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Objective(s): The present study was aimed to evaluate the effect of methanolic fruit extract of
Momordica cymbalaria (MeMC) against high-fat diet-induced obesity and diabetes in C57BL/6 mice.
Materials and Methods: In the present study, six weeks old male C57BL/6 mice were divided into four
groups. G-1 and G-2 served as lean control and HFD control, G-3 and G-4 received MeMC 25 and 50 mg/
kg, BW doses; all the treatments were given for a period of 11 weeks. The parameters such as body weight,
fasting blood glucose, insulin, cholesterol, free fatty acid, and oral glucose tolerance tests were performed,
further; at the end of the study fasting body weight, and weights of organs such as the liver, heart, and adipose
tissue were measured and the liver tissue was subjected to histopathology evaluation, and insulin resistance
was expressed as HOMA-IR index.

Results: The high-fat diet fed C57 mice showed significant elevation of body weight (P<0.01), blood
glucose (P<0.01), insulin (P<0.01), cholesterol (P<0.01), free fatty acid (P<0.01), and HOMA-IR index
(P<0.01) along with significant elevation of all organ weights and reduction in oral glucose tolerance
(P<0.01) and brown adipose weight (P<0.01). The histopathology showed significant fatty infiltration
and hypertrophy of hepatocytes. Interestingly, MeMC (50 mg/kg) alleviated all the HFD-induced
perturbances significantly. Further, the HPLC analysis of MeMC revealed the presence of gallic acid
and rutin as chief ingredients.

Conclusion: MeMC possesses potent antidiabetic activity and ameliorates insulin resistance in HFD

diet fed C57 mice.
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Introduction

Diabetes mellitus is a metabolic disorder associated
with an abnormal increase in blood glucose levels,
perhaps due to defects in insulin secretions, and/or
insulin action, and/or both, which is accompanied by
one or more symptoms such as hyperglycemia, polyuria,
polydipsia, and polyphagia (1). Worldwide the incidence
of diabetes is increasing at an alarming rate, and it is
estimated that India, China, and America will have the
largest population suffering from diabetes by 2030 (2).
In recent times, diabetes and associated complications
such as neuropathy, nephropathy, cardiomyopathy,
retinopathy, and micro and macrovascular complications
have got immense attention, due to lack of safe and
effective medication for the therapeutic management
of these complications (3). Presently many synthetic
classes of drugs are available in the market for the
management of diabetes, however, the potential side/
adverse effects associated with these medications
upon long-term use are the major limitations (3). In
this prospect, the plant-based medicines are thought
to have a better edge over synthetic drugs in terms of
efficacy and safety, hence many scientists are aiming

at herbal therapeutic agents for the management of
diabetes and related complications (4-6). In support of
this, in literature many plants have been scientifically
studied and reported to possess potential antidiabetic
activity, such as Acacia arabica (7), Aegle marmelos (8),
Allium cepa (9), Azadirachta indica (10-11), Boerhavia
diffusa  (12), Musa sapientum (13-14), Terminalia
belerica (15), Withania somnifera (16), and so on. In
this context, Momordica cymbalaria belonging to
family Cucurbitaceae, has been scientifically well
demonstrated to possess various biological activities
such as antidiabetic (17-19), antioxidant (20), antiulcer
(21), antihyperlipidemic (22), anticonvulsant (23),
neuroprotective (24), etc. In our previous study, we
have evaluated the antidiabetic activity of methanolic
fruit extract of Momordica cymbalaria (MeMC) in vitro
using L6 myotubes; we found that MeMC is very potent
in enhancing glucose uptake in L6 myotubes, through
enhanced expression of adiponectin, leptin, PPAR-y,
and GLUT-4 genes (25-26). Further, consistent with
our studies, various parts of M. cymbalaria have been
reported to possess potential hypoglycemic and anti-
diabetic activity (17-19). However, to date, MeMC has
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not been evaluated against diet-induced diabetes. With
this background, we thought to evaluate the effect of
MeMC on HFD-induced diabetes and insulin resistance
in C57BL/6 mice.

