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Abstract

Objective: To evaluate antidiabetic potential of Momordica charantia leaves extract on Streptozotocin-
Nicotinamide induced type 2 diabetic rats.
Methods: Eighteen mice were used for acute toxicity while thirty rats used were for the Hypolipidamic
study. They were grouped into five of six rats per group. Group 1 normal control received 5%
tragacanth, Group 2 the diabetic-induced untreated received 5% tragacanth only, Group 3 diabetic-
induced received 50 mg/kg body weight standard drug glibenclamide, Group 4 diabetic-induced
received 50 mg/kg body weight methanolic extract of Momordica charantia, and Group 5 diabetic
induced received 50 mg/kg body weight ethyl acetate fraction of Momordica charantia. The induction of
type 2 diabetes was by single intraperitoneal injection of 120 mg/kg body weight, 60 mg/kg body weight
Streptozotocin. Rats with fasting blood glucose above 200 mg/dl were considered hyperglycemic. Blood
samples were collected for biochemical analysis; the liver tissue was used for hisotopathologic analyses.
Methanolic leaves extract of Momordica charantia was obtained by cold maceration with 5 L methanol
for 72 hours at room temperature and fractionated.
Results: Oral treatment with the extracts caused significant reduction (P<0.05) in the blood glucose
levels. The serum levels of the biochemical parameters; urea, creatinine, alpha-amylase and lipid
profiles that were negatively altered by the induction became significantly improved due to treatment
with the extract. The liver histomorphology also improved.
Conclusion: These findings suggest that leaves extract of ethyl acetate fraction of Momordica charantia
possesses antidiabetic properties with insulin-mimicking action and could be used for the treatment of
diabetic disorder.
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Introduction
Diabetes Mellitus is a group of metabolic disorders
characterized by chronic hyperglycemia due to impairment of
insulin secretion, insulin action, or both, resulting in an
uncoordinated carbohydrate, lipid, and protein metabolism [1].
Generally, the insulin-dependent diabetes mellitus, otherwise
known as type 1 diabetes mellitus and non-insulin-dependent
diabetes mellitus, known as type 2 diabetes mellitus are the
two forms of diabetes. The type 2 is the most common form
suffered by 90 to 95% of all diabetic patients [2]. The

prevalence of type 2 diabetes mellitus has been predicted to
increase to 439 million by 2030 [3] if not curtailed. Genetic
factor and life style are possible factors that cause diabetes,
while obesity and sedentary life style are the predisposing
factors [4]. Study of the epidemiological characteristics of type
2 diabetes mellitus revealed a steady increase in the developed
countries, such as United States and Japan with majority of the
victims within the age of 45-64 years [5]. Statistical data
indicated that seven out of top ten countries with the largest
number of diabetic patients are from low- or middle-income
countries [5], Nigeria is an example. Another emerging
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epidemic of type 2 diabetes mellitus is the rising rates of
childhood obesity which is becoming more common in
children, teenagers and adolescents [6].

Treatment for type 2 diabetes mellitus remains a health
challenge, considering the increasing cases of drug resistance,
high cost and several side effects such as lactic acidosis,
gastrointestinal (GI) effects such as nausea, vomiting diarrhea
and flatulence associated with Metformin [7], higher rate of
hypoglycemia associated with Sulphonyl ureas [8], increased
risk of bladder cancer associated with Thiazolidinediones [9],
abdominal bloating, diarrhea and flatulence associated with α-
Glucosidase inhibitors [10], acute pancreatitis and renal
dysfunction associated with Glucagon-like peptide-1 receptor
agonists [11]. These side effects caused by the use of synthetic
drugs motivated the search for effective antidiabetic agents
with little or no side effects from medicinal plants.

