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Abstract

The present study was carried out to evaluate cardioprotective effect of ethanolic extract of Mormodical charantial in
isoproterenol ( 1SO) induced myocardial infarction( MI) in Wistar rats. The ethanolic extract of the plant of Mormodical
charantial and standard drug, metoprolol were prepared in normal saline and then administered orally to rats at the doses of 250
and 100mg/kg body weight ( b.wt) respectively for a period of thirty days .ISO was freshly prepared in normal saline and was then
used to induce MI by intraperitoneal injection at the dose of 100mg/kg to Wistar rats on the 30th day. Serum lipid profile
and cardiac marker enzymes such as creatine phosphokinase (CK-MB) Isoenzyme, lactate dehydrogenase (LDH), alanine
transaminase (ALT)and aspartate (AST) were obtained in the serum and in the heart homogenate of the experimental rats and
then measured calorimetrically. The results show that isoproterenol-induced myocardial infarction were associated with
significant (p<0.05) increase in the activities of cardiac marker enzymes such as AST, ALT, CK-MB and LDH in the serum
with concomitant decreases in the activities of these enzymes in the myocardial tissue as compared to control group. There
were also significant  (p<0.05) increases in serum level of total cholesterol (TC) ,triglyceride(TG), low density
lipoprotein(LDL) and very low density lipoprotein(\VLDL) in the group injected with isoproterenol ( group ii) as compared
with control group . Pretreatment with leaf extract of Mormodical charantial at a dose of 250mg\kg b.wt and also by Metoprolol
at dose 100 mg/kg body weight significantly (p<0.05) prevented alteration of both the lipid profile and the activities of these
cardiac marker enzymes both in the serum and myocardial tissue as compared to isopreterenol-induced control group.

Mormodical charantial possesses cardioprotective and hypocholesterolemic effects.

Keywords: cardioprotective, isoproterenol, hypocholesterolemic metoprolol

INTRODUCTION

Myocardial infarction ( MI) is a diseased condition that occurs
when myocardiac tisssue oxygen demand exceeds oxygen
supply and is one of the most fatal manifestations of
cardiovascular diseases ( Mohanty et al 2004). MI is a
complex phenomenon affecting the mechanical, electrical,
structural and biochemical properties of the heart.(Petrich et al
1996). Globally, myocardial infarction (MI) is one of the
leading causes of death for both men and women arising from
changes in the lifestyles in developing countries (Rajadurai
and Prince 2007). Isoproterenol-induced MI serves as a well-
standardised model because the pathophysiological changes
that occurs upon administration of isoproterenol mimic that of
human MI. (Harada et al 1993)

Although modern drugs are effective in preventing
cardiovascular disorders, their use is often restricted because
of their specific toxicities to tissue (Rajadurai and Prince
2007). Herbal medicine has been in use worldwide for the
treatment, control and management of a variety of ailments
since prehistoric times (Griggs, 1981; Kinghorn and
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Balandrin, 1993; and Kong et al., 2003). This practice has
gained more grounds because of the ready availability of
plants, very low cost of preparation and the crave to avoid the
side effects of drugs. One of such plants used in the
management of a variety of ailments since prehistoric times is
Mormodical charantia. Though several of its medicinal values
had been reported, more work still needs to be done to add to
the wealth of knowledge of this plant., Momordica charantia
is a climber belonging to family Cucurbitaceae, is commonly
known as bitter gourd or bitter melon in English. Many of the
medicinal values of Mormodical charantia had been reported

by researchers all over the world incuding;
Hypocholesterolemic  and  anti-oxidant  potential
Immunomodulatory activity , Hypotensive and anti