Materials and Methods

Drugs and chemicals

The solvent used for HPLC analysis was of HPLC
grade and procured from HiMedia Laboratories Pvt Ltd
(Mumbai, India), Biochemical kits were procured from
ERBA diagnostic (Mannheim GMBH, Germany) and all
solvents used for extraction were of analytical grade and
purchased from local firms.

Collection, processing, and extraction of Plant material

The fruits of M. cymbalaria were purchased from the
Hospete market (Bellary District, Karnataka, India),
during the months of March to May 2013, considering
the seasonal conditions for obtaining the maximum yield
of phytoconstituents. The plant material was identified
and authenticated by Dr K Madhava Chetty, Professor
of Botany, Sri Venkateshwara University, Tirupati. The
plant material was processed and extracted as per the
previously mentioned procedure.

HPLC analysis of methanolic fruit extract of
Momordica cymbalaria

The Shimadzu LC-10 ATVP system equipped with a UV
detector (280 nm wavelength) and Chromtech N 2000
software were used for the current study (Shimadzu
Analytical (India) Pvt. Ltd, New Delhi, India). The
chromatographic conditions were as follows, gradient
elution at a flow rate of 1.5 ml/min was employed on
a symmetry reverse phase C18 column (250 mm x4. 6
mm, ID, 5 um particle size) at ambient temperature.

The mobile phase consisted of methanol in pump A,
and phosphate buffer (pH 3) in pump B. The system
was operated at 1.5 ml/min flow rate with fixed ratios
of solvent A and solvent B (70:30) for 15 min. Twenty
microliters of the sample were injected through a SIL-
20A HTC Prominence autosampler, and the column
oven temperature was maintained at 40 °C. The exact
quantities of the identified ingredients were quantified
by comparing the area under the curve (AUC) of
corresponding reference standards.

In the outcomes of HPLC analysis, rutin and gallic
acid were identified as chief active ingredients with a
concentration of 0.375 mg and 0.0328 mg, respectively
in 5 mg of MeMC. The HPLC chromatogram and
identification and quantification of active compounds
from MeMC are given in Supplementary data 1.

Experimental animals

Six weeks old male C57BL/6 mice were procured
from Vivo Biosciences, Hyderabad, India. Animals were
housed in polypropylene cages at a temperature of
23 °C =+ 1°C and relative humidity of 45% to 55% in a
clean environment under a 12-hr light/dark cycle. All
animals were fed diet and water ad libitum during the
experimental period. After adaptation for a week, mice
were fed either chow diet (10% Kcal, Research Diet Inc,
New Jersey, D10001) or high-fat diet (HFD) (60% kcal
from fat; Research Diet Inc., New Jersey, USA, D12492)
for 10 weeks.
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All experimental protocols involving animals were
approved by Institutional Animal Ethics Committee
(IAEC) of Ms. Connexios Life Sciences Pvt. Ltd., Bangalore
(CPCSEA NO 1241/bc/CPCSCEA), and all experiments
were conducted as per principles and guidelines of the
Committee for the Purpose of Control and Supervision
of Experimentation on Animals (CPCSEA), India.

Acute oral toxicity studies

Acute oral toxicity for MeMC was determined as per
OECD guideline no. 425, and LD50 was calculated using
AOT425 stat program (OECD guidelines no.425, 2001)
(27).

Study design

In the present study, diet-induced obesity (DIO)
mouse model was developed by feeding the HFD to
C57BL/6 mice. The development of hyperglycemic state
was confirmed by checking the fasting blood glucose at
one-week regular intervals.

Grouping of animals and treatment

Following high-fat diet for 11 weeks, the animals were
randomized in to specific treatment groups, based on
the body weight, glucose AUC during OGTT, and fasting
blood glucose levels. The study animals were assigned
into four groups (G1 to G4, n=10), G1 and G2 served as
lean control and HFD control, while G3 and G4 received
MeMC 25 mg/kg and 50 mg/kg doses, respectively. The
25 and 50 mg/kg doses of MeMC were selected based
on the literature reports and pilot study conducted in-
house.

