India.
Atorvastatin was purchased from Ranbaxy,
India. Cholesterol kit was obtained from
Span Diagnostics Ltd. Surat, India. All
other chemicals were of analytical grade
procured from reputed Indian
manufacturers.

Experimental animals

The study was approved by the
institutional animal ethical committee of
Madras Medical College, Chennai. Male
albino wistar rats weighing 135-160 ¢
were obtained from animal facility and
housed (six animals per cage at 25+ 5°C).
The relative humidity maintained between
55-58%. The animals were allowed to
have free access to tap water and standard
laboratory pellet ad libitum.

Preparation of the extracts

The powdered plant materials were
successively extracted with petroleum
ether (40-60°C), ethyl acetate (76-78°C)
and methanol (80°C) by hot continuous
percolation method in a Soxhlet apparatus
(Harborne, 1984) for 24 hr. Extracts
solvent was recovered under reduced
pressure using rotary evaporator and
subjected to freeze-drying in a lyophilizer
until dry powder was obtained.

Acute toxicity study

Acute oral toxicity study was performed
according to organization of economic
cooperation and development (OECD)
guidelines 423. Each group consisted of 3
rats and 5-2000 mg/kg of different extracts

of H. indicus were used. All different
extracts of H. indicus were suspended in
2% tween 80 and given to the rats via oral
intubation. The animals were observed
individually every 30 min after dosing the
first 24hr thereafter daily for 14 days. The
time at which signs of toxicity
appear/disappear was observed
systematically and recorded for each
animal.

Induction of hyperlipidemia and anti-
hyperlipidemic activity

Experimental hyperlipidemia was
developed by feeding with a high-fat diet
(Powdered Normal Chow, 365 g; lard, 310
g; casein, 250 g; cholesterol, 10 g; vitamin
mix and mineral mix, 60 g; DL
methionine, 0.3 g; yeast powder, 0.1 g; and
NaCl, 0.1 g were mixed to prepare 1.0 kg
of HFD). The high fat diet contained 5.33
kcal/g while the normal chow contained
3.80 kcal/g.

Thirty six rats were divided into 6
groups of six each. Group | served as
normal control without any treatment.
Group Il served as HFD control. Animals
of groups IlI, 1V and V were administered
HFD followed by different extracts of H.
indicus. Group VI served as positive
control and received atorvastatin (1.2
mg/kg body weight). The extracts as well
as atorvastatin were suspended in 2%
tween 80 (Satheesh and Kottai, 2012) and
fed to the respective rats via oral
intubation. At the end of study, all rats
were euthanized by cervical dislocation
after overnight fasting. Before euthanasia,
blood was collected from the retro-orbital
sinus plexus under mild ether anaesthesia.
The blood samples were collected in
heparinized tubes and plasma was
separated. A liver tissue was separated for
the cholesterol investigations. All the
experimental activities were conducted
according to the animal ethics committee
recommendations.
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Histopathological study
Liver slices were fixed in 10% formalin

analysis of variance (ANOVA) followed
by Dunnett’s test.

and embedded in paraffin wax. Sections of Differences  between  means  were

5 um thickness were prepared using a considered  statistically significant if

microtome and stained with haematoxylin- p<0.05.

eosin. The sections were observed under

microscope and photographs of each slide

were taken at 40x magnification. Results

Statistical analysis Extraction of_plant materia_ll
Phytochemical evaluation of the

The data are presented as mean =+
standard error mean (SEM) for six animals
in each group. Statistical analysis of the
data was performed using one-way

methanolic extract of H. indicus showed the
presence of alkaloids, carbohydrates,
glycosides, phenolic compounds, tannins,
saponins glycoside, tannins, protein, amino
acids and flavonoids constituents (Table 1).

Table 1. Preliminary phytochemical study of different extracts of Hemidesmus indicus

SI. No Tests Pet. Ether extract Ethyl acetate extract Methanolic extract
1. Alkaloids Negative Positive Positive
2. Carbohydrates and glycosides Negative Negative Positive
3. Phenolic compounds and tannins Negative Negative Positive
4. Flavonoids Negative Negative Positive
Acute toxicity study decrease in CAT, SOD and GPX. Phenolic

After administration of 5 mg/kg, 50
mg/kg, 500 mg/kg and until 2000 mg/kg

compounds may protect against oxidative
damage. High fat diet rats have shown an

dose of different extracts of H. indicus, the abnormal increase in plasma total
animals didn’t show a behavioral cholesterol, free  cholesterol, ester
abnormality, dyslipidemia, toxic or cholesterol, phospholipids, triglycerides,

mortality in rats. Hence, H. indicus a dose
of 200 mg/kg, p.o. was selected for further
pharmacological investigations.