prothrombin activities , Analgesic and antinflammatory
activites, and Antimalarial activity (Jayasooriya et al., 2000;
Noguchi et al., 2001; Ahmed et al., 2001, Leung et al. 1987,
Wang and Ng2001b, Biswas et al., 1991;Choi et al., 2002 and
Kohler and coauthors 2002)). Other acclaimed medicinal
properties of the plant include, Antipsoriasis , Anti-HIV
activity and Anticancer activity .(Takemoto et al., 1982b, ;
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Lee-Huang et al., 1995a,b; Huang et al., 1999,and Basch et al.,
2003;). (rearrange the references in by citing old ones before
the recent ones) The present study was carriedout to evaluate
the cardioprotective effect of ethanolic leaf extract of
Mormodical charantial in isoproterenol induced myocardial
infarction in wistar rats with reference to  serum, tissues
biomarker enzymes and lipid profile.

MATERIAL AND METHODS

Collection and identification of plant material: Fresh leaves
of Caesalpiniabonduc were collected in June 2007, from
Igueben in Igueben Local Government Area of Edo
State,Nigeria. It was identified and authenticated by Ugbogu
O.A. and Shasanya O.S. of the Forest Research Institute of
Nigeria (FRIN), Ibadan. The plant specimen was deposited
at the FRIN Herbarium.

Chemicals: Isoproterenol and adenosine triphosphate were
obtained from Sigma Chemical Company, St. Louis,MO,
USA, and all other chemicals used were of analytical grade.

Processing & Extraction of crude powdered sample: The
fresh leaves were air dried and the dried material was ground
into powder wusing an electric blender (pyeUnicam,
Cambridge, England). The powdered plant ( 60g) material was
extracted with 90% ethanol using Soxhlet apparatus . Dried
ethanolic extracts were obtained after removing the solvent by
evaporation under reduced pressure using Rotary evaporator.
The extract was stored in an air-tight container and kept in the
refrigerator at 4°C until further analyses.

Animals: Swiss albino mice weighing 25-30 g and adult, Wistar
rats weighing 200-250 g were procured from the Animal House,
Department of Pharmacology, Faculty of Pharmacy,
University of Ibadan. Food and water were provided ad
libitum. Animals were exposed to controlled environmental
temperature (28+ 2°C), relative humidity (504 5%) and 12-
hour light or dark. The handling procedures were conducted
in accordance with the Faculty of Pharmacy, University of
Benin Ethical committee on experimental animals. The
animals were also allowed two weeks under these conditions
to acclimatize before the commencement of the experiments.

Acute Toxicity Studies: Acute oral toxicity (AOT) of
Mormodical charantial was determined using Swiss albino mice
in a method described by Lorke, 1983. The animals were
fasted for 12 hours (overnight) prior to the experiment. The
animals were divided into five groups of five animals each
and were administered with single dose of extracts dissolved in 5
% tragacanth orally at doses of 1, 2, 4,8 and 12g/kg body weight.
The animals were observed for mortality up to 48 hour (acute) and
for another 14 days for subchronic toxicities.

Drugs usage: Isoproterenol drug used for the study was
freshly prepared in saline at dose of 100 mg/kg body weight
before each experiment. The standard drug metoprolol and
the plant extract were prepared at doses of 100 and 250 mg/kg
body weight respectively.

Cardioprotective Activity: The rats were divided into five
groups, each group consisting of six animals.
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Group 1: (Control) received only saline daily for a period of
30days.

Group 2: (Isoproterenol—induced) received saline daily for a
period of 30 days and freshly prepared Isoproterenol at a dose of
100mg/kg body weight intraperitoneally on the 30th day.

Group 3: (Standard) received standard drug metoprolol at a
dose of 100 mg/kg body weight orally for a period of 30 days
and freshly prepared Isoproterenol at a dose of 100mg/kg body
weight intraperitoneally on the 30th day.

Group 4: Received ethanolic leaf extract of M. charantial (250
mg/kg orally) for a period of 30 days and freshly prepared
Isoproterenol at a dose of 100mg/kg body weight
intraperitoneally on the 30 day .