The animals in the lean control group (n = 10) were
fed normal chow diet, while animals in the HFD control
and MeMC treatment groups were fed high-fat diet
throughout the experimental period, and all treatments
were given once a day orally for a period of 11 weeks.

Formulation and administration of the extract

The methanolic extract of M. cymbalaria was
suspended in 3% Tween 80 and administered orally at a
dose volume of 5 ml/kg, the animals in lean control and
HFD control received 3% Tween 80 in distilled water at
a dose volume of 5 ml/kg throughout the study.

Evaluation parameters
Body weight

The body weight was recorded once weekly, from the
day of study initiation to the termination.

Blood glucose measurement

All animals were fasted for 6 hr, and fasting blood
glucose levels were measured using Accu-check
glucometer (Roche Diagnostics), every week until the
end of the study.

Oral glucose tolerance test (OGTT)

This test was performed on the week 10 of the
study; in brief, 2 g/kg body weight of glucose load
was administered by the oral route and OGTT was
determined by measuring the blood glucose levels
at different time intervals viz., -30, 0, 30, 60, 120, and
180 min using an Accu-check glucometer; the blood
samples were collected from the tail vein. The values
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were expressed as mean * SEM, and a graph of time in
minutes vs glucose concentration was plotted and area
under the curve (AUC) was determined.

Estimation of total cholesterol, glycerol and free fatty
acid (FFA)

After 11 weeks of treatment, all animals were fasted
for 6 hr, and under isoflurane anesthesia, blood samples
were collected by retro-orbital puncture and allowed
to clot for 30 min at room temperature, centrifuged
at 10000 rpm for 10 min at 4 °C, and the serum was
collected for analysis.

The serum total cholesterol was measured using
ERBA diagnostic kit (ERBA Mannheim, Mannheim,
Germany) with the help of EM360 auto-analyzer
(Transasia Bio-Medicals Ltd); Glycerol and FFA were
estimated by Colorimetric method using commercially
available Free Fatty acid analysis kit (Sigma-Aldrich,
Bangalore, India) and Randox kit (Randox Laboratories
Ltd, United Kingdom), respectively.

Estimation of serum insulin

Serum levels of insulin were determined by using
Mercodia mouse insulin ELISA kit (Mercodia AB,
Uppsala, Sweden), as per the user manual provided by
the manufacturer.

Assessment of insulin resistance

Using serum insulin and corresponding blood
glucose values, insulin resistance can be calculated by
a well-known and most widely used model known as
Homeostatic model assessment of Insulin Resistance
(HOMA-IR).

Necropsy and organ weights

At the end of the study, all animals were fasted
overnight, body weight was recorded and under deep
ether anesthesia all animals were euthanized and
organs such as liver, mesenteric adipose tissue (MAT),
brown adipose tissue (BAT), epididymal fat and inguinal
fat were collected and weighed. The organ weights were
expressed with respect to body weight (organ weight to
body weight ratio).

Histopathology

After measuring the weight, the liver tissue was fixed
in 10% neutral buffered formalin and subjected for
histopathological evaluation. In short, 4 pum thickness
slices of liver tissue were obtained using a microtome
instrument (Leica RM2235 rotary microtome, Leica
Biosystems, Mumbai, India) and the sections were
stained with hematoxylin and eosin (H&E) and subjected
to evaluation.

Statistical analysis

All experimental findings were expressed as mean *
SEM, and they were statistically analyzed using one-way
ANOVA followed by Dunnett’s multiple comparisons
test. HOMA-IR index was calculated by using the
standard formula obtained from the literature, and
histopathological scores were statistically compared
using the Kruskal-Wallis test (non-parametric test)
followed by Dunn’s Multiple Comparisons Test. All
statistical analysis was performed using GraphPad Prism
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ver. 5.0 for Windows (GraphPad Software, San Diego,
California, USA). The minimum level of significance was
fixed at P< 0.05.

