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Abstract
Background:  Hyperlipidemia is a disorder characterized by the increase in blood lipoprotein or cholesterol levels. Caesalpinia bonduc
(family: Caesalpiniaceae) is medicinal plants with significant pharmacologic activity. Materials  and Methods:  Fruits of Caesalpinia bonduc
were used to prepare aqueous (AQ-CBF), ethanolic (ET-CBF) and petroleum ether extract (PE-CBF). Hyperlipidemia was induced in male
Sprague-Dawley rats (180-220 g) by administering them with High fat Diet (HFD, 58% fat) for 60 days. Rat were either concomitantly
administered orally with vehicle or AQ-CBF (100, 200 and 400 mg kgG1) or ET-CBF (100, 200 and 400 mg kgG1) or  PE-CBF (100, 200 and
400 mg kgG1) for 60 days. Various biochemical parameters were evaluated in  serum.  Results:   Concomitant  administration of AQ-CBF
(400 mg kgG1), ET-CBF (200 and 400 mg kgG1) and PE-CBF (400 mg kgG1) showed significant inhibition in HFD induced elevated serum
triglyceride (TG), Total Cholesterol (TC), Low Density Lipoproteins (LDL-C), Very Low Density Lipoproteins (VLDL-C), LDL to HDL ratio and
atherogenic index as compared to HFD control group. Decreased High Density Lipoproteins (HDL-C) level was significantly increased by
AQ-CBF (400 mg kgG1), ET-CBF (200 and 400 mg kgG1) and PE-CBF (400 mg kgG1) treatment as compared to HFD control group.
Conclusion:  ET-CBF and PE-CBF improved the serum lipid profile in rats by decreasing serum TC, TG, LDL-C and increasing serum HDL-C,
thus improving the atherogenic index. This finding provides some biochemical basis for the use of C. bonduc  as hypolipidemic agent
having preventive and curative effect against hyperlipidemia.
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INTRODUCTION

The term hyperlipidemia refers to the elevated lipid levels
in the body including high cholesterol and high triglyceride
levels1,2. The pathophysiology of primary hyperlipidemia
involve that the idiopathic hyperchylomicronemia defect in
lipid metabolism leads to hypertriglyceridemia and
hyperchylomicronemia which is caused by a defect in
lipoprotein lipase activity or the absence of the surface
apoprotein CII3,4. In secondary hyperlipidemia, the
postprandial absorption of chylomicrons from the
gastrointestinal tract occurs 30-60 min after ingestion of a
meal containing fat that may increase serum triglycerides for
3-10 h5.

Worldwide  around  30%  of  the  deaths  has  been
occurred  due  to  cardiovascular  diseases  (CVD)6,7  and  the
risk factor associated with it includes hypertension,
hypercholesterolemia, diabetics and obesity8,9. It has been
projected that the number of hypercholesterolemia individual
would be increase two fold by 202510.

Research carried out over a decade’s showed that not
only total serum cholesterol but also different lipoproteins is
responsible for lipid associated disorders11,12. The major role of
Low Density Lipoproteins (LDL) is to transport of cholesterol
towards tissue with atherogenic potential whereas, High
Density Lipoproteins (HDL) conduct cholesterol towards the
liver from peripheral tissues hence HDL consider as protective
lipoproteins against many cardiac problems and obesity13.

Animal models played important role in the development
of various therapeutic moieties against various diseases14-20.
Induction of hyperlipidemia in rats by feeding them with High
Fat Diet (HFD) is well established animal model used for
evaluation of antihyperlipidemic potential of various drugs21,22.
The HFD induced hyperlipidemia is associated with elevated
HDL-C levels in rodents23, non human primates24 and in
humans also25.

Currently available pharmacotherapy for hyperlipidemia
includes agents like statin, fibrates, niacin, bile acids, ezitimibe
etc. which has an ability to reduce cholesterol level with
different condition26. However, these therapeutic moieties are
associated with a number of side effects including
hyperuricemia, diarrhoea, nausea, myositis, gastric irritation,
flushing, dry skin and abnormal liver function which leads to
limit their usage27.

Therapeutic moieties from plant source have been
explored from ancient times. It consider as the major
constitute of raw materials source in drugs for treating various
ailments of human being28-33. Herbal medicine consist of an
array of biochemical moieties including saponins, tannins,
essential oils, flavonoids, alkaloids, etc. which have curative

potential34-42. In many traditional and folklore medicine plant
have been utilized for the treatment of hyperlipidemia.
Caesalpinia bonduc  (Nata Karanja) (family: Caesalpiniaceae)
is one of such medicinal plants with significant pharmacologic
activity43,44. It is abundantly present in the hotter parts of India,
Burma and Sri Lanka45. It’s having an wide range of
pharmacological potential including anti-inflammatory,
analgesic, antibacterial, antidiarrhoeal, antipyretic,
antidiabetic, anticarcinogenic, antifungal, immunomodulatory,
insecticidal, anxiolytic and antioxidant properties. The aim of
present study was to investigate hypolipidemic properties of
Caesalpinia bonduc  in a model of hyperlipidemia induced by
HFD in Sprague-Dawley rats.

