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ABSTRACT

Aims: To investigate the effects of M. charantia on serum lipid profile, serum protein
concentration and selected markers of cardiovascular damage in streptozotocin-induced
diabetic Wistar rats.
Study design: Forty healthy adult Wistar rats of both sexes were randomly assigned into
five groups A, B, C, D and E of eight rats each.
Place and Duration of Study: Department of Anatomy and Cell Biology, Obafemi
Awolowo University, Nigeria, between January 2010 and March 2012.
Methodology: At the expiration of the research, the animals were sacrificed and blood
samples were collected for biochemical analysis. Serum lipid profile, total protein and
serum albumin, serum Creatine Kinase, Lactate Dehydrogenase and Glucose-6-
Phosphate Dehydrogenase activities were determined using Randox assay kits. The
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levels of Serum globulin and albumin/globulin ratio were calculated. Serum nitric Oxide
and Prostaglandin E2 levels were determined using assay kits.
Results: The result showed a significant reduction (p<0.05) in the blood glucose levels in
group D when compared with groups A, B, C and E. There was an increase in triglyceride
(p<0.05), total cholesterol (p>0.05), low density lipoprotein (p>0.05) and very low density
lipoprotein cholesterol (p<0.05) were increased in group B  when compared with group D.
The serum levels was presented a non significant reduction in total protein (p>0.05),
albumin (p>0.05), globulin (p>0.05) and albumin/globulin ratio (p>0.05) when group B was
compared with group D. Lactate dehydrogenase (F=0.18, p>0.05) and creatinine kinase
(F=1.96, p>0.05) were increased (p>0.05) while the nitric oxide (F=2.21, p<0.05), PGE2
(F=1.25, p<0.05) and G6PDH (F=2.92, p<0.05) were reduced (p<0.05) in group B when
compared with A, C, D and E.
Conclusion: The presents study thus suggests that M. charantia could serve as a useful
antidiabetic agent.

Keywords: Diabetes mellitus; Momordica charantia; serum lipid profile; protein
concentration; cardiovascular complications.

1. INTRODUCTION

Diabetes mellitus is one of the most important world health problems, especially in
developing countries where prevalence and incidence rates are highest. Diabetic patients
are particularly prone to cardiovascular diseases including hypertension, atherosclerosis,
diabetic cardiomyopathy, congestive heart failure and cardiac autonomic neuropathy [1].
Coronary atherosclerosis and cardiomyopathy occur as a result of the metabolic
abnormalities associated with diabetes [2].

Individuals with diabetes have an increased prevalence of atherosclerosis, with increased
rates of coronary artery disease, cerebrovascular disease and peripheral artery disease [3];
[4]. More than 50% of deaths in non-insulin-dependent diabetes mellitus are related to
atherosclerosis, with coronary artery disease being the most frequent cause [1]. Although
diabetes mellitus is frequently associated with coronary artery disease risk factors such as
increased levels of total cholesterol triglycerides, and blood pressure, much of the increased
risk for coronary artery disease is not explained by these and other standard cardiovascular
risk factors [5,6]. Momordica charantia (Linn Family: Cucurbaceae) is one of the popular
herbs that grow in different regions of Nigeria. It is commonly called Bitter melon, Bittergoud,
Balsam pear. Various parts of M. charantia such as the seed, fruit and even the whole plant
has been reported to have beneficial effects in prevention and treatment of many diseases in
folkloric medicine, especially in the treatment of DM in individuals with non-insulin dependent
diabetes [7,8]. It has hypoglycaemic properties as it significantly suppressed the rise in blood
glucose concentrations in albino rats [7,9]. Bitter melon contains an array of biologically
active plant chemicals including triterpenes, proteins and steroids. In addition, a protein
found in bitter melon, momordin, has clinically demonstrated anticancerous activity against
Hodgkin's lymphoma in animals. Other proteins in the plant, alpha- and beta-momorcharin
and cucurbitacinB, have been tested for possible anticancerous effects. [10]. In numerous
studies, at least three different groups of constituents found in all parts of bitter melon have
clinically demonstrated hypoglycemic (blood sugar lowering) properties or other actions of
potential benefit against diabetes mellitus [11]. These chemicals that lower blood sugar
include a mixture of steroidal saponins known as charantins, insulin-like peptides, and
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alkaloids. The hypoglycemic effect is more pronounced in the fruit of bitter melon where
these chemicals are found in greater abundance.