After 24 hours of the last treatment, all the animals were
anaesthesized with chloroform and blood was collected via
cardiac puncture.  The blood was put into plain sample tubes
and sera was obtained from it by allowing it to stand for 2hrs at
room temperature before centrifuging at 2000rpm . The serum
was used for estimation of various biochemical parameters. The
heart was dissected, immediately washed in ice-cold saline
and a homogenate was prepared in 0.1 MTris-HCI buffer (pH
7.4).The homogenate was centrifuged and the supernatant was
used for the assay of tissue marker enzymes.

Biochemical Analysis: The serum Total Cholesterol (TC) was
determined by the method of Searcy and Berquist (1960),
High Density Lipoprotein Cholesterol (HDL-C) and Low
Density Lipoprotein Cholesterol (LDL-C) were determined
by the method of Friedwald et al. (1972) and Very Low
Density Lipoprotein Cholesterol (VLDL-C) level was
calculated using formula. Triglyceride (TG) was by the
method of Tiez (1990)

Marker Enzymes Analysis: The activities of aspartate
aminotransferase (AST), alanine aminotransferase (ALT)
were measured spectrophotometrically by utilizing the method
of Reitman and Frankel (Reitman and Franke1957), lactate
dehydrogenase (LDH) by the method of King,(1965). Creatine
kinase Isoenzyme (CK-MB) activities were estimated using
TECO diagnostics kits by the method of Szasz, 1976.

Statistical analysis: Statistical analysis of the results was done
by one way analysis of variance (ANOVA) using SPSS software
followed by Dunnet’s comparison test for significance.
Significance was set at (p<0.05). Results are presented as Mean+
standard diviation , MSD.

RESULTS

There were significant (p<0.05) increases in serum levels of
TC, TG, LDL and VLDL in the group injected with
isoproterenol ( group ii) as compared with control (Table 1).
Pretreatment with leaf extract of Mormodical charantial at a
dose of 250mg\kg b.wt. and also by Metoprolol at a dose of
100 mg/kg body weight significantly (P < 0.05) decrease
serum level of TG, TC, VLDL and LDL without significant
changes in the level of HDL( Table 1).
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Table 1:

The effect of ethanolic leaf extracts of Mormodical charantial on serum lipid profile in isoproterenol-induced myocardiac

infarction in Wistar rats

Group Treatment Total Triglyceride High Density Low Density Very Low Density
Cholesterol (mg\dL) Lipoprotein Lipoprotein Lipoprotein
(mg\dL) (mg\dL) (mg\dL) (mg\dL)
1 Control 72.67+8.37 10.13+0.81 24.3+4.31 46.35+4.04 1.95+0.17
2 Isoproterenol ~ 87.76+£8.41*  30.88+4.242 24.22+5.23 57.39+4.13%® 5.92+0.85?
(100mg/kg)
3 Metoprolol 64.55+3.19  8.100+1.33° 25.13+5.95 43.49+1.52° 1.47+0.18°
(100 mg/kg)
4 ELEMC
(250mg/kQg) 65.93+7.73° 6.67+0.39° 26.65+4.77 37.97+2.95% 1.27+0.08°
+
Isoproterenol
(250mg/kg)

Data is expressed as Mean £SD for the six animals in each group

ap<0.05 Compared with control (Group i)

®p<0.05 Compared with isopreterenol —induced group control (Group 2)

ELEMC = Ethanolic Leaf Extract of M. charantial

Table 2.

The effect of ethanolic leaf extracts of Mormodical charantial on the activities of serum cardiac biomarker enzymes in

isoproterenol-induced myocardiac infarction in Wistar rats

Group Treatment Creatine Kinase Isoenzyme Lactate Alanine Aspartate
(TU\L) Dehydrogenase Transaminase Transaminase
IU\L) IU\L) IU\L)
1 Control 236.93+6.77 92.28+5.27 17.99+3.41 27.2615.83
2 Isoproterenol 452.01+14.582 186.54+8.062 31.05+3.282 76.37+£10.192
(100mg/kQg)
3 Metoprolol (100  76.04+9.55% 127.3045.65% 25.64+1.902 56.47+5.13%
mg/kg)
4 ELEMC
(250mg/kg) +  231.91+10.68° 105.51+8.82 ° 15.59+3.14° 36.69+2.93°
Isoproterenol
(250mg/kQg)