Pharmacological interventions  on
oxidative stress and plasma lipid profile

The high fat dietary treatment for 9
weeks caused a sustained increase in %
body weight in rats. As shown in table 2, 3
and 4, HFD groups caused a significant

Table 2. Effect of different extracts of Hemidesmus
min/mg/protein) activity of the aorta, heart and liver in rats

atherogenic index, LDL, VLDL and
decrease in HDL levels when, compared to
rats fed with a standard diet (Table 5,6 and
7). The present study demonstrated that
flavonoid increases the vasodilation
response of cardiovascular disease patients
(Veronique and Christine, 2012) and
various in vitro studies have shown
antiplatelet activity (Ji et al., 2014).

indicus on CAT (pn moles of H,0O, consumed

Groups Aorta Heart Liver

Control 33.25+0.66 46.63+0.56 29.93+0.82
High fat diet (HFD) 21.50+0.40%** 29.22:40.55%¥* 15.20+0.54%%*
HFD + petroleum ether extract of H. indicus 200mg/kg 24.25+0.34%** 33.21+0.60%** 18.43+0.55%**
HFD + ethyl acetate extract of H. indicus 200mg/kg 25.10+0.54%** 36.85+0.50%** 20.08+0.47%**
HFD + methanolic extract of H. indicus 200mg/kg 30.64+0.60™ 44.94+0.67™ 28.70+0.81™
HFD + atorvastatin (1.2mg/kgbw) 34.06+2.89"™ 46.47+0.84™ 29.03+0.81™

Values are expressed as mean + SEM (n = 6). Data were analyzed using One-way analysis of variance followed
by Dunnett’s multiple comparison test. ***p< 0.001; *p< 0.05 considered significant; ns: non-significant; All

groups are compared with normal control. CAT: catalase.

AJP, Vol. 6, No. 5,

Sep-Oct 2016 519



Vetriselvan et al.

Table 3. Effect of different extracts of Hemidesmus indicus on SOD (unit min/mg/protein) activity of the aorta,
heart and liver in rats

Groups Aorta Heart Liver
Control 2.50+0.05 1.84+0.05 3.50+0.07
High fat diet 1.36+0.03*** 0.60+0.04%** 1.50+0.05%**
HFD + PEEHI 200mg/kg 1.62+0.01%** 0.68+0.05%** 1.86+0.06***
HFD + EAEHI 200mg/kg 1.72+0.02%** 0.77+0.05%** 1.98+0.06***
HFD + MEHI 200mg/kg 2.36+0.04™ 1.68+0.05"™ 3.29+0.06™
HFD + atorvastatin (1.2 mg/kgbw) 2.43+0.04™ 1.72+0.05"™ 3.35+0.06™

Values are expressed as mean = SEM (n = 6). Data were analyzed using One-way analysis of variance followed
by Dunnett’s multiple comparison test. ***p<0.001; *p< 0.05 considered significant; ns: non-significant; All
groups are compared with normal control. SOD: superoxide dismutase.

Table 4. Effect of different extracts of Hemidesmus indicus on GPX (mg of GSH consumed/min/mg protein)
activity of aorta, heart and liver in rats

Groups Aorta Heart Liver
Control 11.54+0.56 15.90+0.64 9.13+0.433
High fat diet 6.88+0.30*** 7.38+0.45%** 5.74+0.38***
HFD + PEEHI 200mg/kg 8.00+0.25%** 9.09+0.52%** 6.39+0.39%**
HFD + EAEHI 200mg/kg 8.69+0.40*** 10.06+0.78*** 7.07+0.28%*
HFD + MEHI 200mg/kg 10.29+0.58™ 14.23+0.74™ 8.30+0.34"
HFD + atorvastatin (1.2 mg/kgbw) 11.1+0.60™ 15.22+0.65™ 8.75+0.40™

Values are expressed as mean £ SEM (n = 6). Data were analyzed using One-way analysis of variance followed
by Dunnett’s multiple comparison test.***p<0.001,**p<0.01;*p<0.05 considered significant; ns: non-
significant; All groups are compared with normal control.GPX: glutathione peroxidase.