According to the World Health Organization, a medicinal plant
is a plant in which one or more of its organs contains
substances that can be used for therapeutic purposes, or which
are precursors for chemo-pharmaceutical semi-synthesis. Such
plants are in great demand by pharmaceutical companies for
their active ingredients [12]. Momordica charantia is an
indigenous medicinal plant belonging to the family
Cucurbitaceae. It is commonly known as bitter gourd or bitter
melon in English. Tradomedically, the fruit, stems, leaves and
roots of Momordica charantia have been used for treatments of
ailments such as microbial infections including those caused by
Escherichia coli, Salmonella, Staphylococcus aureus,
Staphylococcus, Pseudomonas, and Streptobaccilus [13],
hyperlipidemia, digestive disorders, and menstrual
abnormalities [14]. It has been reported that Momordica
charantia possesses powerful antiviral properties against white
spot syndrome virus and human immunodeficiency virus
[15,16]. The anti-carcinogenic properties of Momordica
charantia have also been reported [16,17]. It is has been
established that researcher ’ s interest for scientific
investigations on plant based system is motivated by the
bioactive secondary metabolites produced either by the fruit,
seeds, leaves, roots and or bark parts of the plant [18]. The
tradomedical use of plant-based system is emerging but needs
scientific verification to validation the practice. Animal models
of type-2 diabetes have been proved to be useful for studying
the pathogenesis and research for novel therapy for the disease
[1]. The experiment described in the paper is the first report on
the hypoglycemic activities and insulin-mimicking action of
ethyl acetate fraction of Momordica charantia on
Streptozotocin-nicotinamade induced hyperglycemic rat
models.

Material and Methods

Chemicals and reagents
All chemicals and reagents used for this experiment were of
analytical grade and purchased from Sigma-Aldrich Chemical
Co. (St. Louise, MO, USA).

The plant materials and preparation of crude extracts
Leaves of Momordica charantia were obtained from a farm at
Igueben in Igueben Local Government Area of Edo State-
Nigeria. It was identified and authenticated by the Botanists at
the Forest Research Institute of Nigeria (FRIN), Ibadan. The
plant material was then deposited at the FRIN Herbarium for
reference purpose. The leaves were washed with clean tap
water and dried under shade at room temperature for 14 days.
The dried leaves was pulverized into powder using electric
blender (pye Unicam, Cambridge, England) and stored in a
polythene bag until needed.

The crude sample was obtained by soaking 300 g of the
powered leaves sample in 5 L of methanol with few drops of
chloroform and extracted by cold maceration for 48 hours
using soxhlet extractor. The methanol extract was filtered using
a Buchner funnel and Whatman No.1 filter paper. Dried
methanolic extract was obtained after removing the solvent by
evaporation under reduced pressure using rotary evaporator,
the concentrated extract was weighed and the percentage yield
calculated using the formula thus:

Percentage yield = Mass yield of extract/Mass of plant material
× 100

This crude extract was stored in an air-tight container and kept
in the refrigerator at 4°C until used for the experiment.

Partitioning of crude extract
The methanol extract was separately suspended in 80 mL
methanol and 20 mL distilled water in a separating funnel (1L).
200 mL of petroleum ether was added to the methanol extract
in the separating funnel. The mixture was slightly agitated and
the pressure accumulated in the funnel was released by
opening the tap. The mixture was allowed to stand for a few
minutes and the ether layer collected. The recovered methanol
extract was again treated with 200 mL of petroleum ether and
separated. This procedure was repeated until a total of 7 L of
petroleum ether became used. The petroleum ether portions
and the methanol were together evaporated to dryness. The
recovered methanol extract was then extracted with 2.5 L of
chloroform followed by 3 L of ethyl acetate, following the
same procedure. Successive partitioning with petroleum ether
(40-60°C), chloroform and ethyl acetate in this order of
polarities afforded three fractions of the extract. These various
fractions were concentrated to dryness, weighed and the
percentage yield recorded. Extract spoilage was prevented by
preserving in the desiccator.

Animals
Following institutional ethics approval (ethical approval
number ABUCAUC/2018/029), albino rats were obtained from
the department of Veterinary Pharmacology and Toxicology,
Ahmadu Bello University, Zaria. All the animal care and
treatment procedure were strictly observed following the
guidelines established by the University’s committee on animal
use and care. Adult male wistar rats weighing 100-120 g were
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used for the experiments. The animals were maintained under
normal laboratory conditions of humidity, temperature, and
light for 7 days prior to the investigations and allowed access
to food (grower’s mass, vital feed) and water ad libitum.