Extraction of plant material
The extractive yield of methanolic extract (MeMC(C)
was found to be 3.2 % W/W

Acute oral toxicity study

The outcome of this study revealed that MeMC is safe
up to 2000 mg/kg, PO. Further, no signs of toxicity were
observed either in the short term (48 hr) or in the long-
term (14 days) observation period.

Development of diabetes and insulin resistance in
C57BL/6 mice

Feeding HFD to male C57BL/6 mice for 10 weeks
resulted in significant rise in body weight (2 fold
increase), blood glucose (hyperglycemia), and insulin
(hyperinsulinemia) compared to the lean control group,
and also the HFD feeding resulted in impaired oral
glucose tolerance. This condition exactly mimics the
diabetes and insulin resistance developed in humans.
These animals were randomized into 4 groups based on
body weight, AUC of OGTT, and fasting blood glucose.

Effect of MeMC on body weight

MeMC (50 mg/kg) has shown a significant decrease
in the body weight from week-2 onwards compared to
HFD control (P<0.01). In contrary, the low dose (25 mg/
kg) of MeMC did not show a significant effect on the
body weight compared to HFD control (Figure 1).

Body weight (g)

0 1 2 3 4 5 6 7 8 9 0 1
Weeks of Treatment

Lean Control E® HFD Control &3 MeMC 25 21 MeMC 50

Figure 1. Effect of MeMC on high fat diet-induced altered body weight
in C57 mice

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica
cymbalaria

All the values are expressed as mean+ SEM (n=10); means of various
groups were statistically compared by one way ANOVA followed by
Dunnett’s multiple comparison test using Graph Pad version 5.0.
The HFD control group animals showed significant increase in body
weight compared to Lean control (P<0.01). The MeMC (25 & 50 mg/
kg) treatment showed significant reduction in body weight compared
to HFD group (P<0.01)
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Figure 2. Effect of MeMC on fasting blood glucose levels in high fat diet fed C57 mice

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica cymbalaria

All the values are expressed as mean+SEM (n=10); means of various groups were statistically compared by one way ANOVA followed by Dunnett’s
multiple comparison test using Graph Pad version 5.0. The HFD control group animals showed significant increase in blood glucose levels
compared to Lean control (P<0.01). The MeMC (25 & 50 mg/kg) treatment from week-6 onwards showed significant reduction in blood glucose

levels compared to HFD group (P<0.01), indicating the anti-diabetic property of MeMC

Effect of MeMC on the glycemic index

The MeMC (50 mg/kg) treated group showed a
significant decrease in blood glucose levels from week 6,
after treatment initiation, onwards. Interestingly, from
week 8 onwards both doses of MeMC (25 & 50 mg/kg)
showed a further decrease in the blood glucose levels
compared to HFD control (P<0.05, P<0.001) (Figure 2).
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Figure 3. Effect of MeMC on oral glucose tolerance in High fat diet fed
C57 mice

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica
cymbalaria

All the values are expressed as mean+ SEM (n = 8); means of various
groups were statistically compared by one way ANOVA followed by
Dunnett’s multiple comparison test using Graph Pad version 5.0.
Figure 3A. Oral glucose tolerance test - The HFD control group animals
showed significant increase in the accumulation of glucose (glucose
tolerance) compared to Lean control (P<0.01). However, the MeMC (50
mg/kg) treatmenthas cleared the blood glucose significantly compared
to HFD group (P<0.01). Figure 3B: AUC of Oral Glucose tolerance test
- The AUC of HFD group was significantly higher compared to lean
control indicating the high glucose intolerance of HFD group. However,
the MeMC (50 mg/kg) treatment has shown lower AUC compared to
HFD group (P<0.01), indicating the ameliorative potential of MeMC
against HFD-induced glucose intolerance

1086

Effect of MeMC on OGTT

In this test, the area under the curve (AUC) obtained
is inversely proportional to extent of glucose tolerance.
In the present study, the HFD control animals showed
higher AUC as an indication of glucose intolerance.
However, MeMC (50 mg/kg) treatment showed a
significant improvement in glucose tolerance, and it
was statistically significant compared to HFD control
(P<0.01), the results are depicted in Figures 3A and 3B.