To date, studies have demonstrated the blood sugar-lowering effect of this bitter fruit
[12,13,14]. The fruit has also shown the ability to enhance cells' uptake of glucose, to
promote insulin release, and to potentiate the effect of insulin [15,16]. In other in vivo
studies, bitter melon fruit and/or seed has been shown to reduce total cholesterol. Some
researchers reported that elevated cholesterol and triglyceride levels in diabetic rats were
returned to almost normal after some weeks of treatment [17,18,19,20,21,22].

The present study investigated the effects of M. charantia on serum lipid profile, serum
protein concentration and selected markers of cardiovascular damage (which includes
serum levels of Lactate Dehydrogenase, Glucose-6-Phosphate Dehydrogenase, Nitric
Oxide, Prostaglandin E2, and Creatine Kinase) in streptozotocin-induced diabetic Wistar rats
and compared the effects with those of glimepiride, an oral blood-glucose-lowering drug of
the sulfonylurea class [23].

Provide a factual background, clearly defined problem, proposed solution, a brief literature
survey and the scope and justification of the work done.

2. MATERIALS AND METHODS

2.1 Animal Care

Forty healthy adult Wistar rats (Rattus norvegicus 8wks-12wks old) of both sexes, with
average weight of 134.4g were used for the experiment. The rats were bred in the animal
holding of College of Health Sciences, Obafemi Awolowo University, Ile-Ife. They were
maintained on standard rat pellet (Capsfeed, Ibadan, Nigeria) and water was provided ad
libitum.

The animals were randomly assigned into five groups A, B, C, D and E of eight rats each.

• Group A were the control (normal rats)
• Group B were the experimentally-induced diabetic rats administered with 10% tween

80
• Group C were the experimentally-induced diabetic rats treated with methanolic

extracts of Momordica charantia dissolved in10% tween 80 for two weeks
• Group D were the experimentally-induced diabetic rats treated with methanolic

extracts of Momordica charantia dissolved in 10% tween 80 for four weeks
• Group E were the diabetic rats treated with a standard diabetic drug (2mg/kg of

glimepiride) dissolved in 10% tween 80 for four weeks

The animals received humane treatment as outlined in the “Care and Management of
Laboratory Animals” published by the National Institute of Health (NIH, 1996).

2.2 Plant Material

Matured leaves of Momordica charantia (Cucurbitaceae) were collected during the raining
season from suburban villages of Ile-Ife metropolis in Osun State of Nigeria. The leaves
were taken to the Herbarium in the Department of Botany, Obafemi Awolowo University, Ile-
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Ife to confirm identification and a voucher specimen number (UHI 16510) was placed in the
Herbarium.

2.3 Preparation of Methanolic Extract of M. charantia

Leaves of Mormodica charantia (MC) were air dried and powdered in a warring blender. A
765 g of the powdered leaves were extracted in 1,950 mls of absolute methanol for 72 hours
with intermittent shaking and filtered. The filtrate were concentrated in vacuo at 350C using a
vacuum rotary evaporator (Bṻchi Rotavapor R110, Schweiz). The extract were partitioned
between water and dichloromethane, the dichloromethane fraction (5.94%) was oven-dried
at 37oC and stored until it is ready to be used. The dichloromethane fraction of the extract
were weighed and dissolved in 10% tween 80 for use on each day of the experiment.