Oral acute toxicity
Oral acute toxicity of the Momordica charantia was carried out
following the guidelines set by Lorke [19]. Adult albino mice
weighing 30 g were randomly divided into 6 groups of 3 mice
per cage. The experiment was in two phases. Phase one was
done using Groups 1, 2 and 3. They were administered 10, 100
and 1000 mg/kg body weight of the extract respectively. Phase
two was done using Groups 4, 5 and 6, they received 1600,
2900 and 5000 mg/kg body weight of the extract respectively.
The extract (suspended in 0.6% carboxy methyl cellulose
CMC) was administered orally to the mice. The animals were
observed behaviorally (alertness, restlessness, irritability, and
fearfulness), neurologically (spontaneous activity, respiratory
rate, reactivity, touch response, pain response, heart rate and
blood pressure, and gait), and autonomically (defecation and
urination) for 24 hours. After a period of 24 hours, the animals
were observed for 14 days for mortality. The animals were
observed for mortality up to 48 hour (acute) and for another 14
days for sub chronic toxicity [20]. The median lethal dose
(LD50) was calculated using geometric mean as the square root
of the product of the lowest lethal dose and the highest non-
lethal dose.LD50=  XY
“X” was the highest dose without death, and “Y” was the
lowest dose with death.

Animal grouping
The animals were shared in five groups of six animals in a cage
thus:

Group 1: (Normal control) received 5% tragacanth orally daily
for thirty days.

Group 2: (Diabetic control) received 5% tragacanth orally
daily for thirty days.

Group 3: (Diabetic standard) received 50 mg/kg body weight
Glibenclamide orally daily for thirty days.

Group 4: (Diabetic treated) received 50 mg/kg body
methanolic extract of Momordica charantia orally daily for
thirty days.

Group 5: (Diabetic treated) received 50 mg/kg body weight
ethyl acetate fraction of Momordica charantia orally daily for
thirty days.

Induction of type 2 diabetes mellitus
Hyperglycemia was induced according to the method described
[21]. The rats were fasted overnight prior to induction of
diabetes by a single intraperitoneal administration of 60 mg/kg
body weight streptozotocin, 15 minutes after intraperitoneal

injection of 120 mg/kg body weight nicotinamide.
Hyperglycemia was then confirmed by measuring the fasting
blood level after 24 hours induction using a glucometer. The
rats with fasting blood level above 200 mg/dl were considered
as having type 2 diabetes and were included for this study. To
prevent hypoglycemic mortality, the animals received 5% w/v
glucose solution (2 ml/kg body weight) after 24 hours of
Streptozotocin and Nicotinamide injection. Blood was
collected into fluoride oxalate and heparinized tubes from the
tail of the rats after making incision with surgical blade and it
was used for the estimation of the fasting blood glucose levels.
This was done on the 2nd, 7th, 21st and 30th days’ of the
treatments. However, after 24 hours of the last treatment, the
overnight fasted animals were anaesthetized with chloroform
and then sacrificed by cervical decapitation. Blood was
collected by cardiac puncture with needle syringe into plain
tubes and allowed to clot. Both tubes were centrifuged 4000
rpm for 15 min to obtain plasma and sera which were used for
the analysis. The liver and kidney tissues were collected and
wash with normal saline and stored at -80°C.

Histological analysis of the liver tissues
The histological examination of the hepatocytes was carried
out according to Banchroft et al. [22]. Tissues of the various
groups were fixed in 10% formolsaline (pH=7.2) for 24 hours.
Serial sections of 4 mm thickness was obtained using a rotatory
microtome and then the tissue sections were collected on glass
slides, dehydrated by immersing in serial dilutions of ethanol
with distilled water, cleaned in xylene and embedded in
paraffin wax. The specimens were deparaffinized and stained
with hematoxylin and eosin (H&E) dye for histopathological
examinations. Photomicrographs of the tissue sections were
captured using charge-coupled device (CCD) camera under
light microscope (Olympus BX51TF; Olympus Corporation,
Tokyo, Japan) at 400x magnification.