Data is expressed as Mean £SD for the six animals each group
@p<0.05 Compared with control ( group i)

bp<0.05 Compared with isopreterenol —induced group control ( group 2)

In this present study, isoproterenol-induced myocardiac
infarction was demonstrated to be associated with significant
(p<0.05) increase in the activities of cardiac marker enzymes
such as AST, ALT, CK-MB and LDH in the serum with
concomitant decrease in the activities of these enzymes in the
myocardial tissue as compared to control group (Table ii and
iii). Pretreatment with leaf extract of Mormodical charantial
at a dose of 250mg\kg b.wt and also by Metoprolol at dose
100 mg/kg body weight significantly  (p<0.05) prevented
alteration of the activities of these cardiac marker enzymes
both in the serum and myocardial tissue as compared to
isopreterenol-induced control group (Tables 2 and 3).

DISCUSSION

Cardiovascular diseases (CVDs) such as hypertension and
myocardial infarction (MI) are the leading cause of mortality
in developing countries (Rajadurai and Prince 2007, Latunde-
Dada, 1990). Isopreterenol —induced myocardial infarction
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serves as one of the most general model to study the effect of
drugs and plant extracts on cardiac function because the
pathophysiological changes that occurs upon administration of
isoproterenol mimic that of human myocardial infarction .(
Harada et al 1993) . Induction of myocardial infarction
through administration of Isopreterenol has been reported to
accompany free radical generation which activates adenylate
cyclase action leading to enhanced cAMP production (Barman
et al., 2013). It also causes the elevation of serum enzymes
like  Creatine  kinase isoenzyme (Ck-MB), lactate
dehydrogenase (LDH) and Aspartate transaminase(AST) and
lipid profile. These parameters act as diagnostic markers to
determine the severity of myocardial infarction (Dianita et al.,
2015). These enzymes leakage from cardiomyocytes into the
bloodstream are as a result of severe myocardium stress and
necrosis of the heart muscles. Cardiac muscle is susceptible to
this stress because of its low levels of free- radical
detoxifying enzymes or molecules (Jaffe et al., 2006, Koti et
al 2008).
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Table 3

The effect of ethanolic leaf extracts of Mormodical charantial on the activities of tissue cardiac biomarker enzymes in

isoproterenol-induced myocardiac infarction in Wistar rats

Group Treatment Creatine Kinase Isoenzyme Lactate Alanine Aspartate
(TU\L) Dehydrogenase Transaminase Transaminase
IU\L) 1U\L) IU\L)

1 Control 42.38+2.52 137.53+4.42 32.71+1.97 55.42+4.00

2 Isoproterenol  31.34+1.492 104.83+7.732 24.1142.952 30.54+1.572
(100mg/kg)

3 Metoprolol (100 37.19+2.66% 123.00+4.36% 24.73+2.492 44.45+2 .44ab

mg/kg)

4 ELEMC
(250mg/kg) +  41.18+1.48° 133.78+4.32° 31.28+1.34° 47.58+2.07%
Isoproterenol
(250mg/kg)

Data is expressed as Mean £SD for the six animals each group
ap<0.05 Compared with control ( group i)

®p<0.05 Compared with isopreterenol —induced group control ( group 2)

