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ABSTRACT
The alcoholic and aqueous extract of Caesalpinia crista Linn (Caesalpiniaceae) was evaluated for
protection against isoproterenol (85 mg/kg b.w.) induced myocardial infarction in albino rats. The heart
damage induced by isoproterenol was indicated by elevated levels of the marker enzymes such as
Creatine Kinase-isoenzyme (CK-MB), Lactate dehydrogenase (LDH), Serum Glutamate Oxaloacetic
Transaminase (SGOT) and Serum Glutamate Pyruvate Transaminase (SGPT) in serum with increased
lipid peroxide and reduced glutathione content in heart homogenates. Microscopical examination
(histopathology) was also performed on the myocardial tissue. Pretreatment with an ethanolic and
aqueous extract of Caesalpinia crista Linn at a dose of 400 mg/kg body wt., administered orally for 30
days, reduced significantly (p < 0.01) the elevated marker enzyme levels in serum and heart
homogenates in isoproterenol-induced myocardial infarction. Histopathological observation revealed a
marked protection by the extract in myocardial necrotic damage.
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INTRODUCTION
Myocardial infarction (MI) is caused due to an interruption in blood supply to any part of heart, resulting
in death of cardiac tissue (Myocardial necrosis; MN). Consequences of MI include hyperlipidemia,
peroxidation of membrane lipids and loss of plasma membrane integrity1. Cardiovascular diseases
(CVDs) have a high prevalence in developing and developed countries and MI accounts for majority of
deaths and disabilities2.
Isoproterenol (isoprenaline) (ISO), a synthetic catecholamine and β-adrenergic agonist, has been found
to induce myocardial injury in rat resulting in infarct like necrosis of the heart muscles3. Some of the
mechanisms proposed to explain the Isoproterenol-induced injury to myocardial cells include hypoxia4,
calcium overload5, depletion of energy reserves6 and excessive production of free radicals resulting from
oxidative metabolism of catecholamines7. The pathophysiological and morphologic alterations in the
heart of this non-coronary myocardial necrotic rat model are similar to those taking place in human
myocardial infarction8. Isoproterenolinduced myocardial infarction is considered a well standardized
model to study the beneficial effects of many drugs and cardiac functions9. By studying the biochemical
alterations that take place in an animal model, it is possible to gain more insight into the mechanisms
leading to the altered metabolic process in human MI.
The side effects of medicines currently used to treat myocardial infarction, had led to a growing interest
in establishing the therapeutic potentials of medicinal plants. The use of plant extracts for medicinal
purposes seems to be more natural, cheaper and without side effects. Efforts are now being focused on
the prophylactic and therapeutic effect of many plant extracts with antioxidant activity in reducing
isoprenaline-induced cardiovascular toxicity10,11. Antioxidants not only suppress the formation of ROS
but also have a modulatory effect on the survival and death signaling of ROS12.
Caesalpinia crista Linn. is an important plant that also belongs to the family Caesalpiniaceae. It is a
popular traditional medicinal plant which is widely distributed throughout the tropical and subtropical
regions of Southeast Asia. In hindi, it is known as karanjwa. Seed kernels of this plant have been used as
an antimalarial and anthelminthic. Plants of this family have been reported for various activities,
e.g., Caesalpinia crista is used as tonic for the treatment of rheumatism and backache while Caesalpinia
pulcherrima is applied as abortifacient and emmenagogue. The active constituents of these two species
are mainly diterpenoids, flavonoids and peltogynoids. Some of the constituents of this species are known
to possess antitumor, antimicrobial and antimalarial properties. It is also used as an anthelmentic. Ten
new diterpenes from the Caesalpinia crista from Indonesia and twenty new diterpenes from Myanmar
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have been isolated13. There is an emerging interest in the use of naturally occurring antioxidants for the
management

of a number of pathophysiological conditions,

most of which involve free

radical damage14.