Table 5. Effect of different extracts of Hemidesmus indicus on plasma lipid profile in control and experimental
rats

Groups BW changes (gm) TC (mg/dl) FC (mg/dl) EC (mg/dl)

| 194.76+2.48 113.83+£1.48 27.05£0.28 84.99+1.71

11 251.25+3.05%*%* 177.8+1.64%%* 46.50+0.75%** 130.08+0.33***
11 241.02+2.86%** 127.90+1.45%** 42.61+0.91%%* 119.63+1.25%**
v 238.80+2.71%** 127.46+1.49%** 42+0.89*** 118.81+1.38%**
\Y% 204.51+2.47™ 119.63+1.69* 28.95+0.35™ 87.00+1.78"™

\Y 200.53+2.50™ 116.51+1.26™ 28.09+0.21"™ 85.73+1.80™

Values are expressed as mean £ SEM (n = 6). Data were analyzed using One-way analysis of variance followed
by Dunnett’s multiple comparison test. ***p<0.001, *p<0.05; *p<0.05 considered significant; ns: non-
significant; All groups are compared with normal control. BW: body weight; TC: total cholesterol; FC: free
cholesterol; EC: ester cholesterol.

Table 6. Effect of different extracts of Hemidesmus
indicus on plasma lipid profile in control and

experimental rats

Groups PLs (mg/dl) TGs (mg/dl) Al (mg/dl)

1 106.53+0.41 78.54+ 0.93 1.85+0.03

1 155.19+1.17*%%*%  15591+1.34*%%*  4.67+0.12%**
1] 148.48+0.98%**  134.55+2.28***  2.35+0.03%**
v 147.74+1.14%%%  116.41+1.98%%*  2.28+0.03%**
\% 110.09+0.50* 84.19+1.24™ 1.95+0.03"™
VI 108.82+0.35™ 81.59+1.19" 1.90+0.03™

Values are expressed as mean £ SEM (n = 6). Data
were analyzed using One-way analysis of variance
followed by Dunnett’s multiple comparison test.
**%p<0.001,*p<0.05;*p<0.05
significant; ns: non- significant. All groups are
compared with normal control. PLs: phospholipids;
TGs: triglycerides; Al: atherogenic index.

considered

AJP, Vol. 6, No. 5, Sep-Oct 2016

Table 7. Effect of different extracts of Hemidesmus
indicus on plasma lipoprotein in control and
experimental rats

Groups HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl)
| 58.87+0.63 39.29+0.61 17.50+0.48
1 24.98+1.23%** 104.91+1.95%*%*  3567+1.31%**
11 29.43+1.27%%% 94.50+2.34*%*%*  32.66+1.04***
v 35.76+1.18%** 84.01+2.37**%*  32.41+1.18*%**
\% 53.84+0.92*  46.26+1.04* 19.94+0.43"™
VI 55.77+1.18"  41.99+1.13"™ 19.14+0.44"™

Values are expressed as mean £ SEM (n = 6). Data
were analyzed using One-way analysis of variance
followed by Dunnett’s multiple comparison test.
**%p<0.001, *p<0.05;*p<0.05 considered as
significant; ns: non significant; All groups are
compared with normal control.HDL: high density
lipoprotein; LDL: low density lipoprotein; VLDL.:
very low-density lipoprotein.
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After treatment with 200 mg/kg of
methanolic extract of H. indicus and
atorvastatin 1.2 mg/kg, a significant
response against high-fat diet induced
body weight, oxidative stress and
hyperlipidemia was observed. The present
study demonstrated that flavonoids
increase the vasodilation response in
cardiovascular disease patients (\VVéronique
and Christine, 2012) and various in vitro
studies have shown anti-platelet activity
for flavonoids (Ji et al., 2014).

