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that have been reported to possess hypoglycemic activity are;
Bryonia alba L., Citrullus colocynthis (L), Schrad., Coccinia
indica Wight et Arn., Cucumis sativus L., Momordica
charantia L., Momordica cymbalaria Hook., Momordica
foetida Schumach. Et Thonn., Tricosanthes dioica Roxb [915].
Melothria maderaspatana (Linn) Cogn. Syn. Mukia
maderaspatana, Cucumis maderaspatana or Mukia scabella
(Family: Cuccurbitaceae) is used as drug in the compound
preparation for chronic diseases in which cough is a
predominant symptom [16] folklores claim this plant as
good diuretic, stomachic, gentle aperients, antipyretic and
anti-flatulent [17]. This plant is recommended in southern
part of Sri Lanka for the alleviation of various forms of liver
disorders [18]. The plant also reportedly found to exhibit
anti inflammatory [19] and anti-cancer [20] activities.
Ethanol extract obtained from aerial parts of this plant
showed a significant anti diabetic, hypolipdemic activities
[21] in rat models. Aqueous extract of M. maderaspatana
was found to exhibit a potent anti-oxidant activity on
different in-vitro models [22]. The present study was
designed from a muse that extract could reduce plasma
glucose level in diabetic animals by inhibition of intestinal
glucose absorption, and/or stimulation of insulin secretion.

Abstract— A study was planned with the ethanol extract of
leaves of Melothria maderaspatana (Family: Cucurbitaceae) to
check its effects on intestinal glucose absorption and insulin
secretion. The results showed that the extract (0.156, 0.312,
0.625, 1.25, 2.5 and 5 mg/mL) demonstrated a significant
reduction in glucose absorption in a dose dependant manner.
A maximum inhibition was observed at 2.5 mg/mL. The
promotion of the extract on insulin secretion was confirmed by
incubating β-cell of pancreatic islets and INS-1E insulinoma
cells with the extract (1-1000 µg/mL). Administration of
extract at 100 and 200 mg/kg p.o. in an oral glucose tolerance
test (OGTT) led to a significant fall in plasma glucose level in
30 minutes after the administration in normal C57BL/6 mice
compared to untreated (p<0.05).
Keywords-M. maderaspatana; OGTT; acute toxicity; glucose
absorption, insulin secretion

I.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder defined
by a persistently elevated blood glucose level that leads to
complications which could be acute and long term. Acutely,
marked hyperglycemia impairs water and electrolyte balance
and energy utilization, causing polyuria, polydipsia,
dehydration, weight loss, and eventually, cerebral
dysfunction and coma [1]. Globally, DM presents enormous
and increasingly important public health issues and its
prevalence in all age groups was estimated to be 2.8 % (170
million) in 2000 and is expected to be 4.4% (366 million) in
2030 [2]. Diabetes occurrence and associated consequences
are found to be higher in countries like India (31.7%), China
(20.8%) and USA (17.7 %) and the rate is expected to rise to
79.4 %, 42.3% and 30.3 % by 2030 respectively in the above
countries [3]. Among the entire diabetes cases world wide,
more than 90 % are type–2 [4] and the overall death rate in
people with diabetes is about twice that of people without
diabetes [5].
Diabetes, since long, has been treated with plant derived
medicines. A number of recent scientific investigations have
confirmed the efficacy of many of these preparations, few of
which are remarkably effective too. [6, 8]. Cuccurbitaceae
species, contributing major segment in drug discovery, has
been recognized in the empirical control of diabetes species

II.

MATERIALS AND METHODS

A. Reagents and Chemicals
PGO enzymes, Colloagenase type V, Soya bean trypsin
inhibitors, and bovine serum albumin fraction V, were
procured from Sigma Chemical Company. Dulbecco
modified Eagle medium, RPMI 1640, fetal bovine serum
(FBS), and penicillin-streptomycin were obtained from
(HiMedia Chemicals) and metformin were obtained from
Aventis Pharma Ltd.
B. Preparation of the extract material
Aerial parts of M. maderaspatana were collected from
Koothiramedu village, Kanchipuram district (Tamil Nadu,
India) during October–December. The plant was
authenticated by Prof.Jayaraman, Director, National Institute
of Herbal Science, PARC, Chennai and a specimen voucher
(Ref. No. PARC/2009/260) has been kept there for future
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the incubation, the sacs were dissected, and the solution in
each sac was examined for its glucose level [24, 25].

reference. Washed and shade dried plant material was
pulverized using a mechanical grinder and kept separately in
an air tight container till used further. Pulverized materials
of M. maderaspatana were soaked in 95% ethanol
separately for 72 h (Maceration) with timely shaking and
stirring. The extract thus obtained was passed through cotton
and the filtrate was concentrated using a rotary vacuum
evaporator at 50 °C.