MATERIALS AND METHODS
Chemicals
Isoproterenol hydrochloride was purchased from Sigma chemical company. Diagnostic kits used for the
estimation of marker enzymes CK-MB, LDH, SGOT, SGPT and for plasma profile reagents were
procured from Span Diagnostic Ltd. India. All other biochemical reagents and chemicals were of
analytical grade.
Animals
Healthy Wistar albino rats of either sex weighing between 150-200 g were taken for the study. All
the animals were procured from the Central Animal House of the NIMS University. The animals
were acclimatized by keeping them in the animal house facility of NIMS Institute of Pharmacy,
Jaipur for a week. They were housed in polypropylene (32x24x16 cm) cages containing husk as
bedding material and maintained under controlled conditions of temperature (25±2 oc), humidity
(55±5%) and 12h light and 12h dark cycles. The animals were fed with standard pellet diet and
water ad libitum. Approval of the Institutional Animals Ethics Committee (IAEC) of NIMS Institute
of Pharmacy, Jaipur was taken for conducting cardioprotective activities. (Registration No. IAEC
/NIMS PH/JPR/12/2011)
Plant
Caesalpinia Crista L seeds were collected from local market of Ropar (Punjab) authenticated by
Botanical Department of Rajasthan University, Jaipur, Rajasthan.. The authenticated parts were dried in
shade and powdered coarsely.
Extraction:
Extraction was done according to standard procedures using analytical grade solvents. Coarse
powder of seed of Caesalpinia Crista (150 gm) was soxhlet extracted successively with petroleum ether
and absolute alcohol (at 60o C). The aqueous extract was prepared using 600 g coarse powder by
maceration process. The extracts obtained were concentrated under reduced pressure to yield ethanolic
(13.5%) and the aqueous extracts (18.6 %). Qualitative chemical tests were conducted for ethanolic and
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aqueous extracts of Caesalpinia Crista to identify the various phytoconstituents. The various tests
conducted and observations are recorded.
Cardioprotective ActivityIsoproterenol Induced Myocardial Infarction15-17
Albino Wistar rats either sex were divided into four groups (n = 6). Plant extracts were treated for 30
days. At the end of the treatment period, groups II, III and IV were administered with isoproterenol at a
dose of 85 mg/kg body wt., subcutaneously, twice, at an interval of 24 h.

Groups

Treatment

Group I

Normal Control

Group II

Isoproterenol (IP)

Group III

IP + CCAE

Group IV

IP + CCEE

Estimation of Plasma lipid profile in rats
Plasma total cholesterol (TC), triglycerides (TG) and high density lipoprotein (HDL) were analyzed
using commercially available kits .Very low density lipoproteins (VLDL) and low density lipoprotein
(LDL) were measured.
Estimation of serum enzyme levels in rats
After experimental period blood was withdrawn from the retro orbital sinus, the serum was separated by
centrifugation and was used for the estimation of marker enzymes CK-MB, LDH, SGOT and SGPT
using AGAPPE diagnostic kits.
Animals were sacrificed and heart was isolated and subjected to histopathological studies.
Estimation Cardiac endogenous antioxidants in heart homogenates
Hearts of the animal of each group were removed by dissection, and three hearts from each group were
chosen for lipid peroxide content and glutathione content measurements. Cardiac tissue pieces from
control and treated groups were Weighed and homogenized (10%w/v) in chilled Tris buffer (10 mM,
pH7.4), centrifugedat10,000 g for 20 min in high speed cooling centrifuge. Clear supernatant was used
for assaying lipid peroxidation, superoxide dismutase (SOD), catalase (CAT) and reduced glutathione
(GSH).
Histopathological studies
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Hearts of the animal of each group were removed by dissection. All the groups were subjected to
histopathological studies. The tissues were fixed using a 10% formalin solution in a phosphate buffer.
All hearts were sent to NIMS hospital pathology laboratory for observation of histopathological changes
in hearts

RESULT
Table 1 shows control group recorded the plasma TC (62.84±1.91), TG (46.44±0.98), LDL
(31.99±1.27), VLDL (31.99±1.27), and HDL level (27.8±1.12). Isoproterenol (IP) group recorded
significant increment (P<0.05) in plasma TC (106.31±2.03), TG (116.7±3.29), LDL (91.16±2.04),
VLDL (14.6±0.94), along with a significant decrement in HDL level (13.46±0.78) compared to control
group. CCAE group showed significantly decrement plasma TC (87.45 ±1.5), TG (91.59±2.12), LDL
(67.79±1.80), VLDL (12.46±0.68), along with a significant increased in HDL level (18.67±0.72) when
compared to untreated isoproterenol group.

Ethanolic extract of Caesalpinia Crista (CCAE) +

Isoproterenol treated group showed decrease lipoproteins level except HDL of plasma. CCAE group
showed significantly decrement plasma TC (81.23±1.99), TG (73.82±1.34), LDL (60.34±1.56), VLDL
(10.53±0.54), along with a significant (P<0.01) increased in HDL level (19.38±1.25) when compared to
untreated isoproterenol group.