In this study, intraperitoneal administration of Isopreterenol

at a dose of 100mg\kg b.wt. led to significant (p<0.05) increase
in the level of serum lipids (TG, TC,LDL-C) when compared
to control (Table i). The increase in lipid profile could be as
aresult of Isopreterenol —induced free radical generation that
activate adenylate cyclase action which in turn led to enhanced
CAMP production.
.This indicates Isopreterenol —induced cAMP production
might be interfering with biosynthesis of cholesterol and
triglyceride. Hypercholesterolemia and its accumulation in
the heart tissues have been identified as a primary risk factor
in the development of cardiovascular damage. This implies
that reduction in the serum levels is associated with reducing
risk of CVD (Onyeneke et al., 2008, Salter and White 1996).
The value of total cholesterol does not give the ideal
arteriosclerotic status of an individual as the HDL cholesterol
contributes to high total cholesterol level. Rather , the ratio of
serum LDL cholesterol to serum HDL cholesterol is the best
indicator of the arteriosclerotic status of an individual. The
lower the ratio, the lower risk (Udoh,1998). Increase in the
serum TG level also leads to increase in the synthesis of
cholesterol since Cholesterol is synthesized from long chain
fatty acid (component of trigyceride) in the liver. (Richards
et al., 1989; Kanter et al., 1985).

Pretreatment with leaf extract of Mormodical charantial at
a dose of 250mg\kg b.wt. and also by Metoprolol at a dose of
100 mg/kg body weight significantly (P < 0.05) caused
decreases jn serum levels of TG, TC, VLDL and LDL
without significant changes in the level of HDL( Tablei). The
mechanism of TG and cholesterol lowering effect of the
extract might be attributed to inhibitory acitivity of
lipopropein lipase , triglyceride lipase and cholesterol acyl
transferase .The inhibition of lipoprotein lipase and
triglyceride lipase could lead to decrease in TG hydrolysis
(Jahn et al., 1985). Cholesterol acyl transferase is the enzyme
responsible for acylation of cholesterol to cholesterol ester in
liver (Matsuda, 1994). These enzymes are associated with
hypertriglyceridemia (Kanter et al., 1985; Richards et
al.,1989).

The serum enzymes, Ck-MB , LDH, AST and ALT serve as
sensitive indices to assess severity of myocardial ischemia .
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Creatine kinase (CK) also known as creatine phosphokinase
(CPK) is an enzyme expressed by various tissues and cell
types (Wallimann et al., 1994). Creatine kinase catalyzes the
conversion of creatine and adenosine triphosphate (ATP) to
create phosphocreatine (PCr) and adenosine diphosphate
(ADP). A lactate dehydrogenase (LDH or LD) is an enzyme
found in nearly all living cells , it catalyzes the reversible
conversion of pyruvates to lactate (Van Eerdet al., 1996). The
enzyme is also expressed in various tissues like the heart ,
RBC (red blood cells), brain, kidneys, placenta, liver and
pancreas. ALT catalyzes the convertion of alanine and
glutamate to alpha ketoglutarate and pyruvate while AST
Catalyzes the conversion of aspartate and glutamate to alpha
ketoglutarate and  oxaloacetate. ALT although initially
believed to be specific for the liver has recently been shown to
also be associated with endothelial dysfunction and
atherosclerosis  (Schindheim et al 2007). AST is also found
in other tissues such as red blood cells, the cardiac tissue and
the skeletal muscle. Therefore tissues specificity and catalytic
activity of these enzymes make them valuable tools for
evaluating tissue damage.( Sivakumer et al., 2007)

In this present study, isoproterenol-induced myocardiac
infarction was demonstrated to be associated with significant
(p<0.05) increase in the activities of cardiac marker enzymes
such as AST, ALT, CK-MB and LDH in the serum with
concomitant decrease in the activities of these enzymes in the
myocardial tissue as compared to control group(Tables ii and
iii). The release may reflect alterations in the membrane
integrity and permeability as a response to B-adrenergic
stimulation. ( Nivethetha et al., 2009). These findings are
consistent with previous works (Nivethatha et al.,
2009,Gomathi et al., 2014). Pretreatment with leaf extract of
Mormodical charantial at a dose of 250mg\kg b.wt and also
by Metoprolol at a dose of 100 mg/kg body weight
significantly (p<0.05) prevented alteration of the activities of
these cardiac marker enzymes both in the serum and
myocardial tissue as compared to isopreterenol-induced
control group(Tables ii and iii) . The cardioprotective effect of
leaf extract of Mordical charantial is probably related to
membrane-stabilizing action. The decrease in the activities of
cardiac enzymes in the serum of rats induced with
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isopreterenol and also the increase in the tissue of induced rats
may account for the cardial protective effect of Mormodical
charantial .Further study might be required to unfold the
mechanism of action of Mordical charantial.