MATERIALS AND METHODS

Drugs  and  chemicals:  The  HFD  (60  kcal  %  fat,  #  D12492,
5.24   kcal   gG1)   was   purchased   from   Research   Diet   Inc.,
New Brunswick, NJ, USA. Cholesterol, triglyceride, HDL-C and
LDL-C kits were purchased from Accurex Biomedical Pvt. Ltd.,
Mumbai, India. Petroleum ether (60:80) and diethyl ether were
purchased from Merck, India.

Collection of plant material: The fresh fruits of the plant
Caesalpinia bonduc  were collected from Satpuda region of
Maharashtra, India. The plant was identified and authenticated
by Professor L. K. Kshirsagar, Taxonomist, Department of
botany, S.S.V.P.S’s L. K. Dr. Ghogre Science College, Dhule,
North Maharashtra University, Jalgaon. A specimen of same
has been submitted to the herbarium of division.

Preparation of aqueous, ethanolic and petroleum ether
extract: Fruits of Caesalpinia bonduc were cleaned to remove
dirt and cut into small pieces and dried in shade. Fruits pieces
are crushed in a grinder and pulverized into fine powder. This
powdered material (500 g) was passed through 40 mesh and
macerated with petroleum ether (60:80) at room temperature
and filtered. The filtrate was evaporated. The yield obtained
were 2.1% w/w, respectively. The remaining marc was
extracted with 70% ethanol using Soxhlet extractor. The
extract  was  concentrated  in  vacuum  evaporator  below
40EC. The yield obtained were 12.8% w/w, respectively.
Furthermore, the remaining marc was macerated with distilled
water at room temperature for 7 days and filtered. The filtrate
was dried on tray dryer at 60EC. The yield obtained were
21.5% w/w, respectively. The semi-solid petroleum extract was
emulsified with 2% Tween-80 in distilled water and powder of
aqueous and ethanolic extract was dissolved in distilled water
to prepare the drug solution of concentration of 10 mg mLG1

and used for pharmacological studies.
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Preliminary phytochemical screening: The preliminary
phytochemical analysis for aqueous extract of Caesalpinia
bonduc  fruit (AQ-CBF), ethanolic extract of Caesalpinia
bonduc fruit (ET-CBF) and petroleum ether extract of
Caesalpinia bonduc  fruit (PE-CBF) was carried out for the
alkaloid (Mayer’s, Hager’s, Dragendorff’s and Wagner’s test),
flavonoids (Shinoda test), steroids (Salkowski, Liberman-
Burchard, Libermann’s test), carbohydrate, phenolic
compounds, glycosides and volatile oils46-48.

Experimental animals: Male Sprague-Dawley rats (180-220 g)
were obtained from college animal house of R.C. Patel Institute
of Pharmaceutical Education and Research, Shirpur, India.
They were housed in well ventilated cages and maintained at
controlled temperature of 22±2EC with a 12 h light/dark cycle
and standard lab control. All animals had free access to food
during experiments under strict hygienic conditions. Tap
water was offered ad libitum. Institutional Animal Ethical
Committee of RCPIPER College, Shirpur approved the study
protocol (IAEC/RCPIPER/2012-13/09).

Acute oral toxicity study: Acute toxicity was studied in rats to
determine safe oral dose of drugs. For this we followed
Organization for Economic Co-operation and Development
(OECD) guidelines No. 425 ‘Up and Down’ method of
Committee for the Purpose of Control and Prevention of
Experiments on Animals (CPCSEA)49.

Development of high fat diet fed rats: Rat was fed with two
dietary regimes such as Normal Pellet Diet (NPD) and High Fat
Diet (HFD). The rat was feeding either NPD or HFD (58% fat,
25% protein and 17% carbohydrate, as a percentage of total
kcal) ad libitum, respectively, for the initial period of 60 days.
The composition and preparation of HFD as were described
elsewhere22.

Experimental design: The studies were conducted in the
following groups of animals.

Group 1 : Normal rats: Received vehicle (10 mg kgG1 of 2%
Tween-80 in distilled water)

Group 2 : HFD control: Received vehicle (10 mg kgG1 of 2%
Tween-80 in distilled water)

Group 3 : AT (1.2): Received atorvastatin (1.2 mg kgG1)
Group 4 : AQ-CBF (100): Received aqueous extract of

Caesalpinia bonduc fruit (100 mg kgG1)
Group 5 : AQ-CBF (200): Received aqueous extract of

Caesalpinia bonduc fruit (200 mg kgG1)

Group 6 : AQ-CBF (400): Received aqueous extract of
Caesalpinia bonduc fruit (400 mg kgG1)

Group 7 : ET-CBF (100): Received ethanolic extract of
Caesalpinia bonduc fruit (100 mg kgG1)

Group 8 : ET-CBF (200): Received ethanolic extract of
Caesalpinia bonduc fruit (200 mg kgG1)

Group 9 : ET-CBF (400): Received ethanolic extract of
Caesalpinia bonduc fruit (400 mg kgG1)

Group 10 : PE-CBF (100): Received petroleum ether extract of
Caesalpinia bonduc fruit (100 mg kgG1)

Group 11 : PE-CBF (200): Received petroleum ether extract of
Caesalpinia bonduc fruit (200 mg kgG1)

Group 12 : PE-CBF (400): Received petroleum ether extract of
Caesalpinia bonduc  fruit (400 mg kgG1)

Vehicle or atorvastatin or drugs were administered orally
for 60 consecutive days. After end of treatment, rats were
fasted overnight and, after 24 h they were sequentially
anesthetized with anesthetic ether for about 30-40 sec. The
blood was withdrawn by retro orbital puncture. Each blood
sample was collected into separate vials for the determination
of serum parameters.