Effect of MeMC on fasting insulin levels and insulin
resistance

In the present study, the HFD control animals
showed a significant increase in serum insulin levels
compared to lean control (P<0.01), as a cardinal sign
of hyperinsulinemia. However, the MeMC (50 mg/
kg) treated group showed significantly low levels of
insulin compared to HFD control (P<0.01). Further,
hyperinsulinemia and HOMA-IR are two parameters
which have a positive correlation with each other
and represent insulin resistance, in the present study
the HFD control animals showed very high levels of
HOMA-IR index compared to lean control (P<0.01),
which is considered as a hallmark of insulin resistance
state. On the other hand, MeMC (50 mg/kg) treatment
showed lower HOMA-IR index compared to HFD control
(P<0.01), as an indication of good insulin sensitivity or
low insulin resistance. The results are given in Figures
4A and 4B.

Effect of MeMC on cholesterol and FFA levels

In the present study, the HFD control animals showed
asignificantincrease in serum cholesterol and FFA levels
compared to lean control (P<0.01). Interestingly, MeMC
(50 mg/kg) reduced the serum levels of cholesterol and
FFA significantly compared to HFD control (P<0.01).
The results are given in Figures 5 and 6.

Effect of MeMC on liver and adipose tissue weight

In the present study, various tissue weights were
taken and expressed with respect to body weight (organ
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Figure 4. Effect of MeMC on fasting insulin levels and HOMA-IR index

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica cymbalaria

All the values are expressed as mean+SEM (n=10); means of various groups were statistically compared by one way ANOVA followed by Dunnett’s
multiple comparison test using Graph Pad version 5.0. The HFD control group animals showed significant increase in serum insulin levels (P<0.01),
and significant increase in HOMA-IR compared to lean control group, as a sign of insulin resistance. The MeMC (25 and 50 mg/kg) showed
significantly less concentration of serum insulin along with less HOMA-IR index compared to HFD control (P<0.01)
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Figure 5. Effect of MeMC on serum cholesterol levels in high fat diet
fed C57 mice

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica
cymbalaria

All the values are expressed as mean+SEM (n=10); means of various
groups were statistically compared by one way ANOVA followed by
Dunnett’s multiple comparison test using Graph Pad version 5.0. The
HFD control group animals showed significant increase in serum
cholesterol levels compared to Lean control (P<0.01). The MeMC
(25 & 50 mg/kg) treatment showed significant reduction in serum
cholesterol levels compared to HFD group (P<0.05 & P<0.01)

weight to body weight ratio). Particularly, in the HFD
control group, a significant increase in liver weight
and different adipose tissue weights were observed
compared to lean control (P<0.01). However, the MeMC
(50 mg/kg) treatment ameliorated all these changes
and maintained the weight of the liver, MAT, epididymal,
and inguinal fat, significantly less than the HFD control
(P<0.01) and increased the BAT weight compared to
HFD control (P<0.01). The results are given in Figure 7.
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Figure 6. Effect of MeMC on serum free fatty acid levels in high fat diet
fed C57 mice

HFD- High fat diet, MeMC- Methanolic fruit extract of Mommordica
cymbalaria

All the values are expressed as mean+SEM (n=10); means of various
groups were statistically compared by one way ANOVA followed by
Dunnett’s multiple comparison test using Graph Pad version 5.0. The
HFD control group animals showed significant increase in serum free
fatty acid levels compared to Lean control (P<0.01). The MeMC (50
mg/kg) treatment showed significant reduction in serum free fatty
acid levels compared to HFD group (P<0.05)