F. Effect of M.Maderaspatana on insulin secretion in vitro
i. Isolation of pancreas cells
The splenic pancreas was isolated immediately from the
bodies of the mice immediately after their cervical
dislocation. The pancreas was cut into small pieces and
subjected to an enzymatic digestion medium in a
controllable shaker and subjected to a temperature of 37o C
for 20 minutes. The digestion medium consisted of
Dulbecco
modified
minimum
essential
medium
supplemented with 1 mg/mL of colloagenase type V,
2mg/mL of soya bean trypsin inhibitor, and 2 % bovine
serum albumin fraction V. The digested tissue was
centrifuged at 1700 revolutions per minute (rpm) at a
temperature pf 4o C for 15 minutes, washed twice in a
phosphate buffered saline solutions (pH 7.2), and seeded in
culture flasks containing RPMI 1640, supplemented with
10% heat inactivated FBS, 100 U/mL of penicillin, and 100
µg/mL of streptomycin at 37o C in 5% CO2 incubator [26,
27].
ii. Insulinoma cells
INS-IE cell clusters were cultured in a humidified
atmosphere containing 5% CO2 in a complete medium
composed of RPMI 1640 and supplemented with 10 % heat
inactivated FBS, 1 mmol/L sodium pyruvate, 50 µmol/L 2mercaptoethanol, 2 mmol/L glutamine, 10 mmol/L HEPES,
100 U/mL of penicillin, and 100 µg/mL of streptomycin [28].
iii. Insulin secretion
Isolated islets were pre-incubated for 2 h in glucose –
free culture medium. After a low-speed centrifugation (1200
rpm for 10 minutes), cells were resuspended in glucose-free
Krebs-Ringer bicarbonate HEPES buffer (KRBH) (135
mmol/L NaCl, 3.6 mmol/L KCl, 5 mmol/L NaHCO3, 0.5
mmol/L NaH2PO4, 0.5 mmol/L MgCl2, 1.5 mmol/L CaCl2,
and 10 mmol/L HEPES, 0.1 % bovine serum albumin, pH
7.4) and divided into 5 groups, with an equal amount of cells
in 24-well plates and pre-incubated for 1 h. then, the culture
plate was incubated for 1 h with KRBH of 0 mmol/L
glucose (control group) or 16.7 mmol glucose (positive
control) or the extract (1, 10, and 100 µg/mL). Aliquots were
removed from each well, centrifuged, and stored at -20o C
for insulin assay by chemiluminescence enzyme
immunoassay [26, 28].