Preparation of serum samples and biochemical estimations:
The serum was separated by centrifugation using an
Eppendorf cryocentrifuge (model No. 5810, Eppendorf,
Hamburg, Germany), maintained at 4EC and run at a speed of
7000 rpm for 15 min. The levels of High-Density Lipoprotein
(HDL), Low-Density Lipoprotein (LDL), triglyceride (TG) and
Total Cholesterol (TC) were measured by a spectrophotometer
(UV‒visible spectrophotometer, Jasco V-530, Tokyo, Japan)
using commercially available reagent kits according to
procedure provided by manufacturer (Accurex Biomedical Pvt.
Ltd., Mumbai, India)50-56.

Statistical analysis: All statistical analysis was performed
using GraphPad Prism 6.0 (GraphPad Software, Inc, La Jolla,
CA, USA). Data of body weight and biochemical
measurements was analyzed by separate One-way ANOVA
followed by Dunnett’s test separately for each parameter. A
value of p<0.05 was considered to be statistically significant.

RESULTS

Preliminary phytochemical screening: PE-CBF showed the
presence of steroids and volatile oils. ET-CBF showed the
presence of glycosides, flavonoids, tannins, steroids and
phenolic compounds. The AQ-CBF showed the presence of
glycosides, flavonoids, tannins and phenolic compounds
(Table 1).
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Table 1: Phytochemical analysis of AQ-CBF, ET-CBF and PE-CBF
Tests AQ-CBF ET-CBF PE-CBF
Carbohydrate
Molish test + - -
Reducing sugar
Fehling’s test + + -
Benedict’s test + + -
Monosaccharides
Barfode’s test - - -
Proteins
Biuret’s test - - -
Millon’s test - - -
Protein containing sulphur - - -
Protein containing tyrosine and tryptophan
Xanthoprotein test - - -
Amino acid
Ninhydrine test - + -
Tannins and phenol
Ferric chloride test - + -
Lead acetate - + -
Potassium permanganate - + -
Glycosides
Cardiac glycosides
Legal’s test + + -
Keller killani test + + -
Anthraquinone glycosides
Test MI-ALC MI-AQE SI-ALC
Borntragers’s test - - -
Saponins
Foam test + + -
Flavonoids
Shinoda test + + -
Alkaloids
Mayer’s test - - -
Wagner’s test - - -
Hager’s test - - -
Dragendroff’s test - - -
Steroids
Salkowaski test + - +
Liberman-Burchard reaction + - +
Libermann’s test + - +
+: Positive test, -: Negative test, AQ-CBF: Aqueous extract of Caesalpinia bonduc
fruit, ET-CBF: Ethanolic extract of Caesalpinia bonduc fruit, PE-CBF: Petroleum
ether extract of Caesalpinia bonduc  fruit

Acute oral toxicity study: AQ-CBF, ET-CBF and PE-CBF were
found to be safe up to the dose of 5000 mg kgG1 p.o. No
mortality or any toxic reactions were observed up to the end
of the study period (Table 2).

Effect of AQ-CBF and PE-CBF on HFD-induced alteration in
body weight, serum lipid profile and atherogenic index of
rats: There was significant increased (p<0.001) in the body
weight of the HFD control rats as compared to the normal
group. However, increased in the body weight was
significantly decreased (p<0.05) by treatment with AQ-CBF
(400 mg kgG1) as well as PE-CBF (400 mg kgG1) treatment as
compared to HFD control rats. Administration of atorvastatin
(1.2 mg kgG1) also showed significant inhibition (p<0.001) in
HFD induced increased in body weight as compared to HFD
control rats (Table 3).

When compared with normal rats, HFD control rats
showed significantly increased (p<0.001) triglyceride,
cholesterol, LDL-C, VLDL-C, LDL to HDL ratio and atherogenic
index whereas HDL-C level was decreased significantly
(p<0.001).  Administration  of  AQ-CBF  (400  mg  kgG1)   and
PE-CBF (400 mg kgG1) showed significant inhibition (p<0.05)
in HFD induced alterations in triglyceride, cholesterol, HDL-C,
LDL-C and VLDL-C whereas LDL to HDL ratio and atherogenic
index   were   significantly   decreased   (p<0.001)   by    AQ-CBF

Table 2: Acute toxicity study of AQ-CBF, ET-CBF and PE-CBF
Dose (mg kgG1, p.o)
-------------------------------------------------------------------------------

Extracts 175 550 1750 2000 5000
AQ-CBF 0 0 0 0 0
ET-CBF 0 0 0 0 0
PE-CBF 0 0 0 0 0
0: Alive, AQ-CBF: Aqueous extract of Caesalpinia bonduc fruit, ET-CBF: Ethanolic
extract of Caesalpinia bonduc fruit, PE-CBF: Petroleum ether extract of
Caesalpinia bonduc  fruit

Table 3: Effect of AQ-CBF, ET-CBF and PE-CBF on HFD-induced alteration in body weight, serum lipid profile and atherogenic index of rats
Treatments Body Triglycerides Cholesterol Atherogenic
(mg kgG1) weight (g) (mg %) (mg %) HDL-C (mg %) LDL-C (mg %) VLDL-C (mg %) LDL:HDL index
Normal 234.8±4.78 81.90±4.34 71.42±3.65 60.49±2.09 27.34±2.12 16.38±0.86 0.45±0.04 0.18±0.05
HFD control 350.8±6.85### 327.1±18.60### 168.9±5.29### 43.40±2.40### 64.99±1.16### 65.42±3.72### 1.52±0.10### 2.94±0.19###