Table 1: Effect of different extracts on plasma lipid profile in Isoproterenol induced myocardial
infarction in rats.
Group

Total
Cholesterol
(mg/dl)
62.84±1.91

Normal
Control
Isoproterenol 106.31±2.03C

TG
(mg/dl)

HDL
(mg/dl)

LDL
(mg/dl)

VLDL
(mg/dl)

46.44±0.98

27.8±1.12

31.99±1.27

6.98±0.87

116.7±3.29C

13.46±0.78C

91.16±2.04C

14.6±0.94C

CCAE

87.45 ±1.5c

91.59±2.12c

18.67±0.72a

67.79±1.80c

12.46±0.68b

CCEE

81.23±1.99c

73.82±1.34c

19.38±1.25 b

60.34±1.56c

10.53±0.54c

Data were expressed as mean±S.D. (n=6) and analyzed by one way ANOVA followed by dunnets comparison test.
a-(P<0.05), b-(P<0.01), c-(P<0.001) when ISO v/s extracts,
A-(P<0.05), B-(P<0.01), C-(P<0.001) when Normal v/s ISO
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Cardiac Antioxidants
Table 2 shows Isoproterenol treated group recorded significant (P<.001) decrement in cardiac SOD
content (3.22±0.34) and lowered activity level of GSH (2.92±0.13), CAT (2.52±0.24) and GST
(528.6±13.34) when compared to control group.
CCAE treated group showed increased in cardiac SOD content (6.93±0.22) and lowered activity level of
GSH (6.93±0.43), CAT (6.45±0.36) and GST (723.6±14.65) when compared to isoproterenol group.
There was also significant prevention in the reduction of the levels of enzymatic antioxidants SOD
(6.88±0.16), GSH (6.53±0.42), CAT (6.72±0.16), GST (746.2±12.45) by pretreatment of CCEE when
compared with isoproterenol group.

Table 2: Effect of Plants extracts on Cardiac antioxidants levels in Isoproterenol induced
myocardial infarction in rats.
Group

SOD

GSH

CAT

GST

Normal
Control
Isoproterenol

8.51±0.18

8.76±0.35

7.23±0.37

812.3±11.32

3.22±0.34 C

2.92±0.13 C

2.52±0.24 C

528.6±13.34 C

CCAE

5.92±0.42 c

6.21±0.67 b

5.23±0.21 b

696.3±11.42c

CCEE

6.88±0.16 c

6.53±0.42 b

6.72±0.16 c

746.2±12.45c

Data were expressed as mean±S.D. (n=6) and analyzed by one way ANOVA followed by dunnets comparison test.
Unit for SOD: Units/mg protein, GSH: µg/mg protein, CAT: µmol of H2O2/min/mgpr, GST: µmol/min/mgpr
a-(P<0.05), b-(P<0.01), c-(P<0.001) when ISO v/s extracts,
A-(P<0.05), B-(P<0.01), C-(P<0.001) when Normal v/s ISO

Plasma Marker of Cardiac Damage
Table 3 represents the effects of isoproterenol and plants treatment on cardiac marker enzyme including
CK-MB, LDH, AST, ALT and uric acid level in plasma. Plasma marker CK-MB (97.67±8.76), ALT
(52.12±5.45), AST (48.45±6.32), LDH (96.32±8.61) and uric acid (1.44±0.12) in normal control were
recorded in normal control group. The activities of these enzyme marker CK-MB (176.45±10.76), ALT
(155.23±9.32), AST (120.62±5.21), LDH (185.56±4.54) and uric acid (5.12±0.45) were increased
significantly (P<0.001) in isoproterenol treated rats as compared to normal control group rats. CCAE
pretreatment in isoproterenol treated animals significantly (P<0.01) for CK-MB (162.66±9.2) and ALT
(165.12±9.23), (P<0.001) for (AST (78.98±3.52), LDH (156.42±6.87) and uric acid (3.96±0.34)
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decreased cardiac marker enzyme including CK-MB, LDH, AST, ALT and uric acid level when
compared to untreated isoproterenol group. The activities of these enzyme marker CK-MB
(144.87±5.32), ALT (75.56±9.12 2), AST (68.32±6.54), LDH (126.65±6.76) and uric acid (2.54±0.31)
were decreased significantly (P<0.001) in CCEE pretreatment in isoproterenol treated group when
compared to untreated isoproterenol group.