Estimation of biochemical parameters
Estimation of serum total proteins, albumin, urea,
creatinine and amylase: Serum total protein in the blood
serum was estimated by the biuret reaction according to the
method of Reinhold [23] using Sigma protein assay kit.
Principle of the assay is based on the reaction of proteins and
peptides with cupric ions in alkaline solutions to form a violet
complex which is read spectrometrically at 546 nm. Three test
tubes were set up, 0.1 ml of the sample was pipetted into the
test tube A (sample), 0.1 ml of the standard was pipetted into
test tube B (standard), 0.1 ml distilled water was in test tube C
(blank) and 5 ml biuret reagent were pipetted into each of the
test tube. The reaction mixtures were mixed properly by
vortexing and allowed to stand for 30 minutes at room
temperature. The absorbance of the sample and the standard
were measured against the blank at 546 nm using a table top
Shimadzu spectrophotometer. The total protein concentration
was calculated thus:

Total protein concentration (g/l) = Absorbance of sample ×
Concentration of standard (70 g/l)/Absorbance of standard.

Hypolipidamic study of ethyl acetate leaves extract of Momordica charantia on the biochemical parameters of
Streptozotocin-Nicotinamide induced type 2 diabetic rats

Biomed Res2019 Volume 30 Issue 4 531



Albumin urea was estimated according to the method of
Natelson et al. [24].

Principle of the assay is based on reaction of albumin with
bromocresol green in the presence of detergents in a blue-green
complex measured using spectrophotometer. Exactly 0.02 ml
of the sample was pipetted into test tube A (sample), 0.02 ml
into test tube B (standard), 0.02 ml distilled water was pipetted
into test tube C (blank), then 2 ml of the reagent was pipetted
into each of the test tubes. The mixtures were allowed to stand
for 10 minutes at room temperature before reading the
absorbance of the sample, standard at 600 nm against the
blank. The albumin concentration was calculated thus:

Albumin Concentration (g/l) = Absorbance of sample ×
Concentration of standard (40 g/l)/Absorbance of standard

Serum creatinine was determined creatinine assay kit
according to Jaffe’s reaction as described by Roscoe [25]. The
principle is based on the reaction of creatinine and picric acid
in an alkaline medium forming an orange color complex that
absorbs at 520 nm.

Serum amylase was estimated using alpha-amylase the assay
kit as described by Klein and Foreman [26]. The principle is
based on the cleavage of alpha-amylase into soluble colored
product by an insoluble dye-coupled substrate amylose azure.
The color intensity was measured at 595 nm.

Estimation of lipid profile: The serum level of triglyceride
was determined using serum triglyceride assay kit, following
the method described by Tietz [27]. The principle was based on
the quinoeimine dye produced by the peroxidase-catalyzed
coupling of 4-aminoantipyrine (4-AAP) and sodium N-ethyl-
N-(3-sulfopropyl)m-anisidine (ESPA) with H2O2, which
absorbed at 540 nm. The increase in absorbance at 540 nm is
directly proportional to glycerol (and triglyceride)
concentration of the sample.

Serum total cholesterol assay kit was used to determine the
total cholesterol according to the method described by Siedel
[28]. The principle is based on the hydrolysis of cholesterol
esters to free cholesterol and fatty acids by cholesterol esterase.
Cholesterol oxidase then oxidizes the free cholesterol
cholesten-3-one and hydrogen peroxide. Reaction of hydrogen
peroxide with 4-aminoantipyrine and phenol catalyzed by
peroxidase formed colored quinoneimine product measured at
520 nm.

High density lipoprotein cholesterol (HDL-cholesterol) was
estimated colorimetrically according to the method described
by Sugiuchi [29] using the assay kit. The reaction principle is
based on the reaction of HDL-cholesterol with polyethylene
glycol-cholesterol oxidase, which produced hydrogen
peroxide. The hydrogen peroxide reacted with 4-
aminoantipyrine and 3-alpha-hydroxysteroid dehydrogenase
under the action of peroxidase to form a purple/blue pigment
that is measured at 600 nm.

The Serum level of low density lipoprotein cholesterol (LDL-
C) was estimated as described Friedewald et al. [30] very low
density lipoprotein cholesterol (VLDL-C) was estimated by the

method of Morita et al. [31] atherogenic index (AI) was
determined as described by Dobiasova and Frohlich [32] and
coronary risk index (CRI) were determined following the
method of Alladi and Shanmugasundaram [33].