AT (1.2) 276.3±11.77*** 131.2±8.74*** 88.64±4.32*** 56.21±2.19*** 34.43±3.38*** 26.25±1.74*** 0.61±0.05*** 0.59±0.11***
AQ-CBF (100) 340.8±7.88 319.8±21.21 161.6±8.73 47.09±1.96 60.22±2.75 63.95±4.24 1.28±0.06 2.47±0.25
AQ-CBF (200) 322.3±6.23 249.3±25.48 151.0±4.29 47.48±3.34 55.38±2.07 49.87±5.09 1.21±0.13* 2.25±0.24
AQ-CBF (400) 315.3±9.74* 230.0±23.39* 138.0±4.41* 52.62±1.87* 55.89±2.14 45.99±4.67* 1.06±0.05*** 1.63±0.10***
ET-CBF (100) 336.3±6.79 315.2±22.07 156.8±6.62 48.93±1.02 56.56±2.22 63.04±4.41 1.15±0.02** 2.21±0.18
ET-CBF (200) 295.2±6.16*** 213.5±19.61** 137.4±5.13** 54.95±0.92** 51.16±2.82** 42.70±3.92** 0.92±0.03*** 1.49±0.06***
ET-CBF (400) 256.0±11.29*** 170.7±24.36*** 123.4±9.17*** 56.60±0.99*** 39.16±2.14*** 34.14±4.87*** 0.69±0.04*** 1.19±0.18***
PE-CBF (100) 334.0±4.21 302.9±28.94 147.8±6.73 46.50±1.95 62.04±1.73 60.59±5.78 1.34±0.06 2.21±0.22
PE-CBF (200) 326.0±5.60 269.2±20.63 147.9±9.19 50.39±2.74 54.64±1.77* 53.84±4.12 1.10±0.06** 2.01±0.29**
PE-CBF (400) 306.3±7.06* 235.1±16.85* 141.2±6.49* 52.04±2.25* 54.91±2.93* 47.02±3.37* 1.07±0.09*** 1.73±0.15***
Data is expressed as Mean±SEM and analyzed by one-way ANOVA followed by Dunnett’s post tests, ###p<0.001 as compared with normal group, *p<0.05, **p<0.01,
***p<0.001 as compared with HFD control group. HFD: High fat diet, AT (1.2): Atorvastatin (1.2 mg kgG1, p.o.) treated, AQ-CBF: Aqueous extract of Caesalpinia bonduc
fruit, ET-CBF: Ethanolic extract of Caesalpinia bonduc  fruit, PE-CBF: Petroleum ether extract of Caesalpinia bonduc  fruit (n = 6)
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(400 mg kgG1) and PE-CBF (400 mg kgG1) treatment as
compared to HFD control rats. Atorvastatin (1.2 mg kgG1)
treatment also showed significant inhibition (p<0.001) in the
HDM induced alterations in triglyceride, cholesterol, HDL-C,
LDL-C, VLDL-C, LDL to HDL ratio and atherogenic index as
compared to HFD control group (Table 3).

Effect of ET-CBF on HFD-induced alteration in body weight,
serum lipid profile and atherogenic index of rats: The HDF
induced increased in the body weight was significantly
decreased  (p<0.001)  by  treatment  with  ET-CBF  (200  and
400 mg kgG1) treatment as compared to HFD control rats.
Administration of ET-CBF (200 and 400 mg kgG1) showed
significant and dose dependant inhibition (p<0.01 and
p<0.001) in HFD induced alterations in triglyceride,
cholesterol, HDL-C, LDL-C, LDL to HDL ratio and atherogenic
index as compared to HFD control group. The elevated VLDL-C
level was significantly decreased by ET-CBF (400 mg kgG1)
treatment as compared to HFD control rats (Table 3).

DISCUSSION

Hyperlipidemia is a result of elevated cholesterol that
caused increased oxidative stress with serum LDL levels which
in turn increased risk for atherosclerosis development57.
Cholesterol is the main sterol in animal tissues and it is an
important precursor for the synthesis of steroid hormones and
vitamin D. Due to its rigid planar structure it’s played vital role
in stabilization of membrane structures. High level of
cholesterol is associated with cardiovascular disease
particularly Coronary Heart Disease (CHD)58. It has an ability to
forms the basis for plaque lining the arteries. In the present
study administration of HFD caused significant increased in
the  level  of  serum  cholesterol  whereas,  administration  of
AQ-CBF  (400  mg  kgG1),  ET-CBF  (200  and  400  mg  kgG1)  and
PE-CBF (400 mg kgG1) showed significant inhibition in HFD
induced elevated serum cholesterol level.