C. Animals
Animals of either sex maintained in an air-conditioned
room at 25 ± 2°C and relative humidity of 45-55% under a
12 h light/dark cycle. All the animals had free access to
standard diet and water ad libitum. The whole experimental
protocol was approved by the Institutional Animal Ethics
Committee and constituted in accordance with the rules and
guidelines of the committee for the purpose of control and
supervision on experiments in animals, India.
D. Oral Glucose Tolerance test (OGTT) in normal rats
OGTT was performed with overnight fasted male
C57BL/6 mice. In the study, animals were divided into four
groups of six in each. Group I received 0.5% methyl
cellulose solution (vehicle), group II and III received 100
and 200 mg/kg p.o., extract respectively and group IV
received with Metformin 300 mg/kg., p.o. Animals were fed
with glucose (2g/kg., p.o) 30 min after the administration of
drugs. Blood samples withdrawn by puncturing tail vein at 0,
15,30,60,90,120 min of glucose administration and blood
glucose level was determined by using a commercial kit
(The Contour Meter) supplied by Bayer Health Care, India.
The OGT responses were computed from the area under the
curve (AUC) for glucose using Trapezoidal method [23].
E. Effect of M.Maderaspatana on glucose absorption from
the intestine
The everted sacs of the small intestine were isolated
from mice killed by cervical dislocation for glucose
absorption experiment. Specifically, the jejunums were
removed shortly after death and were placed in a KrebsHenseleit solution (Kreb-Henseleit solution [g/L]; 6.92 NaCl,
0.35 KCl, 0.29 MgSO4. 7H2O, 0.28 CaCl2, 0.16 KH2PO4,
and 2.1 NaHCO3) with oxygen. The jejunums were reverted
by using a glass rod and tied at one end with a ligature
thread. A Krebs-Henseleit solution with 140 mg/dL glucose
was injected into the everted jejunums, and the other ends
were tied into jejunal sacs, 1.5 –cm long. The jejunal sacs
were incubated in 10 ml of Krebs-Henseleit solution
containing glucose (140 mg/dL) with the addition of the
plant extract as follows,
Group I: incubated in a Krebs-Henseleit solution with
glucose, 140 mg/dL (Negative control)
Group II -VII: incubated in a Krebs-Henseleit solution
with glucose, 140 mg/dL, and various concentration of
extract at 0.156, 0.312, 0.625, 1.25, 2.5 and 5 mg/mL.
Group VIII: 0.2 mol/L NaF, 0.1 mL (positive control)
The incubation flasks were shaken at 90 oscillations per
minute and maintained at a 37o C for 30 minutes with
carbogen (95% oxygen and 5% carbon dioxide [CO2]. After

III. STATISTICAL ANALYSIS
Data are expressed as the mean ± S.E.M, and the
statistical analysis was carried out by one-way ANOVA
with Bonferroni post ANOVA test using Graph Pad Insat
version 5. The p- value < 0.001 and <0.05 were considered
significant
IV. RESULTS
A.

Oral glucose tolerance test in normal and diabetic
animals
OGTT was performed to estimate the effect of the drug
on insulin and β-cell functions of pancreas at glucose load in
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normal condition [29]. The level of plasma glucose increases
after an oral glucose load to the maximum after 30-90 min
and decreased until 120 min with the final downward move
of > 0.25 mmol/L. The consumption of M.Maderaspatana
markedly altered the glucose tolerance in the test animals
which can be noticed from the decreased AUC. Compared to
the control group, the AUC of glucose in drug treated
animals were significantly lowered (Tab.1).

secretion was found from isolated islets. The extract at
concentrations 1, 10, and 100 µg/mL did show a dose
dependent response on insulin secretion. Glucose inhibitory
action and insulin secretary action of M. maderaspatana
together with its effect on oral glucose tolerance test
suggests that the extract could act by stimulating insulin
secretion beside its effect on increased lipid level in vivo.
Along with the mechanism concerned to specific target
(organ or tissue), the extract has been shown to have a
preventive effect against oxidative damage that could
promote the anti-diabetic ability of body [22].
Postprandial hyperglycemia plays a major role in both
micro and macro vascular complications during diabetes
[30]. The results associated with the current study indicate
that anti-diabetic activity of the extract could be related to
the inhibition of glucose absorption and enhancement of
insulin secretion. The postprandial glucose reducing effect
of M. maderaspatana may be able to effectively decrease
the risk of developing type-2 diabetes among patients with
impaired glucose tolerance. The extract could also act as an
adjunct to insulin in keeping the postprandial glucose level
in control in type-2 diabetes patients [31].
Though the major components responsible for the
observed intestinal glucose inhibitory and insulin secretary
activity were not isolated from M. maderaspatana, the
phytochemical screening of the leaves extract revealed the
presence of Glycoside, flavonoid and phenolics. The
observed beneficial anti-diabetic activity of M.
maderaspatana may be due to the presence of high content
of flavonoid as it is proved to protect cells from oxidative,
stress- mediated cell injury [32]. And the presence of
glycosides may also influence the insulin secretion as well
[33]. Thus these chemical substances may account for the
observed anti-diabetic effects in the study. However, a
separate study is required to be carried out with isolated
constituent from this plant to confirm it.

B.

Inhibition of glucose absorption from intestine
The measurement of glucose concentration in the sacs
after 30 minutes of incubation revealed the inhibiting
activity of M.Maderaspatana on glucose absorption in a
dose response manner (FIG. 1). The maximum inhibition
occurred at 2.5 mg/dL dose level (p<0.05), the inhibition
effects at doses 2.5 and 5.0 mg/dL were not statistically
significant. Sodium fluoride used as reference in this study
exhibited a significant effect on reducing glucose absorption.
C.