2.4 Induction of Diabetes

Diabetes mellitus was experimentally-induced in groups B, C, D and E by a single
intraperitoneal injection of 65 mg/kg body weight of streptozotocin (Tocris Bioscience, UK)
dissolved in 0.1M sodium citrate buffer (pH 6.3). Diabetes was confirmed in animals 48
hours after induction, by determining fasting blood glucose level using a digital glucometer
(Accu-chek® Advantage, Roche Diagnostic, Germany) consisting of a digital meter and the
test strips using blood samples obtained from the tail vein of the rats. Animals in group A
were given equal volume of citrate buffer used in dissolving streptozotocin intraperitoneally.

2.5 Administration of Extract and Anti-Diabetic Drug

Methanolic extracts of the leaves of M. charantia (100 mg/kg) was dissolved in10% tween 80
and administered daily (orally) by gastric intubation to the rats in groups C and D for 2 and 4
weeks respectively. The standard antidiabetic drug (glimepiride 2 mg/kg) was administered
to group E rats for four weeks [24], while those in group B were left untreated.

2.6 Sacrifice of the Animals

At the end of the experimental period, all the animals were physically observed and
anesthesized by chloroform inhalation. A midline incision was performed at the thoracic
region. Blood was obtained by cardiac puncture using a 5 ml syringe with needle inserted
into the left ventricle. The blood was centrifuged within 30 minutes of collection. The blood
was centrifuged in a centurion scientific refrigirated centrifuge, R 8000 series (Oxford, UK) at
5000 R.P.M for 5 minutes to obtain the serum.

2.7 Biochemical Assays

Serum lipide profile, total protein and serum albumin were determined using Randox assay
kits (Randox Laboratory, Northern Ireland). The lipid profile include; triglycerides (TGL), total
cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C) while low-density
lipoprotein cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) were
calculated. The levels of Serum globulin and albumin/globulin ratio were calculated as
described by Ettinger and Feldman, 2000 [25]. Lactase Dehydrogenase (LDH) and Glucose-
6-Phosphate Dehydrogenase (G6PDH) activities were measured using Randox Kit (Randox
laboratory, Northern Ireland). BioAssay Systems' QuantiChrom TM Nitric Oxide Assay Kit
was used to measure Nitric Oxide (NO) levels in serum. Also serum Prostaglandin E2 (PGE2)
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levels were determined using PGE2 EIA Monoclonal assay kit (Arbor Assays, UK) and serum
Creatine Kinase (CK-NAC) was determined using Randox Kit (Randox laboratory, Northern
Ireland).

2.8 Statistical Analysis

All values were presented as means ±SEM. Data were analyzed using one way analysis of
variance (ANOVA) with Duncan multiple range test (DMRT) using Statistical Package for
Social Science (SPSS 17).

3. RESULTS

3.1 Changes in Blood Glucose Level (BGL)

There was a progressive increase in the BGL in the STZ induced group such that at the
expiration of the research, the BGL of the diabetic rats in group B remains hyperglycemic
while the BGL of the rats in group C showed a significant (p<0.05) increase  when the
extract was withdrawn. Groups D and E rats were normoglycemic (233.20 ± 18.93 and
181.00 ± 60.67 respectively) on the 56th day as shown in Table 1.

3.2 Changes in Serum Lipid Profiles

TG and VLDL-C in the diabetic group was significantly (p<0.05) increased, while TC and
LDL-C was also increased non significantly (p>0.05) when compared with the control. HDL-
C was however reduced significantly (p<0.05) in diabetic group when compared with the
control. Administration of extract for two weeks only (group C), significantly increased TG
and VLDL-C while TC, LDL-C and HDL-C was reduced when compared with group E.
animals administered with extract for four weeks however reduced TG, LDL-C and VLDL-C
significantly while HDL-C was significantly increased. The group administered with
glimepiride (group E) compared favourably with the group administered with extract for four
weeks (group D) as shown in Table 2.

3.3 Changes in Total Protein, Albumin, Globulin and Albumin/Globulin Ratio

There was a non significant (P=.05) decrease in the total protein concentration of the
diabetic group when compare with the control. The rats treated with the M. charantia extract
for four weeks (group D) increased the total protein concentration by 48.65% when
compared with the group C rats. The animals treated with MC extract for two weeks (Group
C) showed a non significant (P=.05) decrease in total protein concentration when compared
with the group D rats. There was a slight difference in the total protein concentration of group
D and group E animals (glimepiride) (Table 3).