The effects of various treatments on
histology of the liver

High-fat diet-treated rats produced
significant changes in hepatic tissue
architecture such as micro and macro
vascular  steatosis, increased  fatty
infiltration, inflammation (over activation
of kupffer cells), sinusoidal dilation,
degeneration of central vein and
vacuolization, as compared to normal liver
histology. Treatment with H.indicus 200
mg/kg significantly attenuated these
effects of high fat diet, as compared to
HFD control (Figure 1).

Figure 1. Effect of various treatments on histology
of liver tissue

E ozl r

A: Normal control; B: High-fat diet; C: High-fat
diet with petroleum ether extract of H. indicus 200
mg/ kg bw; D: High-fat diet with ethyl acetate
extract of H. indicus 200 mg/kg bw; E: High-fat
diet with methanolic extract of H. indicus 200
mg/kg bw; F: High-fat diet with standard drug of
atorvastatin (1.2 mg/kg bw)

Discussion

The  present  investigation  was
undertaken to assess the anti-oxidant and
antihyperlipidemic activity of H. indicus.
A previous report demonstrated that
flavonoid rich in tea that increases the
vasodilation response of cardiovascular
disease patients (Veronique and Christine,
2012) and various in vitro studies have
shown anti-platelet activity of flavonoids.
(Ji et al., 2014). Several epidemiological
studies have shown flavonoid intake is
associated with a low risk of
cardiovascular disease (Marjorie et al.,
2012). Our results indicated that the
phytochemical constituents of MEHI may
play an important role in its antioxidant
and anti-hyperlipidemic activity.

Additional research is warranted on
flavonoid and cardiovascular disease
prevention and survival, since several
flavonoids including the anthocyanins,
flavones, flavan-3-ols and
proanthocyanidins may have blood
pressure lowering effects and may have
beneficial effects on other cardiovascular
disease risk factors as well (Phang et al.,
2011).

In acute toxicity studies, H. indicus up
to 2000 mg/kg) was found to be non-toxic
and did not cause death among the tested
animals. Previous studies reported that
polyphenolic compounds may protect
against oxidative damage (Simonyi et al.,
2010). Marisol et al. reported that
modulation of nitric oxide (NO)
availability plays an important role in
ischemic stroke (Marisol et al., 2013). In
the present investigation, we showed that
HFD-treated rats had significant oxidative
stress in terms of CAT, SOD, GPX levels.
As shown in tables 5, 6 and 7, average
body weight, TC, FC, EC, PLs, TGs, Al,
HDL, LDL and VLDL were increased.
Furukawa et al. (Furukawa et al., 2004)
found that oxidative stress is highly
correlated with a wide variety of
inflammatory and metabolic disease states
including obesity. Moreover, Mishra
(Mishra, 2004) showed that free radicals
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may adversely affect cell survival
following membrane damage through the
oxidative damage of lipid, protein and
irreversible DNA modification. Abdominal
obesity and insulin resistance were
proposed as the main causal factors of
metabolic syndrome (Christian et al.,
2013).

Consistently, we found that MEHI
increased the level of SOD, CAT, and
GPX, decreased body weight and plasma
lipid profile. Manju (Manju et al., 2010)
demonstrated that oxidative damage is
aggravated by the decrease in antioxidant
enzyme activities such as superoxide
dismutase, catalase, glutathione S-
transferase and glutathione peroxidase
which act as free radical scavengers in
conditions associated with oxidative stress.
Here, we examined the effect of MEHI on
dyslipidemia and increased SOD, CAT and
GPX activity of the aorta, heart, and liver
in rats.

HFD-treated rats significantly
(p<0.001) increased body weight. Also, a
previous study revealed that obesity and
hypercholesterol were associated with
defective thermogenesis (Colin et al.,
2005). More importantly, our study
demonstrated that a potential weight-
reducing effect for MEHI. We found that
high-fat diet-treated rats show increasing
levels of plasma total cholesterol which is
consistent with earlier studies (Vijaimohan
et al., 2006; Mehta et al., 2003). After
treatment with MEHI, it possibly decreases
total cholesterol and may reduce the risk of
heart attacks, strokes and death.