Acknowledgement

The authors are grateful to the Department of Pharmaceutical
Chemistry, Faculty of Pharmacy, University of Benin, for the use of
their research laboratory . We also acknowledge the technical help
of Prof. P.O. Udia, Dept. of Biochemisry, University of Benin, Benin
City, Nigeria

REFERENCES

Ahmed, I., Lakhani, M.S., Gillett, M., John, A., and Raza, H.,
(2001). Hypotriglyceridemicand hypocholesterolemic
effects of anti-diabetic Momordicacharantia (karela) fruit
extract in streptozotocin-induced diabeticrats. Diabetes
Research Clinical Practices 51, 155-161.

Barman NR, Kar PK , Hazam PK and Pal, HS (2013).
Cardioprotective effect of Urtica parviflora leaf extract
against doxorubicin-induced cardiotoxicity in rats. Chin J
Nat Med, 11: 38-42

Basch, E., Gabardi, S.,and Ulbricht, C., (2003). Bitter melon
(Momordicacharantia): a review of efficacy and safety.
American Journal of Healthand Systemic Pharmacology
65, 356-359.

Biswas, A.R., Ramaswamy, S.,and Bapna, J.S., (1991).
Analgesic effect of Momordicacharantia seed extract in
mice and rats. Journal of Ethnopharmacology31, 115-
118.

Choi, J., Lee, K.T., Jung, H., Park, H.S., and Park, H.J,,
(2002). Anti-rheumatoid arthritis effect of the Kochia
scoparia fruits and activity comparison of momordin Ic,
its prosapogenin and sapogenin.  Archives of
Pharmacological Research 25, 336-342.

Dianita R, | Jantan, AZ Amran and J Jalil,( 2015). Protective
effects of Labisia pumila var. alata on biochemical and
histopathological alterations of cardiac muscle cells in
isoproterenol-induced  myocardial infarction  rats.
Molecules, 20: 4746-4763.

Friedwald, W.T., R.T. Levy and D.S. Fredickson, (1972).
Estimation of the concentration of low density lipoprotein
cholesterol in plasma without use of preparativeultra
centrifuge. Clin.Chem., 18: 499-502.

Griggs, B., (1981). Green Pharmacy, a history of herbal
medicine; J.Norman & Hobhouse Ltd.; London.

Harada K, Futaka Y, Miwa A, Kaneta S, Fukushima H and
Ogawa N (1993). Effect of KRN 2391, a novel vasodilator
on various experimental angina models in rats. Journal of
Pharmacology. ; 63: 35-39.

Harada K, Futaka Y, Miwa A, Kaneta S, Fukushima H and
Ogawa N. (1993). Effect of KRN 2391, a novel
vasodilator on various experimental angina models in
rats. Journal of Pharmacology. ; 63: 35-39.

Huang, P.L., Sun, Y., Chen, H.C., Kung, H.F.,and Lee-Huang,
S., (1999).Proteolytic fragments of anti-HIV and anti-
tumor proteins MAP30 andGAP31 are biologically
active. Biochemical and Biophysical Research
Communications 262, 615-623.

Jaffe AS, L Babuin and FS Apple, 2006. Biomarkers in acute
cardiac disease: the present and the future. J Amer Coll
Cardiol, 48: 1-11.

Jahn C.E., Schaegfetre E.J., and Taan L.A., (1985).
Lipoproteins abnormalities in primary biliary cirrhosis

Archives of Basic and Applied Medicine 4 (February 2016):

association with hepatic lipase inhibition as well as altered
cholesterol esterification. Gastroenterol 89:1266-1278.