Estimation of glycogen contents in liver and kidney tissues:
The glycogen content of liver and kidney were estimated based
on the method described by Maiti et al. [34]. Each of the
Samples was homogenized in 80% ethanol at the concentration
of 100 mg mL-1 then centrifuged at 10,000 rpm for 25 min.
The sediment was dried in a water bath. 5 mL and 6 mL of
distilled water and perchloric acid were added to the dried
sample for further extraction at 4°C for 20 min. This was
centrifuged at 10,000 rpm for 15 min and the supernatant was
removed. Exactly 0.2 mL of the supernatant was measured into
test tube and the volume was made up to 1 mL with distilled
water. Same concentration of glycogen standard was made
with a volume of 1 mL. Exactly 4 mL of anthrone reagent was
then added to each tube and incubated at 95°C in a boiling
water bath for 10 min. The absorbances of the samples were
measured at 630 nm after cooling the tube at room
temperature. The amount of glycogen in tissue samples was
expressed in microgram of glucose per milligram tissue.

Statistical analysis
All the data were expressed as mean ± SEM. Statistical
significance between the groups were tested using one-way
analysis of variance (ANOVA) followed by Dunnett’s t-test
post-hoc test. P-value less than 0.5 was considered significant.

Results
Result of the acute toxicity study indicated that extract caused
no adverse reactions or death of the mice. Intraperitoneal
injection of Streptozotocin in the animals caused a significant
(p<0.05) abnormal lipid profiles characterized by increases in
serum triglycerides, total cholesterol, low density lipoprotein
accompanied by decrease of serum level of high density
lipoprotein (Figure 1). The atherogenic index AI, and coronary
risk index were also increased significant (p<0.05) in diabetic
rats. Treatment with Glibenclamide, methanolic extract of
Momordica charantia and ethyl acetate fraction of Momordica
charantia resulted to a normal levels of lipid profiles and
atherogenic index AI, and coronary risk index. The
hypoglycemic effect of ethyl acetate fraction of Momordica
charantia in Streptozotocin-Nicotinamide induced diabetic rats
is presented in table 1. Hyperglycemia was observed as
indicated in the fasting blood glucose of the diabetic control
rats after the intraperitoneal administration of 50 mg/kg body
weight Streptozotocin and 120 mg/kg body weight
Nicotinamide. Oral treatment of the rats with Glibeclamide
(standard group) and the extracts (methanolic extract group)
and the ethyl acetate group resulted in the significant reduction
(P<0.05) in the blood glucose levels, compared to the diabetic
control (untreated) group. Compared to the standard group, the
ethyl acetate fraction of the extract was more bioactive than the
methanolic extract. The reduction started on day 7 and
continues up to day 30 of the experiment.
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Table 2 presents the hypolipidemic effect of ethyl acetate
fraction of Momordica charantia on Streptozotocin-
Nicotinamide induced diabetic rats. The hyperlipidemia
observed in the diabetic control was indication of diabetic
condition, but upon oral treatment with standard drug
Glibeclamide and the methanolic and ethyl acetate extracts,
hypolipidemia was achieved in the treated groups compared to
the diabetic control (untreated) group.

Data on table 3 is the effect of ethyl acetate fraction of
Momordica charantia on the biochemical parameters on

Streptozotocin-nicotinamide induced diabetic rats. As seen on
the diabetic control (untreated) group, the Streptozotocin-
nicotinamide tampered with the liver biomarker enzymes.
Upon oral treatment with the standard drug glibenclimide and
the extract at a dose of 50 mg/kg body weight, the liver total
protein, total kidney creatinine, serum urea and liver glycogen
were all restored towards normal levels. The ethyl acetate
fraction had more restorative effect on the biochemical
parameters compared to the standard drug and the methanolic
extract (Table 4).

Figure 1. Histopathology of the animals hepatocytes (photograph of Hematoxylin and Eosin (H&E)) different sections were stained with paraffin.
(A): Control: Normal rat liver composed of normal hepatocytes A, sinusoids B central vein C and bile duct D (H&E 100x). (B): Streptozotocin/
Nicotinamide induced diabetic rat liver showing focal intimal erosion A, and vascular congestion B (H&E 100x). (C): Streptozotocin/
Nicotinamide induced diabetic rat liver treated with Glibeclamide showing mild focal intimal erosion A, and vascular congestion B (H&E 100x).
(D): Streptozotocin/ Nicotinamide induced diabetic rat liver treated with methanol extract of Momordica charantia showing mild focal intimal
erosion A, and vascular congestion B (H&E 100x). (E): Streptozotocin/ Nicotinamide induced diabetic rat liver treated with ethyl acetate fraction
of extract of Momordica charantia showing a normal liver architecture (H&E 100x).
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Table 1. Hypoglycemic effect of ethyl acetate fraction of Momordica charantia in Streptozotocin-Nicotinamide induced diabetic rats.