Consumption of high-fat diet is crucial
for the development of free and ester
cholesterol (Table 5). This condition of

high cholesterol may initiate
atherosclerosis  (Jeng-Jiann and  Shu,
2011). In the present study, we

investigated the effect of MEHI on the
high-fat diet-treated rats and results
indicated that the lipid lowering effect may
due to the inhibition of hepatic
cholesterogenesis (Nishant et al., 2011).
Moreover, the rats that received MEHI 200

mg/kg exhibited reduction in
phospholipids (PLs) and triglycerides
(TGs) level. It was reported that high-fat
diet-treated rats showed a significant
increase in the level of plasma
triglycerides due to decrease in the activity
of lipoprotein lipase (Satheesh and Kottai,
2012).

Kumar et al. (Kumar et al., 2015)
studied atherogenic index which indicates
the deposition of foam cells or plaque or
fatty infiltration or lipids in the heart,
coronaries, aorta, liver, kidney which
increases the risk of oxidative damage in
the above organs. As shown in Table 7,
MEHI-treated rats demonstrated an
increase in the HDL level as compared to
high-fat diet-treated rats. Arshag (Arshag,
2009) study revealed low HDL-cholesterol
considered the most significant risk factor
for atherosclerosis. Furthermore, Donovan
et al. (Donovan et al., 2011) have shown
that increase in the concentration of HDL-
cholesterol reduces the morbidity and
mortality rate in cardiovascular patients.
Keevil (Keevil et al., 2007) studied high-
fat diet to elevate LDL and VLDL-
cholesterol. It may increase the risk for
hyperlipidemia and cardiovascular
diseases. Treatment with MEHI markedly
reduced plasma LDL and significantly
reduced VLDL. Our findings also showed
that elevated LDL cholesterol is one of the
causes of coronary heart diseases (Antonio
and Jr, 2011).

Sung (Sung et al., 2014) reported that
hepatic steatosis is a common consequence
of obesity, and its prevalence (Amanda et
al., 2011) has been further characterized
with hepatic fat accumulation. After
treatment with MEHI reversed the effect of
high-fat diet-induced liver damage (Figure
1). Our findings demonstrated tissue
architecture destroy due to chronic high-fat
diet intake which was effectively
prevented by MEHI. This effect may be
due to the cellular migration to injured
sites and accumulation of collagen
mucopolysaccharides.

AJP, Vol. 6, No. 5, Sep-Oct 2016 522



Anti-oxidant and anti-hyperlipidemic activity of Hemidesmus indicus

Acknowledgement

We thank the Department of
Pharmacology, Madras Medical College
for providing the necessary facilities for
carrying out this research.

Conflict of interest
There is no conflict of interests.

References

AgenoW, PrandoniP, Romualdi E, Ghirarduzzi
A, Dentali F, Pesavento R, Crowther M,
Venco A. 2006. The metabolic syndrome
and the risk of venous thrombosis: a case-
control study. J Thromb Haemost, 4:
1914-1918.

Amanda Hooper J, Leon AdamsA, John
Burnett R. 2011. Genetic determinants of
hepatic steatosis in man. J Lipid Res, 52:
593-617.

Antonio GottoJr M. 2011. Jeremiah Metzger
Lecture: Cholesterol, Inflammation and
Atherosclerotic Cardiovascular Disease: Is
It All LDL? Trans Am Clin Climatol
Assoc, 122: 256-289.

Arshag MooradianD. 2009. Dyslipidemia in
type 2 diabetes mellitus. Nat Rev
Endocrinol, 5: 150-159.

Ay C, Tengler T, Vormittag R, Simanek R,
Dorda W, Vukovich T, Pabinger 1. 2007.
Venous thromboembolism: a
manifestation of the metabolic syndrome.
Haematologica, 92: 374-380.

Borch KH, Braekkan SK, Mathiesen EB,
Njolstad 1, Wilsgaard T, Stermer J,
Hansen JB. 2010. Anthropometric
measures of obesity and risk of venous
thromboembolism: the Tromso study.
Arterioscler Thromb Vasc Biol, 30: 121-
127.

Buettner R, Parhofer KG, Woenckhaus M,
Wrede CE, Kunz-Schughart LA,
Scholmerich J, Bollheimer LC. 2006.
Defining  high-fat-diet rat mod-els:
metabolic and molecular effects of
differ-ent fat types. J Mol Endocrinol, 36:
485-501.