The HMG CoA reductase is an important rate determining
enzyme in cholesterol biosynthesis and it has been reported
that diet with saturated fatty acids has an ability to increases
the activity of HMG CoA reductase. It may be due to higher
availability of acetyl CoA, which stimulated the
cholesterogenesis rate. Lipoproteins involved in this process
include cholesterol carried by Very Low Density Lipoproteins
(VLDL), remnant lipoproteins and Low Density Lipoproteins
(LDL)59. It is also associated with down regulation in LDL
receptors leads to elevation of serum LDL-C levels via inducing
alterations in hepatic LDL receptor activity as well as the LDL-C

production rate60. Furthermore, transesterification of
cholesterol, the maturation of HDL-C and the flux of
cholesterol from cell membranes into HDL has been carried
out by lecithin cholesterol O-acyltransferase (LCAT) enzyme
and this enzyme activity has been reported to decreased in
HFD  induced  hypercholesterolemia61.  Decreased  level  of
HDL-C may resulted in inhibition of ‘reverse cholesterol
transport’ i.e. transport of TG or cholesterol from serum to liver
thus its catabolised and excreted out of the body has been
decreased which in turn elevates the level of TG and LDL-C in
serum. The HFD administration is associated with elevated TG
and LDL-C along with decreased HDL-C levels22. The result of
present study is in line with the findings of previous
investigators22.     However,     administration     of     AQ-CBF
(400 mg kgG1), ET-CBF (200 and 400 mg  kgG1)  and  PE-CBF
(400 mg kgG1) significantly inhibited HFD induced alterations
in TG, LDL-C and HDL-C levels.

Atherogenic index is used as hallmark to assess the
susceptibility of atherogenesis. In the present investigation
atherogenic index was markedly increased in HFD control rats
whereas AQ-CBF (400 mg kgG1), ET-CBF (200 and 400 mg kgG1)
and PE-CBF (200 and 400 mg kgG1) treatment significantly
decreased atherogenic index.

Previous  studies  exploring  the  effect  of  alcoholic
extract of C. bonduc in antihyperglycemic as well as
antihyperlipidemic effects on STZ-induced diabetes mellitus
in rats which may be due to it antioxidants property attributes
to presence of glycosides, flavonoids and phenolic
compounds in it62.

CONCLUSION 

Result of present study revealed that the ethanolic extract
and petroleum ether extract of C. bonduc  improved the
serum lipid profile in rats by decreasing serum triglyceride
(TG),  Total  Cholesterol  (TC),  LDL-C  and  increasing  serum
HDL-C, thus improving the atherogenic index. This finding
provides some biochemical basis for the use of C. bonduc  as
hypolipidemic agent having preventive and curative effect
against hyperlipidemia. However, further investigation on
isolation, purification and characterization of the bio-active
phytomolecule is needed to explore the exact mechanism of
action of the C. bonduc  extracts.

REFERENCES

1. Guo, F., C. Huang, X. Liao, Y. Wang and Y. He et al., 2011.
Beneficial   effects   of   mangiferin   on   hyperlipidemia   in
high-fat-fed hamsters. Mol. Nutr. Food Res., 55: 1809-1818.

5



Pharmacologia 7 (1): 1-8, 2016

2. Braamskamp, M.J.A.M., F.A. Wijburg and A. Wiegman, 2012.
Drug therapy of hypercholesterolaemia in children and
adolescent. Drugs, 72: 759-772.

3. Rohilla, A., N. Dagar, S. Rohilla, A. Dahiya and A. Kushnoor,
2012.   Hyperlipidemia-A   deadly   pathological   condition.
Int. J. Curr. Pharm. Res., 4: 15-18.

4. Gosavi,   T.P.,   V.S.   Kumar,   A.D.   Kandhare,   A.A.   Zanwar,
M.V. Hegde and S.L. Bodhankar, 2014. A comprehensive
metaanalysis and systematic review on effect of genistein on
metabolic syndrome. Pharmacologia, 5: 120-126.

5. Shivakumar,  V.,  A.D.  Kandhare,  A.R.  Rajmane,  M.  Adil  and
P. Ghosh et al., 2014. Estimation of the long-term
cardiovascular events using ukpds risk engine in metabolic
syndrome  patients. Indian J. Pharmaceut. Sci., 76: 174-178.

6. Reddy, K.S., 2007. India wakes up to the threat of
cardiovascular diseases. J. Am. Coll. Cardiol., 50: 1370-1372.

7. Ghosh,   P.,   A.D.   Kandhare,   K.S.   Raygude,   V.S.   Kumar,
A.R. Rajmane, M. Adil and S.L. Bodhankar, 2012.
Determination of the long term diabetes related
complications and cardiovascular events using UKPDS risk
engine and UKPDS outcomes model in a representative
western   Indian   population.   Asian   Pac.   J.   Trop.   Dis.,
2012: S642-S650.

8. Gosavi, T.P., P. Ghosh, A. Kandhare and S.L. Bodhankar, 2011.
Unwrapping homeopathic principles in the wake of research:
Serendipity, placebo or true therapeutic milestones?
Pharmacologyonline, 1: 894-906.

9. Gosavi,  T.P.,  A.D.  Kandhare,  K.S.  Raygude,  P.  Ghosh  and
S.L. Bodhankar, 2011. A comparative study on the efficacy,
safety  and  cost  effectiveness  of  Viscum  album  and
Rauwolfia serpentina mother tincture in hypertensive
patients. Deccan J. Nat. Prod., 2: 29-35.

10. Kearney,    P.M.,   M.   Whelton,   K.    Reynolds,   P.   Munter,
P.K. Whelton and J. He, 2005. Global burden of hypertension:
Analysis of worldwide data. Lancet, 365: 217-223.