Table 3: Effect of plants extracts on plasma markers of cardiac damage in Isoproterenol induced
myocardial infarction in rats.
Group

CK-MB (IU/L)

Normal
97.67±8.76
Control
Isoproterenol 176.45±10.76C

ALT
(IU/L)
52.12±5.45

AST
(IU/L)
48.45±6.32

LDH
(IU/L)
96.32±8.61

Uric acid
(mg/dl)
1.44±0.12

155.23±9.32C

120.62±5.21C

185.56±4.54C

5.12±0.45C

CCAE

162.66±9.21 b

165.12±9.23 b

78.98±3.52c

156.42±6.87 c

3.96±0.34 c

CCEE

144.87±5.32 c

75.56±9.12 c

68.32±6.54c

126.65±6.76 c

2.54±0.31 c

Data were expressed as mean±S.D. (n=6) and analyzed by one way ANOVA followed by dunnets comparison test.
a-(P<0.05), b-(P<0.01), c-(P<0.001) when ISO v/s extracts,
A-(P<0.05), B-(P<0.01), C-(P<0.001) when Normal v/s ISO

Histopathological Study of Cardiac Tissue
HE staining of cardiac tissue from normal control rats showed histoarchitecture of myofibers that
characteristically multinucleated and there is no visible necrotic damage to the myocytes. However,
extensive myocytes membrane damage, myonecrosis, fibroblastic proliferation and infiltration of
inflammatory cells was observed in isoproterenol

group. IP treated rats showed large pale yellow

coloration was suggestive of necrosis. However, IP+ aqueous extract of Caesalpinia Crista and
ethanolic extract of Caesalpinia Crista showed relatively less disruption of myofibers and mild muscle
separation with few inflammatory cells.

DISCUSSION
Myocardial Infarction (MI) is a major public health concern and common presentation of ischemic heart
disease. It is a clinical syndrome arising from sudden and persistent curtailment of myocardial blood
supply resulting in necrosis of the myocardium. Isoproterenol-induced myocardial infarction is a
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standardized model to study the beneficial effects of many drugs and antioxidants. ISO produced
reactive oxygen species (ROS) via its auto-oxidation and subsequently produced oxidative stress. Higher
level of catecholamines depletes the energy reserve of cardiac muscle cells, leading to complex
biochemical and structural changes that cause irreversible cellular damage and ultimately necrosis18.

Fig.1. (A) Photomicrograph showing normal architecture of normal rat heart. (B) Photomicrograph of rat heart to
isoproterenol induced focal myonecrosis with myopahgocytosis and lymphatic infiltration. Vacuolar changes and oedema are
prominent with chronic inflammatory cells visible. (C) Photomicrograph of rats heart of aqueous extract Caesalpinia Crista
treated groups showing lesser degree of myonecrosis and infiltration of inflammatory cells. (D) Photomicrograph of rats
heart of ethanolic extract Caesalpinia Crista respectively treated groups showing also lesser degree of myonecrosis and
infiltration of inflammatory cells and showed healthy myofibers. (H X E).

Several mechanisms of isoproterenol induced myocardial infarction have been reported. Isoproterenol
acts both on β1 and β2 adrenoceptors, activation of which leads to positive inotropic and chronotropic
effects. Thus, isoproterenol produces relative ischemia due to myocardial hyperactivity and coronary
hypotension19. Other probable mechanisms include increased cyclic adenosine monophosphate ,
increased intracellular Ca++ overload, depletion of high energy phosphate stores and oxidative stress.
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Increased generation of cytotoxic free radicals, due to the auto-oxidation metabolic products of
isoproterenol, is one of the well recognized mechanisms of isoproterenol induced myocardial necrosis.
Isoproterenol, upon auto-oxidation produces quinones which react with oxygen to produce superoxide
anion (O2 −) and H2O2. The production of superoxide radical results in secondary formation of H2O2
and hydroxyl radical (•OH)20.
In the present study, with the focus on the protective effects of aqueous and ethanolic extracts of
Caesalpinia Crista pre-treatment improve against isoproterenol induced myocardial infarction in rats. It
showed that pre-treatment with of these indigenous plants could prevent myocardial infarction induced
by ISO in the rats. Free radical scavenging enzymes such as SOD, catalase and GPx are the first line of
cellular defense system against oxidative stress, eliminating reactive oxygen radicals such as superoxide
and hydrogen peroxide and preventing the formation of more deteriorating hydroxyl radicals.
The equilibrium between antioxidants and free radicals is an important process for the effective removal
of oxidative stress in intracellular organelles. However, in pathological conditions like myocardial
infarction, the generation of reactive oxygen species can dramatically disturb this balance with an
increased demand of the antioxidant defense system