Insulin secretion
The extract of M. maderaspatana at 1, 10, and 100
µg/mL concentration apparently induced insulin secretion
from the isolated islets after a static incubation for 1 h (FIG.
2). However the inter-dose statistical significance was not
different. Thus, the doses were increased to 10,100, and 100
µg/mL, for the study with INS-1E. The data obtained here
showed a similar effect that was significantly exerted on
insulin secretion. Moreover, it was shown that inducing
effect of insulin secretion appeared to be dose dependent, the
highest inhibition on glucose absorption was noticed at
highest dose used (1000 µg/mL) (FIG.3)
V. DISCUSSION
The change in plasma glucose levels in response to an
oral glucose load has long been used as clinical procedure
for the diagnosis of DM and in preclinical trials to evaluate
the efficacy of hypoglycemic agents. In this study, the
extract of leaves of M. maderaspatana was administered to
non-diabetic animals exhibited some glucose lowering
activity, specifically within an hour after the glucose load,
this kind of changes were not noted in the non treated
normal groups which received only the vehicle during the
study. However, the effect was not as persistent as in the
case treated with the standard drug metformin (Tab.I).
In our earlier investigation with this plant, ethanol
extract of leaves of M. maderaspatana had been studied to
possess a significant anti-diabetic and hypolipidemic
activities in STZ induced diabetic animals [21]. The present
study was designed to check if the leaves have ability to act
on inhibition of glucose absorption through intestine and
enhance insulin secretion in invitro models. [24, 25]. The
ethanol extract inhibited glucose absorption in a dose
dependant manner. This suggests that the postprandial
glucose reduction of M. maderaspatana could be partially
due to the inhibition of sugar absorption in the small
intestine.
The insulinotropic effect observed in this study was
assessed by using isolated pancreatic islets and INS-IE
Insulinoma cells. Notable effect on glucose induced insulin
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TABLE I.

EFFECT OF ETHANOL EXTRACT OF M.MADERASPATANA ON PLASMA GLUCOSE TOLERANCE ABILITY OF MALE C57BL/6 MICE

Groups (mg/kg p.o.)

Area Under Curve (AUC; y=0)

Vehicle control (0.5% methyl cellulose)

16712.83±259.14

M.maderaspatana 100

14225.17±163.44*

M.maderaspatana 200

12724.00±82.87*

Metformin 300

12091.5±174.38*
*P<0.001 – analysis done bonferroni test
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TABLE II.

EFFECTS OF AN ETHANOL EXTRACT OF M. MADERASPATANA ON MOUSE INTESTINAL GLUCOSE ABSORPTION.

Glucose concentration inside the sacs
(mg/dL)
421.8 ± 0.663
415.8 ± 0.663
401.4 ± 0.510
383.4 ± 1.122
356.6 ± 0.510
295.2 ± 0.583
298.8 ± 0.860
294.8 ± 0.374

Group
Control
M.maderaspatana, 0.156 mg/mL
M.maderaspatana, 0.313 mg/mL
M.maderaspatana, 0.625 mg/mL
M.maderaspatana, 1.25 mg/mL
M.maderaspatana, 2.5 mg/mL
M.maderaspatana, 5.0 mg/mL
Sodium Fluoride

% Inhibition
0.00
1.42
4.84
9.10
20.44
30.01
29.16
30.11
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Figure 1. Effects of an ethanol extract of M. maderaspatana on intestinal glucose absorption. Values are given as mean ± SEM of each group (n=5). Data
were analyzed using one way ANOVA followed by Bonferroni’s multiple comparison test (*p< 0.001)

M. maderaspatana (µg/mL)

M. maderaspatana (µg/mL)

Figure 3. Effects of an ethanol extract of M. maderaspatana on insulin
secretion from INS-IE Insulinoma cell clusters. Values are given as
mean ± SEM (n=5). Data were analyzed using one way ANOVA
followed by Bonferroni’s multiple comparison test (*p< 0.001)

Figure 2. Effect of ethanol extract of M. maderaspatana on insulin
secretion from the isolated mice splenic pancreatic islets. Values
are given as mean ± SEM (n=5). Data were analyzed using one
way ANOVA followed by Bonferroni’s multiple comparison test
(*p< 0.001)
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