11. Badole, S.L., S.M. Chaudhari, G.B. Jangam, A.D. Kandhare and
S.L. Bodhankar, 2015. Cardioprotective activity of Pongamia
pinnata in streptozotocin-nicotinamide induced diabetic rats.
BioMed Res. Int. 10.1155/2015/403291

12. Ghule,  A.E.,  A.D.  Kandhare,  S.S.  Jadhav,  A.A.  Zanwar  and
S.L. Bodhankar, 2015. Omega-3-fatty acid adds to the
protective effect of  flax lignan concentrate in pressure
overload-induced myocardial hypertrophy in rats via
modulation of oxidative stress and apoptosis. Int.
Immunopharmacol., 28: 751-763.

13. Sathivel, A., H.R.B. Raghavendran, P. Srinivasan and T. Devaki,
2008. Anti-peroxidative and anti-hyperlipidemic nature of
Ulva lactuca crude polysaccharide on D-galactosamine
induced hepatitis in rats. Food Chem. Toxicol., 46: 3262-3267.

14. Adil, M., A. Visnagri, V.S. Kumar, A.D. Kandhare, P. Ghosh and
S.L. Bodhankar, 2014. Protective effect of naringin on sodium
arsenite induced testicular toxicity via modulation of
biochemical perturbations in experimental rats.
Pharmacologia, 5: 222-234.

15. Aswar, U.M., A.D. Kandhare, V. Mohan and P.A. Thakurdesai,
2015.  Anti-allergic  effect  of  intranasal  administration  of
type-a procyanidin polyphenols based standardized extract
of cinnamon bark in ovalbumin sensitized BALB/c mice.
Phytother. Res., 29: 423-433.

16. Gosavi,  T.P.,  P.  Ghosh,  A.D.  Kandhare,  V.S.  Kumar,  M.  Adil,
A.R. Rajmane and S.L. Bodhankar, 2012. Therapeutic effect of
H. pylori  nosode, a homeopathic preparation in healing of
chronic  H.  pylori  infected  ulcers  in  laboratory  animals.
Asian Pac. J. Trop. Dis., 2: S603-S611.

17. Gosavi, T.P., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2012. Anticonvulsant activity of Argentum metallicum, a
homeopathic preparation. Der Pharmacia Lettre, 4: 626-637.

18. Goswami,  S.,  A.  Kandhare,  A.A.  Zanwar,  M.V.  Hegde  and
S.L. Bodhankar et al., 2014. Oral L-glutamine administration
attenuated    cutaneous   wound   healing   in   wistar   rats.
Int. Wound J., (In Press). 10.1111/iwj.12246 

19. Kandhare, A.D., K.S. Raygude, P. Ghosh and S.L. Bodhankar,
2011. The ameliorative effect of fisetin, a bioflavonoid, on
ethanol-induced and pylorus ligation-induced gastric ulcer in
rats. Int. J. Green Pharm., 5: 236-243.

20. Kandhare,  A.D.,  K.S.  Raygude,  P.  Ghosh,  T.P.  Gosavi  and
S.L. Bodhankar, 2011. Patentability of animal models: India
and the globe. Int. J. Pharm. Biol. Arch., 2: 1024-1032.

21. Kumar,    V.,    S.    Singh,    A.K.    Khanna,    M.M.    Khan    and
R. Chander et al., 2008. Hypolipidemic activity of
Anthocephalus  indicus  (kadam)  in  hyperlipidemic  rats.
Med. Chem. Res., 17: 152-158.

22. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Prophylactic efficacy and possible
mechanisms of oligosaccharides based standardized
fenugreek seed extract on high-fat diet-induced insulin
resistance in C57BL/6 mice. J. Applied Pharma. Sci., 5: 35-45.

23. Nevin, K.G. and T. Rajamohan, 2009. Wet and dry extraction of
coconut oil: Impact on lipid metabolic and antioxidant status
in cholesterol coadministered rats. Can. J. Physiol. Pharmacol.,
87: 610-616.

24. Stucchi,   A.F.,   L.K.  Hennessy,  D.B.  Vespa,  E.J.  Weiner  and
J. Osada et al., 1991. Effect of corn and coconut oil-containing
diets with and without cholesterol on high density
lipoprotein apoprotein A-I metabolism and hepatic
apoprotein A-I mRNA levels in cebus monkeys. Arterioscler.
Thrombosis Vasc. Biol., 11: 1719-1729.

25. Katan, M.B., P.L. Zock and R.P. Mensink, 1994. Effects of fats
and  fatty  acids  on  blood  lipids  in  humans:  An  overview.
Am. J. Clin. Nutr., 60: 1017S-1022S.

26. Durrington, P., 2003. Dyslipidaemia. Lancet, 362: 717-731.
27. Rosenthal, T. and N. Nussinovitch, 2008. Managing

hypertension in the elderly in light of the changes during
aging. Blood Pressure, 17: 186-194.

6



Pharmacologia 7 (1): 1-8, 2016

28. Kandhare,    A.D.,    J.    Alam,    M.V.K.    Patil,    A.    Sinha    and
S.L. Bodhankar, 2015. Wound healing potential of naringin
ointment formulation via regulating the expression of
inflammatory, apoptotic and growth mediators in
experimental rats. Pharmaceut. Biol., (In Press).
10.3109/13880209.2015.1038755 

29. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Effect of glycosides based
standardized fenugreek seed extract in bleomycin-induced
pulmonary   fibrosis   in   rats:   Decisive   role   of   Bax,   Nrf2,
NF-6B,  Muc5ac,  TNF-"  and  IL-1$.  Chemico-Biol.  Interact.,
237: 151-165.