There was a non significant (p>0.05) decrease in the albumin (ALB) increase in the
concentration of the albumin 57.35% in the animals treated with MC extract for four weeks
(Group D) when compared with group C. The rats (group E) treated with antidiadetic drug
(glimepiride) (4.21±0.13) showed nearly the same albumin concentration when compared
with the diabetic rats treated with M. charantia extract for four weeks (group D; 4.22± 0.20)
(Table 3).
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Table 1. The effect of M. Charantia on blood glucose level

0 2 14 28 42 56
Group A 101.00±3.79a 120.25±2.29a 120.63±7.30a 85.88±3.86a 105.63±4.602a 114.13±6.05a

Group B 98.13±2.07a 536.13±32.22b 536.86±22.76c 438.00±35.49b 350.17±38.46c 386.50±36.97c

Group C 98.13±2.78a 536.13±25.08b 573.50±16.76c 433.80±47.73b 215.00±25.00b 573.00±23.00d

Group D 96.00±2.732a 531.00±25.97b 541.43±32.15c 415.00±26.81b 218.33±25.54b 233.20±18.93b

Group E 91.50±3.85a 541.75±52.18b 441.20±48.34b 398.50±46.42b 221.33±31.74b 181.00±60.67ab

Values are given as mean ± SEM for blood glucose level on days 0, 2, 14, 28, 42 and 56 in each group. a, b, c, d, ab within column signifies that means
with different letters differs significantly at p < 0.05 while means with the same letters does not differ significantly at p < 0.05  (using one way ANOVA with

Duncan multiple range test)

Table 2. The Effect of M. Charantia on the Lipid Profiles in STZ Induced Diabetic Rats

TG(mg/dL) TC(mg/dL) HDL-C(mg/dL) LDL-C(mg/dL) VLDL-C(mg/dL)
Group A 78.40±18.65a 47.59±9.96a 52.40±12.21b 17.44±1.36a 15.68±3.73a

Group B 107.86±29.08ab 62.90±11.36a 28.58±5.41a 26.88±23.72a 21.57±5.81ab

Group C 170.54±7.63b 45.93±11.62a 29.01±8.12a 16.92±3.50a 34.11±1.53b

Group D 85.27±13.82a 62.64±13.93a 37.08±2.37a 20.37±8.13a 17.05±2.76a

Group E 89.72±27.36ab 63.82±10.77a 30.94±4.62a 23.04±16.06a 17.94±5.47ab

Values are given as mean ± SEM for 5 biochemical parameters coded as TG, TC, HDL-C, LDL-C and VLDL-C in each group. a, b, ab,  within column
signifies that means with different letters differs significantly at p < 0.05 while means with the same letters does not differ significantly at p < 0.05 (using one

way ANOVA with Duncan multiple range test).
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The serum globulin (GLO) concentration in the diabetic group (1.42 ± 0.82) presented a
significant (p<0.05) increase when compared with the control (3.20±0.12).  Administration of
MC extract for four weeks caused a significant (p<0.05) increase in the concentration of
serum globulin 4.74±0.60. The animals in group C showed a non significant (p>0.05)
decrease in serum globulin concentration by 41.77% when compared with the group D.
There was a moderate increase in the serum globulin concentration in the group
administered with glimepiride (group E) when compared with the animals treated with extract
for four weeks (group D) after STZ induction (Table 3).

The ALB/GLO ratio in the diabetic group (Group B, 0.80 ± 0.46) was decreased (p>0.05)
when compared with the control rats (group A, 1.04 ±0.08). The animals in group C showed
a 64.52% decrease in the ALB/GLO ratio when compared with group D animals. However,
the group administered with extract for four weeks showed a non significant (p>0.05)
increase in ALB/GLO ratio by 13.98% when compared with the diabetic group. The group
administered with glimepiride (group E) was increased by 5.00% when compared with group
B animals (Table 3).