Christian Roberts K, Andrea Hevener L, James
Barnard R. 2013. Metabolic Syndrome and
Insulin Resistance: Underlying Causes and
Modification by Exercise Training. Compr
Physiol, 3: 1-58.

Colin  Wilborn, Jacqueline Beckham, Bill
Campbell, Travis Harvey, Melyn
Galbreath, Paul La Bounty, Erika Nassar,
Jennifer Wismann, Richard Kreider. 2005.
Obesity: Prevalence, Theories, Medical
Consequences, Management, and
Research Directions. J Int Soc of Sports
Nutr, 2: 4-31.

Dahanukar SA, Kulkarni RA, Rege NN. 2000.
Pharmacology of medicinal plants and
natural products. Indian J Pharmacol, 32:
S81-S118.

Donovan McGrowder, Cliff Riley, Errol
Morrison St YA, Lorenzo Gordon. 2011.
The Role of High-Density Lipoproteins in
Reducing the Risk of Vascular Diseases,
Neurogenerative Disorders, and Cancer.
Review Article. Cholesterol, 2011; 1-9.

Furukawa S, Fujita T, Shimabukuro M, lwaki
M, Nakajima Y, Nakayama O, Makishima
M, Matsuda M, Shimomura . 2004.
Increased oxidative stress in obesity and
its impact on metabolic syndrome. J Clin
Investig, 114: 1752-1761.

Harborne JB. 1984. Phytochemical methods.
11th Edn, pp.4—5, New York, Chapman &
Hall.

Hee Hong J, Seon Lee I. 2009. Effects of
Artemisia capillaris ethyl acetate fraction
on oxidative stress and antioxidant enzyme
in high-fat diet induced obese mice. Chem
Biol Interact, 179: 88-93.

Jeng-Jiann Chiu, Shu Chien. 2011. Effects of
Disturbed Flow on Vascular Endothelium:
Pathophysiological Basis and Clinical
Perspectives. Physiol Rev,91: 327-387.

Ji Hye Kim, Yong Cheol Shin, Seong-Gyu Ko.
2014. Integrating Traditional Medicine
into Modern Inflammatory Diseases Care:
Multitargeting by Rhus verniciflua Stokes.
Mediators Inflamm, 2014: 1-17.

Keevil JG, Cullen MW, Gangnon R, McBride
PE, Stein JH. 2007. Implications of
cardiac risk and low-density lipoprotein
cholesterol distributions in the United
States for the diagnosis and treatment of
dyslipidemia: data from National Health
and Nutrition Examination Survey 1999 to
2002. Circulation, 115: 1363-1370.

Kim S, Jin Y, Choi Y, Park T. 2011.
Resveratrol exerts anti-obesity effects via
mechanisms involving down-regulation of
adipogenic and inflamma-tory processes
in mice. Biochem Pharmacol, 81: 1343-
1351.

AJP, Vol. 6, No. 5, Sep-Oct 2016 523



Vetriselvan et al.

Kohli R, Kirby M, Xanthakos SA, Softic S,
Feldstein AE, Saxena V, Tang PH, Miles
L, Miles MV, Balistreri WF, Woods SC,
Seeley RJ. 2010. High-fructose, medium
chain trans fat diet induces liver fibrosis
and elevates plasma coenzyme Q9 in a
novel murine model of obesity and
nonalcoholic steatohepatitis. Hepatology,
52: 934-944,

Kumar SA, Magnusson M, Ward LC, Paul
NA, Brown L. 2015. A Green Algae
Mixture of Scenedesmus and
Schroederiella Attenuates Obesity-Linked
Metabolic Syndrome in Rats. Nutrients, 7:
2771-2787.

Lankin VZ, Tikhaze AK, Kukharchuk VV.
2003.  Antioxidants  decrease  the
intensification of low density lipoprotein
in vivo peroxidation during therapy with
statins. Mol Cell Biochem, 49: 129-140.

Li W, Shi YH, Yang RL, Cui J, Xiao Y, Wang
B, Le Wei G. 2010. Effect of somatostatin
analog on high-fat diet-induced metabolic
syndrome: involvement of reactive oxygen
species. Peptides, 31: 625-629.

Lyer A, Panchal S, Poudyal H, Brown L.
2009. Potential health benefits of
Indianspices in the symptoms of the
metabolic syndrome: a review. Indian J
Biochem Biophys, 46: 467—481.