21

. As discussed earlier, isoproterenol auto-

oxidation leads to generation of enormous amounts of reactive oxygen species. These reactive oxygen
species may attack any type of molecules, but their main target appears to be polyunsaturated fatty acids
(PUFAs) within membranes forming peroxyl radicals. These radicals then attack adjacent fatty acids
within membranes causing a chain reaction of lipid peroxidation 22.
In the present study isoproterenol administration resulted in marked elevation in SOD, catalase and GPx
and GST. Activities of antiperoxidative enzymes (SOD and catalase) were decreased significantly in the
heart tissue of isoproterenol injected animals. SOD is a class of enzymes, which catalyses the
dismutation of two superoxide radicals to form hydrogen peroxide and molecular oxygen. In the present
study, It was observed a decreased concentration of GSH in the heart and decreased activities of
glutathione dependant enzymes such as GPx and GST in the heart of isoproterenol injected rats. GSH, a
tripeptide, is one of the most abundant non-enzymatic antioxidant bio molecules present in the body23
Cytosolic enzymes CK-MB, LDH, AST, ALT and uric acid which serve as the diagnostic markers leak
out from the damages tissue to blood stream when cell membrane becomes permeable or rupture. The
amount of these cellular enzymes in serum reflects the alterations in plasma membrane integrity and/or
permeability 24,25.
Lipids play an important role in cardiovascular diseases, not only by way of hyperlipidemia and the
development of atherosclerosis, but also by modifying the composition, structure and stability of the
IJRPS 3(1) JANUARY-MARCH 2013

Page 127

Sharma Rajesh Kumar et al. IJRPS 2013, 3(1), 119-130
cellular membranes. Isoproterenol administration raised total cholesterol, TG, LDL cholesterol, VLDL
and decreased HDL cholesterol level in the serum of Group II animals. Interestingly, treatment with
aqueous and ethanolic extracts of Caesalpinia Crista reversed the effects of isoproterenol.
Further, histopathological findings confirmed the induction of myocardial infarction by isoproterenol
and the protection rendered by extracts treatment to the cardiac muscle (Fig. 1). Histopathological
examination of myocardial tissue in control illustrated clear integrity of the myocardial cell membrane
and no inflammatory cell infiltration was observed. Isoproterenol injected rats showed coagulative
necrosis, separation of cardiac muscle fibers and infiltration of inflammatory cells. The reduced
inflammatory cell infiltration and normal cardiac muscle fiber architecture further confirmed the
cardioprotective effect of

plant extracts. The active constituents of

Caesalpinia Crista mainly

diterpenoids, flavonoids, peltogynoids and other polyphenolic compound could be beneficial due to their
antioxidant properties .

REFERENCES
1. Krushna G, Kareem MA, Devi KL. Antidyslipidaemic effect of Aegle marmelos Linn. fruit on
isoproterenol induced myocardial injury in rats. Internet J Pharmacol 2009;6:2.
2. Agarwal VK, Basannan DR, Sinh RP, Dutt M, Abraham D, Mustafa MS. Coronary risk factors
in a rural community. Indian J Public Health 2006;50:19–23.
3. Wexler BC. Myocardial infarction in young vs old male rats; pathophysiologic changes. Am.
Heart J. 1978; 96:70–80.
4. Yeager JC and Iams SG. The hemodynamics of isoproterenol-induced cardiac failure in rats.
Circ Shock 1981; 8:151–163.
5.

Bloom S and Davis DL. Calcium as a mediator of isoproterenol-induced myocardial necrosis.
Am J Pathol 1971; 69:459–470.

6. Fleckenstein A, Janke J, Doring HJ and Leder O. Myocardial fiber necrosis due to intracellular
calcium overload. A new principle in cardiac pathophysiology. 1974; 563–580.
7. Acikel M, Buyukokuroglu ME, Aksoy H et al. Protective effects of melatonin against myocardial
injury induced by isoproterenol in rats. J. Pineal. Res 2003; 35:75–9 (abstract).
8. Nirmala C and Puvanakrishnan R. Effect of curcumin on certain lysosomal hydrolases in
isoproterenol-induced myocardial infarction in rats. Biochem. Pharmacol 1996; 51:47–51.