Parameters Day 0 Day 7 Day 14 Day 21 Day 30

Normal control 72 ± 5.6 74 ± 4.71 77 ± 5.82 79 ± 7.31 75 ± 7.84

Diabetic control 211 ± 12.6a 252 ± 10.22a 285 ± 25.6a 311 ± 35.3a 309 ± 45.3a

Diabetic+Glibeclamide 206 ± 7.66a 140 ± 13.74ab 98 ± 8.4b 63 ± 9.6b 61 ± 7.5b

Diabetic+M. charantia 215 ± 10.0a 172 ± 16.82ab 127 ± 11.5ab 98 ± 6.8b 88 ± 8.4b

Diabetic+ethyl acetate fraction 218 ± 9.73a 125 ± 7.50ab 107 ± 9.7ab 75 ± 7.84b 53 ± 6.2ab

Data is expressed as Mean ±SD for six rats in each group. aP<0.05 compared with normal control group (Group 1). bP<0.05 compared with diabetic control group (Group
2).

Table 2. Hypolipidemic effect of ethyl acetate fraction of Momordica charantia on Streptozotocin-Nicotinamide induced diabetic rats.

Parameter Normal control Diabetic control Diabetic+Glibeclamide Diabetic+M. charantia Diabetic+ethyl acetate fraction

TG 61.5 ± 4.56 142.8 ± 14.0a 68.8 ± 6.4ab 86.4 ± 7.40ab 56.4 ± 7.40ab

TC 73.6 ± 6.70 157.0 ± 11.85a 78.2 ± 8.21ab 96.3 ± 5.3b 68.3 ± 5.3b

HDL-C 47.8 ± 5.8 40.7 ± 6.5a 45.5 ± 6.0b 37.5 ± 6.0b 46.8 ± 4.0b

LDL-C 13.5 ± 4.7 87.74 ± 22.5a 18.94 ± 4.8ab 41.52 ± 11.6b 10.25 ± 3.6b

VLDL-C 12.3 ± 0.43 28.6 ± 3.5a 13.76 ± 2.7b 17.28 ± 3.7ab 11.25 ± 1.7b

AI 1.29 ± 0.33 3.50 ± 0.83a 1.51 ± 0.5b 2.31 ± 0.2ab 1.21 ± 0.66b

CRI 1.54 ± 0.12 3.86 ± 1.4a 1.11 ± 0.5ab 2.57 ± 0.9ab 1.46 ± 0.32b

Data is expressed as Mean ± SD for six rats in each group. aP<0.05 compared with normal control group (Group 1). bP<0.05 compared with diabetic control group
(Group 2). LDL-C=TC—TG/5 — HDL-C, VLDL-C = TCHDL-C— LDL-C, AI=TG/HDL-C, CRI=TC/HDL Abbreviations: TG: Triacylglyceride, TC: Total cholesterol, HDL-C:
High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, AI: Atherogenic index, CRI: Coronary
risk index.

Table 3. Effect of ethyl acetate fraction of Momordica charantia on some biochemical parameters in Streptozotocin-Nicotinamide induced diabetic
rats.

Parameters Normal control Diabetic control Diabetic+Glibeclamide Diabetic+M. chanratia Diabetic+ethyl acetate fraction

Serum amylase (U/ml) 383 ± 21.65 589 ± 23.90a 405 ± 27.22ab 468 ± 30.10ab 377 ± 21.8b

Liver total protein (mg/ml) 8.6 ± 0.82 6.5 ± 1.0a 7.6 ± 0.95ab 7 .0 ± 1.1ab 8.4 ± 0.4b

Total kidney protein (mg/ml) 5.4 ± 0.89 3.3 ± 1.50a 5.3 ± 1.20b 4.1 ± 0.87ab 5.7 ± 0.83ab

Serum creatinine (mg/ml) 0.4 ± 0.67 0.8 ± 1.94a 0.6 ± 1.0ab 0.7 ± 0.99ab 0.5 ± 0.69ab