Marjorie McCullough L, Julia Peterson J,
Roshni Patel, Paul Jacques F, Roma Shah,
Johanna Dwyer T. 2012. Flavonoid intake
and cardiovascular disease mortality in a
prospective cohort of US adults. Am J
Clin Nutr, 95: 454-464.

Marisol ~ Godinez-Rubi, Argelia  Rojas-
Mayorquin E, Daniel Ortufio-Sahagun.
2013. Nitric  Oxide  Donors  as
Neuroprotective Agents after an Ischemic
Stroke-Related Inflammatory Reaction.
Oxid Med Cell Longev, 2013: 1-16.

Manju Subramanian V, James TJ. 2010. Age-
related protective effect of deprenyl on
changes in the levels of diagnostic marker
enzymes and antioxidant defense enzymes
activities in cerebellar tissue in Wistar rats.
Cell Stress Chaperones, 15: 743-751.

Mehta K, Balaraman R, Amin AH, Bafna PA,
Gulati OD. 2003. Effects of fruits of
Moringa oleifera on the lipid profile of
normal and hypercholesterolemic rabbits. J
Ethnopharmacol, 86: 191-195.

Misra A, Singhal N, Khurana L. 2010.
Obesity, the metabolic syndrome, and type

2 diabetes in developing countries: role of
dietary fats and oils. J Am Coll Nutr, 29:
289S-301S.

Minich DM, Bland JS. 2008. Dietary
management of the metabolic syndrome
beyond macronutriments. Nutr Rev, 66:
429444,

Mishra KP. 2004. Cell membrane oxidative
damage induced by gammaradiation and
apoptotic sensitivity. J Environ Pathol
Toxicol Oncol, 23: 61-66.

Mohana Rao GM, Venkateswararao, Rawat
RKS, Pushpangadan, Shirwaikar A. 2005.
Antioxidant and antihepatotoxic activities
of Pushpangadan Hemidesmus indicus R.
Br. Acta Pharmaceutica Turcica, 47: 107—
113.

Nettleton JA, Katz R. 2005. N-3 Long-chain
polyunsaturated fatty acids in type 2
diabetes: a review. J Am Diet Assoc, 105:
428-440.

Nishant P, Visavadiya, Narasimhacharya
AVRL. 2011. Ameliorative Effects of
Herbal Combinations in Hyperlipidemia.
Oxid Med Cell Longev, 2011: 1-8.

Parthasarthy S, Steinberg D, Seitztum JL.
1992. The role of oxidized low-density
lipoprotein in the pathogenesis of
atherosclerosis. Ann Rev Med, 43: 219-
225.

Pérez-Echarri N, Pérez-Matute P, Marcos-
GO6mez B, Marti A, Martinez JA, Moreno-
Aliaga MJ. 2009. Down-regulation in
muscle and liver lipogenic genes:EPA
ethyl ester treatment in lean and
overweight (high-fat-fed) rats. J Nutr
Biochem, 20: 705-714.

PhangM, LazarusS, WoodLG, Garg M. 2011.
Diet and thrombosis risk: nutrients for
prevention of thrombotic disease. Semin
Thromb Hemost, 37: 199-208.

Rabia Kanwal, Muhammad Arshad, Yamin
Bibi, Saira Asif, Sunbal Khalil Chaudhari.
2015. Evaluation of
Ethnopharmacological and Antioxidant
Potential of Zanthoxylum armatum DC. J
Chem., 2015: 1-8.

Ray JG, Lonn E, Yi Q, Rathe A, Sheridan P,
Kearon C, Yusuf S, Arnold MJ, McQueen
MJ, Pogue J, Probstfield J, Fodor G, Held
C, Micks M, Jr Genest. 2007. HOPE-2
Investigators. Venous thromboembo-lism
in association with features of the
metabolic syndrome. QJM, 100: 679-684.

AJP, Vol. 6, No. 5, Sep-Oct 2016 524



Anti-oxidant and anti-hyperlipidemic activity of Hemidesmus indicus

Satheesh Kumar Dharmarajan, Kottai Muthu
Arumugam.  2012. Comparative
evaluation of flavone from Mucuna
pruriens and coumarin from lonidium
suffruticosum for hypolipidemic activity
in rats fed with high Fat diet. Lipids
Health Dis, 11: 1-6.