Table 3. The effect of M. charantia on Total Protein, Albumin, Globulin and
Albumin/Globulin Ratio in STZ induced diabetic rats

TP (g/dL) ALB (g/dL) GLO (g/dL) ALB/GLO Ratio
Group A 6.53 ±  0.01a 3.33 ±  0.13a 3.20 ±  0.12a 1.04 ±  0.08a

Group B 8.01 ±  0.73a 4.32 ±  0.22b 4.39 ± 0.69a 1.08 ±  0.21a

Group C 9.61 ±  0.48a 3.65 ±  0.05ab 5.95 ±  0.42a 0.61 ±  0.03a

Group D 8.90 ±  0.69a 4.22 ±  0.20b 4.74 ±  0.60a 0.93 ±  0.10a

Group E 9.46 ± 1.14a 4.21 ±  0.13b 5.24 ± 1.01a 0.84 ±  0.11a

Values are given as mean ± SEM for 4 biochemical parameters coded as TP, ALB, GLO and ALB/GLO
in each group. a, b, ab, within column signifies that means with different letters differs significantly at p

< 0.05 while means with the same letters does not differ significantly at p < 0.05 (using one way
ANOVA with Duncan multiple range test).

3.4 Activities of LDH and G6PDH

The activity of LDH in diabetic group (2.43 ± 0.83) was moderately increased (p>0.05) when
compared with the control group (2.33±0.62). Group C rats showed a significant increase
(p<0.05) in the activity of LDH when compared with group D rats (2.12 ±  0.91) that was
administered with MC extract for four weeks and control group (2.33±0.62). The group
administered with glimepiride (group E) showed no significant (p>0.05) difference when
compared with group D animals (Table 4).

There was no significant difference in the activity of G6PDH in the control (group A), diabetic
group (Group B), and Group C. However, there was a significant increase (p<0.05) in the
groups D (0.03±0.00) and E (0.03±0.00) when compared with groups A, B and C (Table 4).
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Table 4. The effect of M. charantia on some enzymes (LDH and G6PDH) of
Carbohydrate Metabolism in STZ induced diabetic rats

LDH (U/L) G6PDH (mU/mL)
Group A 2.33 ±  0.62a 0.02 ± 0.00a

Group B 2.43 ±  0.83a 0.02 ± 0.00a

Group C 3.67 ±  3.66c 0.02 ± 0.00a

Group D 2.12 ±  0.91a 0.03 ± 0.00ab

Group E 2.38 ±  0.13a 0.03 ± 0.00b

Values are given as mean ± SEM for 6 2 biochemical parameters coded as LDH and G6PD in each
group. a, b, c, ab within column signifies that means with different letters differs significantly at p < 0.05
while means with the same letters does not differ significantly at p < 0.05 (using one way ANOVA with

Duncan multiple range test).

3.5 Nitric Oxide (NO)

The result showed a significant (p<0.05) reduction in the NO of diabetic group (group B) as
compared with the control (group A). Administration of extract for four weeks (group D),
significantly (p<0.05) increased the NO level (0.52 ±0.04). Withdrawal of extract
administration from animals in group C significantly reduced the NO concentration (0.13
±0.12). The antidiabetic drug did not increase the NO level. (Table 5).

Table 5. The effect of M. charantia on Serum Level of Nitric oxide, Prostaglandin E2
and Creatinine Kinase

Nitric Oxide
(mM)

Prostaglandin
E2x103 (pg/mL)

Creatinine kinase
(U/L)

Group A 0.65±0.09bc 4.37±1.45ab 3.57±0.66ab

Group B 0.42±0.18abc 2.71±2.22ab 4.22±2.54ab

Group C 0.13±0.12a 2.56 ±2.49ab 1.75±1.70a

Group D 0.52±0.04bc 4.21±1.86ab 6.10±1.40ab

Group E 0.38±0.37ab 0.80±0.61a 2.27±2.20a

Values are given as mean ± SEM for 3 biochemical parameters named as Nitric Oxide, Prostaglandin
E and Creatinine Kinase in each group. a, ab, bc, abc within column signifies that means with different
letters differs significantly at p < 0.05 while means with the same letters does not differ significantly at p