Jayasooriya, A.P., Sakono, M., Yukizaki, C., Kawano, M.,
Yamamoto, K., and Fukuda, N., (2000). Effects of
Momordica charantia powder on serumglucose levels
and various lipid parameters in rats fed with
cholesterolfree and cholesterol-enriched diets. Journal of
Ethnopharmacology 72, 331-336.

Kanter, M.A., Biachini A. Bernier,D. Sady S.P.and
Thompson, P.D (1985). Androgen reduce HDL2-
cholesterol and increase  hepatic  triglyceride

lipaseactivity. Med. Sci. Sports Exerc., 17: 462-465.

King J. (1965).The dehydrogenases or oxidoreductases.
Lactate  dehydrogenase. In:  Practical  Clinical
Enzymology. London: Van D Nostrand, :83-93

Kinghorn, A.D., and Balandrin, M.F., (1993). Human medical
agents from plants, American Chemical Society, San
Francisco, USA.

Kohler, 1., Jenett-Siems, K., Siems, K., Hernandez, M.A.,
Ibarra, R.A.,Berendsohn, W.G., Bienzle, U.,and Eich, E.,
(2002). In vitro antiplasmodia linvestigation of medicinal
plants from El Salvador. Zeitschrift fur Naturforschung
[section-C]. 57, 277-281.

Kong, J.M., Goh, N.K., Chia, L.S., and Chia, T.F., (2003).

Recent advances in traditional plants drugs and orchids.

Acta Pharmacologia Scinc 24: 7-21

B.C , Vishwanathswamy, Wagawade J., and

Thippeswamy A.H.M ( 2009).Cardioprotective effect of

Lipistat against Doxorubicin induced Myocardial

Toxicity in Albino Rats .Indian Journal of Experimental

Biology 7:41-46

Latunde-Dada, G.O., (1990). Effects of processing on iron
levels and availability from Nigerian vegetables. J.Sci.
Food Agric., 53: 355-361.

Lee-Huang, S., Huang, P.L., Chen, H.C., Huang, P.L.,
Bourinbaiar, A.,Huang, H.l.,and Kung, H.F., (1995a).
Anti-HIV and anti-tumor activities ofrecombinant
MAP30 from bitter melon. Gene 61, 151-156.

Lee-Huang, S., Huang, P.L., Huang, P.L., Bourinbaiar, A.S.,
Chen, H.C., and Kung, H.F., (1995b). Inhibition of the
integrase of human immunodeficiencyvirus (HIV) type 1
by anti-HIV plant proteins MAP30 and GAP3L1.
Proceeding of the National Academy Sciences of USA
92, 8818-8822.

Leung, S.O., Yeung, H.W., and Leung, K.N., (1987). The
immunosuppressiveactivities of two abortifacient
proteins isolated from the seeds of bittermelon
(Momordica charantia) Immunopharmacology. 13, 159-
171.

Matsuda K.,(1994). A CAT inhibitors as antiatherosclerotic
agents: compounds and mechanisms. Med Res Rev
14:271-305 Mol. Sci. 8: 1013-1026.

Mohanty I, Arya D.S., Dinda A, Talwar K.K., Joshi S and
Gupta S.K.,( 2004) Mechanisms of cardioprotective
effects of Withania somnifera in experimentally induced
myocardial infarction. Basic Clinical Pharmacology
Toxicology.; 94:184-190.

Nivethetha M, Jayasri J, and Brindha P, (2009 ) . Effects of
Muntingia calabura L. on isoproterenol induced
myocardial infarction Singapore Med J; 50 (3) : 300-302

Noguchi, R., Yasui, Y., Suzuki, R., Hosokawa, M., Fukunaga,
K. and ,Miyashita, K., (2001). Dietary effects of bitter
gourd oil on blood and liver lipids of rats. Archives of
Biochemistry and Biophysics 396,207-212.