30. Kandhare,  A.D.,  S.L.  Bodhankar,  V.  Singh,  V.  Mohan  and
P.A. Thakurdesai, 2013. Anti-asthmatic effects of type-A
procyanidine  polyphenols  from  cinnamon  bark  in
ovalbumin-induced airway hyperresponsiveness in laboratory
animals. Biomed. Aging Pathol., 3: 23-30.

31. Kandhare,  A.D.,  P.  Ghosh,  A.E.  Ghule,  G.N.  Zambare  and
S.L. Bodhankar, 2013. Protective effect of Phyllanthus amarus
by modulation of endogenous biomarkers and DNA damage
in acetic acid induced ulcerative colitis: Role of phyllanthin
and hypophyllanthin. Apollo Med., 10: 87-97.

32. Kandhare, A.D., V.S. Kumar, M. Adil, A.R. Rajmane, P. Ghosh
and S.L. Bodhankar, 2012. Investigation of gastro protective
activity  of  Xanthium  strumarium  L.  by  modulation  of
cellular and  biochemical   marker.   Orient.   Pharmacy   Exp. 
 Med., 12: 287-299.

33. Kandhare, A.D., M.V. Patil and S.L. Bodhankar, 2015. L-arginine
attenuates the ethylene glycol induced urolithiasis in
ininephrectomized hypertensive rats: Role of KIM-1, NGAL
and NOs. Renal Fail., 37: 709-721.

34. Harborne, A.J., 1998. Phytochemical Methods a Guide to
Modern  Techniques  of  Plant  Analysis.  3rd  Edn.,  Springer,
New York, USA., pp: 40-137.

35. Kandhare,  A.D.,  K.S.  Raygude,  P.  Ghosh,  A.E.  Ghule   and
S.L. Bodhankar, 2012. Neuroprotective effect of naringin by
modulation of endogenous biomarkers in streptozotocin
induced painful diabetic neuropathy. Fitoterapia, 83: 650-659.

36. Kandhare,  A.D.,  K.S.  Raygude,  P.  Ghosh,   A.E.  Ghule  and
S.L. Bodhankar, 2012. Therapeutic role of curcumin in
prevention of biochemical and behavioral aberration induced
by alcoholic neuropathy in laboratory animals. Neurosci. Lett.,
511: 18-22.

37. Kumar, V.S., A.R. Rajmane, M. Adil, A.D. Kandhare, P. Ghosh
and S.L. Bodhankar, 2014. Naringin ameliorates acetic acid
induced   colitis   through   modulation   of   endogenous
oxido-nitrosative balance and DNA damage in rats. J. Biomed.
Res., 28: 132-145.

38. Patil, A., A. Guru, A. Mukhrjee, A. Sengupta and S. Sarkar et al.,
2015. Elucidation of gastro-protective activity of Morin in
pylorus ligation induced gastric ulcer via modulation of
oxidative stress. Der Pharmacia Lettre, 7: 131-139.

39. Raygude, K.S., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2012. Anticonvulsant effect of fisetin by modulation of
endogenous     biomarkers.     Biomed.     Preventive     Nutr.,
2: 215-222.

40. Saraswathi,  K.Y.,  A.  Muthal,  A.  Kandhare,  S.  Rojatkar  and
S.  Bodhankar,  2014.  Study  of  methanolic  extract  of
Artemisia pallens  wall on endurance of laboratory animals.
Pharmacologia, 5: 298-309.

41. Sarkar,  S.,  A.  Sengupta,  A.  Mukhrjee,  A.  Guru,   A.   Patil,
A.D. Kandhare and S.L. Bodhankar, 2015. Antiulcer potential
of morin in acetic acid-induced gastric ulcer via modulation
of endogenous biomarkers in laboratory animals.
Pharmacologia, 6: 273-281.

42. Visnagri, A., A.D. Kandhare and S.L. Bodhankar, 2015.
Renoprotective effect of berberine via intonation on
apoptosis and mitochondrial-dependent pathway in renal
ischemia    reperfusion-induced    mutilation.    Renal    Fail.,
37: 482-493.

43. Kumari,  K.  and  K.T.  Augusti,  2007.  Lipid  lowering  effect  of
S-methyl cysteine sulfoxide from Allium cepa  Linn in high
cholesterol diet fed rats. J. Ethnopharmacol., 109: 367-371.

44. Son, I.S., J.H. Kim, H.Y. Sohn, K.H. Son, J.S. Kim and C.S. Kwon,
2007. Antioxidative and hypolipidemic effects of diosgenin,
a    steroidal    saponin    of    yam    (Dioscorea    spp.),    on
high-cholesterol   fed   rats.   Biosci.   Biotechnol.   Biochem.,
71: 3063-3071.

45. Shelar, P.A., Y.D. Mandavkar, A.S. Khedkar, M.B. Thorat and
V.N. Raje, 2014. Review on pharmacology and phytochemistry
of Caesalpinia bonduc. J. Curr. Pharma Res., 4: 1309-1317.