< 0.05 (using one way ANOVA with Duncan multiple range test)

3.6 Prostaglandin E2 (PGE2)

The result showed a non significant (p>0.05) reduction in the PGE2 of diabetic group (group
B) as compared with the control. Administration of extract for four weeks (group D) increased
the PGE2 level non significantly (p>0.05) (4.21 ±1.86). Withdrawal of extract administration
from animals in group C reduced the PGE2 concentration (2.56 ±2.49). The antidiabetic drug
could not increase the PGE2 concentration as compared with the diabetic group (Table 5).

3.7 Creatinine Kinase (CK-NAC)

The result showed a non significant (p>0.05) increase in the CK-NAC activity of diabetic
group (group B) as compared with the control. Administration of extract for four weeks
(group D), further increased the CK-NAC activity non significantly (6.10 ± 1.40). Withdrawal
of extract administration from animals in group C reduced the CK-NAC activity (1.75 ± 1.70).
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The antidiabetic drug could not increase the CK-NAC activity as compared with the diabetic
group (Table 5).

4. DISCUSSION

Hyperlipidemia is a metabolic complication of both clinical and experimental diabetes [26].
Low-density lipoprotein in diabetic patients leads to abnormal metabolism and is associated
with increase in very low-density lipoprotein (VLDL) secretion and impaired VLDL
catabolism. Ultimately this leads to atherosclerotic plaque [27]. A number of known factors
for coronary artery disease such as hypertension, obesity and dyslipidemia are more
common in diabetics than in the general population. The World Health Organization (WHO)
predicts that the number of cases worldwide for diabetes, now as of 171 million, will touch
366 million or more by the year 2030 [28]. Patients with DM are more likely to develop
microvascular and macrovascular complications than the non diabetic population [29].
Dyslipidemia is a frequent complication of DM and is characterized by low levels of high-
density lipoprotein-cholesterol (HDL-C) and high levels of low density lipoprotein cholesterol
(LDLC) and triglyceride (TG). Diabetes is associated with profound alterations in plasma lipid
and lipoprotein profile and with an increased risk of coronary heart disease [30].
Hyperlipidemia is a recognized complication of DM characterized by elevated levels of
cholesterol, triglycerides and phospholipids; and changes in lipoprotein composition [31].

The present study shows that withdrawal of M. charantia extract in group C rats produced a
gradual increase in the lipids profile levels as shown by the parameters obtained while the
rats in group D maintained a decrease in TG, TC, LDL-C levels and increases HDL-C level.
Chait et al. [32] reported that high LDL-C levels in the blood of diabetic rats are due to low
insulin levels. Insulin increases the number of LDL-C receptors at the cellular levels;
therefore in an insulin-deficient state, a decrease in insulin receptors is expected which will
consequently leads to delay in LDL-C clearance. Another reason could be the high level of
glucose in the circulation. Witzum et al., [33] reported that two to three fold increases in
glucose concentration causes glycosylation of lysine in apoprotein B. There is increasing
evidence that hyperlipidemia plays an important role in the gradual development of
atherosclerosis [34]. It has been established that diabetes is a risk factor for cardiovascular
disease resulting in atherosclerotic cardiovascular disease such as coronary artery disease,
cerebrovascular disease and peripheral vascular disease which are the leading cause of
death in the diabetic population [35].

The decrease observed in the serum concentrations of total protein, albumin, globulin and
albumin/globulin ratio in the diabetic rats also supports other investigators [36,37,38].
Treatment of diabetic animals with extract was able to bring the serum total protein, albumin,
globulin concentrations and albumin/globulin ratio close to normal. Withdrawal of M.
charantia reduced the serum total protein, albumin, globulin concentrations and
albumin/globulin ratio. Sundaram et al. [39] reported that deranged glucagons-mediated
regulation of cyclic AMP formation in insulin deficiency is brought about by accelerated
proteolysis of uncontrolled diabetes. In addition, secondary hypoalbumenia commonly
observed in diabetic patients is generally attributed with the nephrotoxicity [39,40]. There
was an improvement in albumin/globulin ratio in STZ diabetic rats treated with M. charantia
and glibenclamide when compared with diabetic rats (group B).