Koti

Ubhenin and Innih 23



Cardioprotective effects of Mormodical charantial

Onyeneke, E.C., Oluba, O.M. Adeyemi, O. boluwoye, C.A
Eriyamremu, C.E  Ojeaburu, S.I Adebisi K.E.and
Adeyemi, O.(2008). Effects of soy protein on serum lipid
profile and some lipidmetabolizing enzymes in
cholesterol fed rats. Internet J. Aternat. Med., 2(5).

Petrich ER, Schanne OF, and Zumino AP., (1996).
Electrophysiologicalresponses ~ to  ischemia  and
reperfusion. In: Karmazyn M, ed.MyocardialL Ischemia:
Mechanisms, Reperfusion, Protection.Basel: Birkhauser
Verlag, : 115-33.

Rajadurai M.P and Prince S.M.,(2007). Preventive effect of
naringin on cardiac markers, electrocardiographic
patterns and lysosomal hydrolases in normal and
isoproterenol induced myocardial infarction in Wister
rats. Toxicology; 230: 178-188.

Reitman S and Frankel S. A (1957).Colorimetric method for
determination of serum glutamate oxaloacetate and
glutamic pyruvate transaminase. American Journal
Clinical Pathology. ; 28: 56-58.

Richards, E.G., Grundy, S.M and Cooper, K. (1989).
Influence of plasma triglyceride on lipoprotein patterns in
normal subjects and in patients withcoronary artery
diseases. Am. J. Cardiol., 63:1214-11220

Salter A.M and White D.A. (1996).Effects of dietary fat on
cholesterol metabolism: regulation of plasma LDL
concentrations. Nutrition Respiration. ; 9: 241-257.

Schindhelm, R.K., J Dekker, J.M Nijpels, G. Bouter, L.M.
Stehouwer,C.D.A Heine R.J and Diamant,
M.(2007). Alanine aminotransferase predicts coronary

24 Archives of Basic and Applied Medicine 4 (February 2016):

heart disease events: A 10-year follow-up of the Hoorn
study. Atherosclerosis, 191: 391-396.

Searcy, R.L. and L.M. Berquist,( 1960). A new colour reaction
for the quantification of serum cholesterol.Clin. Chem.
Acta., 5: 192-199.

Sivakumar R, Rajesh R,and Buddhan S, (2007). Antilipidemic
effect of chitosan against experimentally induced
myocardial infarction in rats. J. Cell Anim. Biol ; 1:71-7.

Szasz G, Gruber W, Bernt E (1976). Creatine kinase in
serum. Clin. Chem. 22: 650 — 656.

Takemoto, D.J., Dunford, C., Vaughn, D., Kramer, K.J.,
Smith, A., and Powell,R.G.,( 1982b). Guanylate cyclase
activity in human leukemic and normal lymphocytes.
Enzyme inhibition and cytotoxicity of plant
extracts.Enzyme 27, 179-188.

Tiez, N.W., (1990). Clinical guide to laboratory tests.2nd
Edn., W.B. Saunders company, Philadelphia,USA, pp:
554.

Udoh F.V., (1998).Effect of leaf and root extracts of Nauclea
latifolic on cardiovascular antagonist on radiation induced
system. Fitaterapa 69:141-145

Van Eerd, J. P. F. M.and Kreutzer, E. K. J.
(1996).KlinischeChemievoorAnalistendeel 2. 138-139.

Wallimann, T., and Hemmer, W. (1994)."Creatine kinase in
non-muscle tissues and cells".Molecular and Cellular
Biochemistry. 133-135: 193-220.

Wang, H.X., Ng, T.B., 2001. Studies on the anti-mitogenic,
anti-phageand hypotensive effects of several ribosome
inactivating proteins. Comparative Biochemistry and
Physiology C-Pharmacology Toxicology128, 359-366

Ubhenin and Innih