46. Kandhare, A.D., K.S. Raygude, P. Ghosh, A.E. Ghule, T.P. Gosavi,
S.L. Badole and S.L. Bodhankar, 2012. Effect of hydroalcoholic
extract of Hibiscus rosa sinensis Linn. leaves in experimental
colitis in rats. Asian Pac. J. Trop. Biomed., 2: 337-344.

47. Patil, M.V.K., A.D. Kandhare and S.D. Bhise, 2012. Anti-arthritic
and Anti-inflammatory activity of Xanthium srtumarium  L.
ethanolic extract in freund’s complete adjuvant induced
arthritis. Biomed. Aging Pathol., 2: 6-15.

48. Patil, M.V.K., A.D. Kandhare and S.D. Bhise, 2012.
Pharmacological evaluation of ethanolic extract of Daucus
carota Linn root formulated cream on wound healing using
excision and incision wound model. Asian Pac. J. Trop.
Biomed., 2: S646-S655.

49. Kandhare,     A.D.,     S.L.     Bodhankar,     V.     Mohan     and
P.A. Thakurdesai, 2015. Acute and repeated doses (28 days)
oral toxicity study of glycosides based standardized
fenugreek seed extract in laboratory mice. Regul. Toxicol.
Pharmacol., 72: 323-334.

50. Visnagri,  A.,  A.D.  Kandhare,  S.  Chakravarty,  P.  Ghosh  and
S.L. Bodhankar, 2014. Hesperidin, a flavanoglycone attenuates
experimental diabetic neuropathy via modulation of cellular
and biochemical marker to improve nerve functions.
Pharmaceut. Biol., 52: 814-828.

7



Pharmacologia 7 (1): 1-8, 2016

51. Visnagri, A., A.D. Kandhare, P. Ghosh and S.L. Bodhankar,
2013. Endothelin receptor blocker bosentan inhibits
hypertensive cardiac fibrosis in pressure overload-induced
cardiac hypertrophy in rats. Cardiovasc. Endocrinol., 2: 85-97.

52. Visnagri,  A.,  A.D.  Kandhare,  V.S.  Kumar,  A.R.  Rajmane  and
A.  Mohammad  et  al.,  2012.  Elucidation  of  ameliorative
effect  of  co-enzyme  Q10  in  streptozotocin-induced
diabetic neuropathic perturbation by modulation of
electrophysiological, biochemical and behavioral markers.
Biomed. Aging Pathol., 2: 157-172.

53. Adil, M., A.D. Kandhare, A. Visnagri and S.L. Bodhankar, 2015.
Naringin ameliorates sodium arsenite-induced renal and
hepatic  toxicity  in  rats:  Decisive  role  of  KIM-1,  Caspase-3,
TGF-$ and TNF-". Renal Failure, 37: 1396-1407.

54. Honmore,   V.,   A.   Kandhare,   A.A.    Zanwar,    S.    Rojatkar,
S. Bodhankar and A. Natu, 2015. Artemisia pallens alleviates
acetaminophen induced toxicity via modulation of
endogenous biomarkers. Pharmaceut. Biol., 53: 571-581.

55. Kamble,  H.,  A.D.  Kandhare,  S.  Bodhankar,  V.  Mohan   and
P. Thakurdesai, 2013. Effect of low molecular weight
galactomannans from fenugreek seeds on animal models of
diabetes mellitus. Biomed. Aging Pathol., 3: 145-151.

56. Kandhare, A.D., P. Ghosh and S.L. Bodhankar, 2014. Naringin,
a flavanone glycoside, promotes angiogenesis and inhibits
endothelial apoptosis through modulation of inflammatory
and growth factor expression in diabetic foot ulcer in rats.
Chemico-Biol. Interact., 219: 101-112.

57. Chander, R., N.K. Kapoor and C. Singh, 1988. Lipid
peroxidation of hyperlipemic rat serum lipoproteins in
chronic ethanol and acetaldehyde administration. J. Biosci.,
13: 269-274.

58. Berteri, R.A., 2003. Risk of coronary artery heart disease.
Health Screen, 1: 28-29.

59. Kandhare, A.D., P. Ghosh, A.E. Ghule and S.L. Bodhankar, 2013.
Elucidation of molecular mechanism involved in
neuroprotective effect of Coenzyme Q10 in alcohol-induced
neuropathic pain. Fundm. Clin. Pharmacol., 27: 603-622.

60. Kandhare,  A.D., K.S. Raygude, V.S. Kumar, A.R. Rajmane and
A. Visnagri et al.,  2012. Ameliorative effects quercetin against
impaired motor nerve function, inflammatory mediators and
apoptosis in neonatal streptozotocin-induced diabetic
neuropathy in rats. Biomed. Aging Pathol., 2: 173-186.

61. Raygude,  K.S.,  A.D.  Kandhare,  P.  Ghosh,  A.E.  Ghule   and
S.L. Bodhankar, 2012. Evaluation of ameliorative effect of
quercetin in experimental model of alcoholic neuropathy in
rats. Inflammopharmacology, 20: 331-341.

62. Jana, K., K. Chatterjee, T.K. Bera, S. Maiti, D. De, K.M.  Ali  and
D. Ghosh, 2010. Antihyperglycemic and antihyperlipidemic
effects of hydro-methanolic extract of seed of Caesalpinia
bonduc in streptozotocin induced diabetic male albino rat.
Int. J. PharmTech. Res., 2: 2234-2242.

8