Serum urea (mg/ml) 27.8 ± 8.55 38.5 ± 10.21a 30.19 ± 11.67ab 31.52 ± 14.36ab 30.59 ± 13.0ab

Liver glycogen (mg/g) liver 17.34 ± 0.64 8.3 ± 0.32a 15.4 ± 0.71ab 14.9 ± 0.77ab 16.0 ± 0.51b

Kidney glycogen mg/g liver 2.93 ± 0.41 2.7 ± 0.5.4 2.6 ± 0.69 2.85 ± 0.71 2.10 ± 0.77b

Data is expressed as Mean ± SD for six rats in each group. aP<0.05 compared with normal control group (Group 1). bP<0.05 compared with diabetic control group
(Group 2).

Discussion
The experiment described in this study investigated the
hypoglycemic and insulin mimicking effects of ethyl acetate
fraction of Momordica charantia on Streptozotocin-
nicotinamade induced hyperglycemia in rat models.
Biochemical profile of the rats was used to assess the
hypoglycemic properties of the extract.

Among the physiological functions of insulin is the stimulation
of glycogen synthase and inhibition of glycogen
phosphorylase, leading to the intracellular storage of glucose as
glycogen in the liver and muscle. Various researchers have
reported the selective destruction of insulin producing cell of
islets of Langerhans by streptozotocin-nicotinamide resulting
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to decline of insulin level and impairment of glucose transport
[35-37].

Table 4. Acute toxicity of crude extract of Momordica charantia.

Phases Dosage (mg/kg body weight) Mortality

Phase I

Group 1 10 0/3

Group 2 100 0/3

Group 3 500 0/3

Phase II

Group 4 100 0/3

Group 5 2900 0/3

Group 6 5000 0/3

Our result indicated that intraperitoneal injection of
Streptozotocin in the animals caused a significant (p<0.05)
increase in blood glucose levels (≥ 200 mg/dl) associated with
marked decreased in the level of liver glycogen, whereas there
were no significant change in the level of kidney glycogen.
Liver is an insulin dependent organ that plays vital role in
regulating glucose homeostasis via the maintenance of the
balance between glucose input (glucose uptake and glycogen
synthesis) and out (glycogenolysis and gluconeogenesis) [38].
Insulin mediate aforementioned physiological process through
different mechanism that may involve: increase in levels of
plasma membrane glucose transporter 4 (GLUT4); stimulation
of hexokinase and glycogen synthase kinase 3(GSK3);
inhibition of glycogen phosphorylase, phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase (G6Pase)
[39]. The decrease of liver glycogen may be due to down
regulation of GLUT4, hexokinase and GSK3 under the absent
of insulin. Kidney is an insulin independent organ that
increases the reabsorption of glucose in hyperglycemic
condition. The kidney glycogen content in this study indicated
that there is inhibition of GSK3 and hexokinase under a low
level of insulin. From our findings oral administration of
methanolic leaves extract of and the ethyl acetate fraction of
Momordica charantia leaves at the same dose of 50 mg/kg
body led to normal levels of plasma glucose level and glycogen
in the tissues, thus suggesting that the extract may have
exhibited its antidiabetic action either by stimulating insulin
release from the pancreatic β cell and or by mimicking insulin
action. Following oral treatment with these extracts the
reduction started on day 7 and continues to fall throughout the
period of the experiment with ethyl acetate fraction of
Momordica charantia exhibiting highest hypoglycemic effect.

The study also revealed that intraperitoneal injection of
Streptozotocin in the animals caused a significant (p<0.05)
abnormal lipid profiles characterized by increases in serum
triglycerides, total cholesterol, low density lipoprotein
accompanied by decrease of serum level of high density
lipoprotein (Table 2). The atherogenic index AI, and coronary
risk index were also increased significant (p<0.05) in diabetic