Severinsen MT, Kristensen SR, Johnsen SP,
Dethlefsen C, Tjgnneland A, Overvad K.
2009. Anthropometry, body fat and venous
thromboembolism: a Danish follow-up
study. Circulation, 120: 1850-1857.

Shrinivasan K, Viswanad B, Asrat L, Kaul CL,
Ramarao P. 2005. Combination of high-
fat-diet and low-dose steptozotocin-trated
rat: a model for type 2 diabetes and
pharmacological screening. Pharmacol
Res, 52: 313-320.

Simonyi A, He Y, Sheng W, Sun AY, Wood
WG, Weisman GA, Sun GY. 2010.
Targeting NADPH oxidase  and
phospholipases A2 in Alzheimer’s disease.
Mol Neurobiol, 41: 73-86.

Si-Yuan Pan, Shu-Feng Zhou, Si-Hua Gao,
Zhi-Ling Yu, Shuo-Feng Zhang, Min-Ke
Tang, Jian-Ning Sun, Dik-Lung Ma, Yi-
Fan Han, Wang-Fun Fong, Kam-Ming Ko.
2013. New Perspectives on How
toDiscover Drugs from Herbal Medicines:
CAM’s Outstanding Contribution to
Modern Therapeutics: A Review. Evid
Based Complement Alternat Med, 2013:
1-25.

Sowmia C, Kokilavani R. 2007. Antidiabetic
and antihypercholesterolemic effect of
Hemidesmus indicus Linn.R. root in
Alloxan induced diabetic rats. Anc Sci
Life, 26: 4-10.

Srinivasan K. 2005. Plant foods in the
management of diabetes mellitus: Spices
as beneficial antidiabetic food adjuncts. Int
J Food Sci Nutr, 56: 399-414.

Sung Woo Kim, Wonhee Hur, Tian Zhu Li,
Young Ki Lee, Jung Eun Choi, Sung Woo
Hong, Kwang-Soo Lyoo, Chan Ran You,
Eun Sun Jung, Chan Kun Jung, Taesun
Park, Soo-Jong Um, Seung Kew Yoon.
2014. Oleuropein  prevents the
progression of steatohepatitis to hepatic
fibrosis induced by a high-fat diet in mice.
Exp Mol Med, 46: 1-11.

Tapiero H, Tew KD, Nguken BG, Mathe G.
2002. Polyphenols: Do they play a role in
the prevention of human pathologies?
Biomed Pharmacother, 56: 200—207.

Talita Higa S, Acaud Spinola V, Miriam
Fonseca-Alaniz H, Fabiana Sant’Anna
Evangelista. 2014. Comparison between
cafeteria and high-fat diets in the induction
of metabolic dysfunction in mice. Int J
Physiol Pathophysiol Pharmacol, 6: 47—
54,

Veéronique Habauzit, Christine Morand. 2012,
Evidence for a protective effect of
polyphenols-containing foods on
cardiovascular health: an update for
clinicians. Ther Adv Chronic Dis, 3: 87—
106.

Visweswara Rao P, Sujana P, Vijaykanth T,
Nanda Siva Sankar, Vijaya Kumar B,
Dhananjaya Naidu, Gan SH. 2013.
Analysis of the Phytochemical Content
and the Antibacterial, Antifungal and
Antioxidant Activities of the Roots, Stems
and Leaves of Hemidesmus indicus,
Ocimum  sanctum and  Tinospora
cordifolia. Int J Pharmacol, 9: 277-287.

Vijaimohan K, Jainu M, Sabitha KE,
Subramaniyam S, Anandhan C, Shyamala
Devi CS. 2006. Beneficial effects of alpha
linoleic acid rich flax seed oil on growth
performance and hepatic cholesterol
metabolism in high fat diet fed rat. Life
Sci, 79: 448-454,

Zalba G, San JG, MorenoMU, Fortuno A,
Beaumont FJ, Diez J. 2001. Oxidative
stress in arterial hypertension. Role of
NADPH oxidase. Hypertension, 38: 1395-
1399.

AJP, Vol. 6, No. 5, Sep-Oct 2016 525