Lactate dehydrogenase (LDH) in anaerobic glycolysis, catalyses the conversion of pyruvate
to lactate which subsequently is converted to glucose in gluconeogenetic flux. The result of
this study showed an increase in LDH concentration in the diabetic rats. Previous studies
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also reported an increase in the concentration of lactate dehydrogenase [41,42]. When
tissues are damaged by trauma or disease, higher amounts of the LDH enzyme are released
into the bloodstream. While an LDH test can determine the presence of tissue damage,
further tests often are necessary to assess the severity and location of the damage. LDH
levels typically rise after people suffer damage to the heart muscle from a heart attack [43].
The increment noticed in the diabetic rats may be suggestive of cardiac damage in line with
previous study [43]. Treatment with extract moderately restored the concentration of LDH.

Glucose-6-phosphate dehydrogenase (G6PDH) is an enzyme in the pentose phosphate
pathway, a metabolic pathway that supplies reducing energy to cells by maintaining the level
of the co-enzyme nicotinamide adenine dinucleotide phosphate (NADPH) [44]. A decrease in
the concentration of G6PDH in the diabetic animals was noticed in this study. Investigations
have shown that decrease in G6PDH in tissues may decrease NADPH generation required
for glutathione reductase activity and glutathione production [44]. Treatment with extract
moderately restored the concentration of G6PDH.

This study showed a significant decrease in the NO concentration in the diabetic rats. This
decrement was normalized with the administration of M. charantia for four weeks. The
decrease in NO may be due to its reaction with superoxide anion radical generated in
diabetic state to form reactive peroxyl nitrite radicals. Mohan and Das (1998) [45] reported a
decrease in NO in alloxan-diabetic rats, an effect which was abrogated by prio and
simultaneous administration of L-arginine. NO is normally produced from L-arginine by
endothelial nitric oxide synthase (eNOS) in the vasculature [46]. NO mediates endothelium-
dependent vasorelaxation by its action on guanylate cyclase in vascular smooth muscle cells
(VSMC), initiating a cascade that leads to vasorelaxation. NO also displays antiproliferative
properties and inhibits platelet and leukocyte adhesion to vascular endothelium [46].
Therefore, NO is considered a vasculoprotective molecule. M. charantia showed a better
protective potential when compared with glimepiride.

Prostaglandin E2 has long been noted to have a role in regulating hematopoietic
homeostasis. Prostaglandin signaling is active in mature erythrocytes, playing a role in
cellular stress response by regulating K+ efflux and cell size [47,48]. This study showed a
decrease in the PGE2 concentration in the diabetic rats. The decrease was normalized with
the administration of M. charantia for four weeks. Report has shown that PGE2 is used in the
management of pulmonary hypertension and also has vasodilatory effects [49]. This
suggests that M. charantia has beneficial properties far beyond the antidiabetic drug which
did not show any significant effect.

Creatinine kinase (CK-NAC) a powerful and sensitive predictor of increased cardiac
complications [50]. In this study, CK-NAC level was increased in the diabetic rats indicative
of cardiac damage. This increase was significantly lowered with the administration of M.
charantia for two weeks. Continuation of the extract for four weeks showed a significant
increase in the CK-NAC level. This observation is suggestive of the deletorius effect of M.
charantia with prolonged treatment as seen in this study. This result also indicated that M.
charantia treatment for two weeks showed a better protective potential against cardiac
dysfunction when compared with glimepiride.
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5. CONCLUSION

We thus conclude that the reason for non significant effect of M. charantia on some few
parameters is yet to be understood and calls for further investigation. However, M. charantia
to a reasonable extent has demonstrated its antidiabetic property and by extension useful in
the management of associated cardiovascular diseases.
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