rats (Table 2). Treatment with methanolic leaves extract and
ethyl acetate fraction of Momordica charantia resulted to a
normal levels of this lipid profiles and atherogenic index AI,
and coronary risk index. The results indicates that the
mechanism of action of the extract is not only due to effective
glycemic control but could also due inhibition of triglyceride
and cholesterol synthesis via the activation LDL receptors in
hepatocytes which increases the rate of LDL clearance.
Depression of hormone sensitive lipase could lead to the
lipolysis of stored triglyceride in the adipose tissues, liberating
free fatty acids (FFA) and increased FFA inhibits muscle
phosphorylation of carbohydrates thus leading to
hyperglycemia. Increased catabolism of FFA leads to elevated
levels of ketone bodies which normally causes ketoacidosis in
diabetes. The resulting acetyl-CoA is converted to triglyceride,
very low density lipoprotein VLDL and low density lipoprotein
leading to dyslipidemia; a predisposing factor for the
development of atherosclerosis. Therefore, hyperglycemia has
been linked to the pathogenesis of diabetic complication as a
result of glycation of collagenous proteins and other proteins,
thus causing nephropathy, retinopathy and neuropathy. In-
depth considerations of the biochemistry of diabetic
complications suggest that there is need to improve and
compliment the use of orthodox practice for the treatment of
the multifactoria diabetes disease with novel and effective
antidiabetic agent without side effect.

In this study, intraperitoneal injection streptozotocin-
nicotinamide in the rats resulted to a marked decreased in the
levels of total protein and albumin in the liver and kidney. This
observation might be due to proteinurea and albunuria that are
symptoms of diabetic nephropathy resulting from
hyperglycemia. It might also due to increase degradation of
protein leading to the influx of amino acid into the liver for
gluconeogenesis in diabetic conditions [40-42]. Oral
administration of ethyl acetate fraction of Momordica
charantia at the same dose 50 mg/kg body weight led to the
increase in the liver and kidney total protein and albumin to
normal levels. Considering the A/G ratio of the animals in
Group 5 (diabetic treated with the ethyle acetate fraction of the
extract), in comparison to the animals in Group 2 untreated
(Diabetic control), it is suggestive that the extract would be
effective in the management of proteinurea and albunuria.

From Table 3, the serum levels of urea and creatinine were
seen to increase significantly (p<0.05) in diabetic control
animals (Group 2), compared to the normal control animals
(Group 1) indicating kidney failure and increased deamination
of amino acid for adenosine triphosphate production in diabetic
situation. Oral administration of ethyl acetate fraction of
Momordica charantia at dose of 50 mg/kg body weight
restored the serum levels of urea and creatinine to nearly
normal levels.

The serum level of alpha-amylase in this study increased
drastically in streptozotocin-nicotinamide induced
hyperglycemia as compared to normal rats in Group l.
However, treatment with ethyl acetate fraction of Momordica
charantia at dose of 50 mg/kg body weight orally resulted to a
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significant (p<0.05) reduction in serum levels of alpha-amylase
as compared to the animals in Group 3 that were treated with
the standard drug glibenclimide. Contrary to this finding,
several researchers have reported positive correlation between
streptozotocin induced hyperglycemia and serum alpha-
amylase [43-45]. In fact some researchers attributed this effect
to enhancement of transcription and translation of alpha-
amylase mRNA [46-48]. Controlling glycemic index and
avoiding diabetic complications is very central in the
management of hyperglycemia, which is the hallmark of
diabetes mellitus. Although the exact mechanism of
streptozotocin induction of alpha-amylase is unknown, it is
believed to be due high influx of the enzyme into the plasma as
a result of destruction of the pancreas by streptozotocin
[49,50]. It is known that alpha-amylase catalyzes the
hydrolysis of α-(1,4)-D-glycosidic bond of polysaccharide to
smaller polysaccharide and disaccharides, therefore, inhibition
of this enzyme retards carbohydrate digestion and the
absorption of the resulting monosacchrides thus decreases
postprandial serum glucose levels.

Conclusion
Summarily, this is the first report on antidiabetic properties of
ethyl acetate leave extract of Momordica charantia on
Streptozotocin-Nicotinamide induced type 2 diabetic rats. Our
findings indicated that ethylacetate fraction of the leaves of the
plant has antidiabetic activity at dose 50 mg/kg body weight
with comparable potency as that of the antidiabetic standard
drug glibenclimide. This is substantiated by the ability of the
extract to restore the biochemical indices of the diabetic rats to
normal. The most likely pharmacological agent is suggestive of
a polar agent, since it was extracted by a polar solvent.
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