IJRPS 3(1) JANUARY-MARCH 2013

Page 128

Sharma Rajesh Kumar et al. IJRPS 2013, 3(1), 119-130
9.

Devika PT and Stanely Mainzen Prince P. Protective effect of (-)-epigallocatechin-gallate
(EGCG) on lipid peroxide metabolism in isoproterenol induced myocardial infarction in male
Wistar rats: a histopathological study. Biomed. Pharmacother 2008; 62(10):701-708.

10. Prashee AP, Trivedi PC, Nigade PBet al. Cardioprotective effect of Azadirachta indica A. Juss.
on isoprenaline induced myocardial infarction in rats. Int. J. Cardiol 2008; 126:123–6.
11. Panda VS and Naik SR. Cardioprotective activity of Ginkgo biloba Phytosomes in
isoproterenol-induced myocardial necrosis in rats: a biochemical and histoarchitectural
evaluation. Exp Toxicol Pathol 2008; 60:397-404.
12. Ulrich-Merzenich G, Zeitler H, Vetter H and Kraft K. Synergy research: vitamins and secondary
plant components in the maintenance of the redox-homeostasis and in cell signaling.
Phytomedicine 2009; 16:2-16.
13. Naresh Singh Gill, Ramandeep Kaur, Rashmi Arora and Manoj Bali. Phytochemical
Investigation of Caesalpinia crista Seed Extract for their Therapeutic Potential. Research Journal
of Medicinal Plant,2012; 6: 100-107.
14. Gill,

N.S.,

P.

Sharma,

J.

Bajwa,

K.

Dhiman,

S

et

al. Study

on Cucumis

melo var. utilissimus seeds for the therapeutic potential. J. Plant Sci. 2010; 5: 248-255.
15. Vogel GH. Drug Discovery and Evaluation, Pharmacological Assays, Springer-Verlag, Berlin,
Heidelberg, 2nd ed, 2002; pp211,213 397,697.
16. Naik SR, PandaVS. Cardioprotective activity of Polyherbal extracts in experimental myocardial
necrosis in rodents: an evidence of antioxidant activity. J Compl Integr Med 2008;5:35.
17. Vaibhav Patel, Aman Upaganlawar, Rishit Zalawadia et al. Cardioprotective effect of melatonin
against isoproterenol induced myocardial infarction in rats: A biochemical, electrocardiographic
an histoarchitectural evaluation. European Journal of Pharmacology. 2010; 644:160–168.
18. Rona G. Catecholamine cardiotoxicity. J Mol Cell Cardiol 1985;17:291–300.
19. Yeager, J.C., Iams, S.G.. The haemodynamics of isoproterenol induced cardiac failure in rats.
Circ. Shock. 1981; 81:151–163.
20. Rajadurai, M., Prince, P.S.M. Preventive effect of naringin on lipid peroxides and antioxidants in
isoproterenol-induced cardiotoxicity in Wistar rats: biochemical and histopathological evidences.
Toxicology. 2006; 228:259–268.
21. Singal, P.K., Kapur, N., Dhillon, K.S. et al. Role of free radicals in catecholamine induced
cardiomyopathy. Can. J. Physiol. Pharmacol. 1982; 60:1390–1397.

IJRPS 3(1) JANUARY-MARCH 2013

Page 129

Sharma Rajesh Kumar et al. IJRPS 2013, 3(1), 119-130
22. Priscilla, D.H., Prince, P.S.M. Cardioprotective effect of gallic acid on cardiac troponin-T,
cardiac marker enzymes, lipid peroxidation products and antioxidants in experimentally induced
myocardial infarction in Wistar rats. Chem. Biol. Interact. 2009; 179:118–124.
23. Upaganlawar, A., Gandhi, C., Balaraman, R. Effect of green tea and vitamin E combination in
isoproterenol induced myocardial infarction in rats. Plant Foods Hum. Nutr. 2009; 64:75–80.
24. Senthil Kumar H, Anandan R, Santhosh Kumar M. Cardioprotective effect of Picorrhiza kurrooa
against isoproterenol induced myocardial stress in rats. Fitotherapia. 2001; 72: 402.
25. Medine-Benchekor S, Brousseau T, Richard F et al.Blood lipid concentrations and risk of
myocardial infarction. Lancet. 2001; 358: 1064-1065.

IJRPS 3(1) JANUARY-MARCH 2013

Page 130