Effect of MeMC on HFD induced hepatocellular damage

In line with all other findings, histopathology of liver
tissue showed significant fatty infiltration, macrophage
infiltration, vascular changes, and hypertrophy of
hepatocytes in the HFD control group; in contrast, the
lean control animals showed normal cytoarchitecture of
the liver. Interestingly, MeMC 50 mg/kg treated animals
showed very mild fatty infiltration without major
changes in the histoarchitecture of hepatocytes (Figure
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All the values are expressed as mean+SEM (n=10); means of various groups were statistically compared by one way ANOVA followed by Dunnett’s
multiple comparison test using Graph Pad version 5.0. The HFD control group animals showed significant increase in liver weight (P<0.01), MAT
(P<0.01), Inguinal fat (P<0.01), Epididymal fat (P<0.01) weight and decreased the BAT (P<0.01) weight compared to lean control. The MeMC (50
mg/kg) treatment has significantly increased the BAT weight (P<0.01) and significantly reduced the other all tissue weights compared to HFD
control (P<0.01)

P

Lean Control HFD Control MeMC 50 mg/kg

Figure 8. Effect of MeMC on the High fat diet-induced histological
changes of the liver in C57 mice

Illustration showing histopathology of liver of various groups. Lean
control-Showing normal cytoarchitecture, HFD control-Showing
the abnormal cellular changes such as fatty infiltration, macrophage
infiltration, hypertrophy and vascular changes of hepatocytes due to
high fatdiet, MeMC 50 mg/kg- Showing very minimal histopathological
lesions (H&E x100)

8). The histopathological scoring and statistical analysis
of histopathology data are given in Supplementary data
2.

Discussion

In the present study, MeMC was evaluated against
HFD-induced diabetes and insulin resistance in
C57BL/6 mice, the outcomes have demonstrated that
MeMC possesses potent antidiabetic activity and also
reversed the insulin resistance state developed due to
a high-fat diet.
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The C57BL/6 mouse model used in the present study
is considered to very closely mimic the progression of
obesity and diabetes in humans (28). Therefore, this
model is the most widely used and globally accepted
model, relevant to diet-induced obesity (29). In
literature, it is reported that the C57BL/6 mice when fed
with HFD ad libitum, develop obesity, hyperglycemia, and
hyperinsulinemia along with hypertension, however,
they remain lean without metabolic abnormalities when
fed normal chow diet ad libitum (30), the metabolic
changes observed in HFD control are associated with
significant increase in liver weight (metabolic organ),
increase in white adipose tissue weight (epididymal,
inguinal, mesenteric, and others), and decrease in the
brown adipose tissue weights (28, 30).

In agreement with the literature reports, in the
present study, the HFD control animals showed a
significant increase in body weight, blood glucose, and
insulin levels compared to lean control. The HFD control
animals showed a significant increase in the AUC of
oral glucose tolerance test and high levels of insulin. In
short, although there is enough insulin in the systemic
circulation, there was not enough glucose clearance
from the blood, which is otherwise called insulin
resistance state (31). Further, the HOMA-IR index is
one of the most widely used methods for expressing
insulin resistance (32). In present study, the HFD
control animals showed hyperinsulinemia along with
significant increase in HOMA-IR index as an indication
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of insulin resistance, along with these changes the HFD
control animals also showed significant elevation of
total cholesterol and free fatty acid levels as a signs of
hyperlipidemia, which further lead to accumulation of
glycerol and fatty acids in the liver and result in fatty
liver, and hence increase the liver weight; in support
of this, histopathology of liver showed significant fatty
infiltration, macrophage infiltration, and vascular
changes along with hepatocellular hypertrophy. In
addition, evidently clear increase in liver weight, and
increase in white adipose tissue weight (inguinal,
epididymal, and mesenteric) was observed along with a
decrease in the brown adipose mass (BAT).

Interestingly, MeMC (50 mg/kg) treatment
alleviated all these metabolic changes (body weight,
hyperglycemia, hyperinsulinemia, hyperlipidemia, and
altered organ weights) that occurred due to HFD.

Altogether, with these observations, we can conclude
that MeMC elicits these actions by sensitizing the insulin
action, therefore with minimum insulin concentration
the glucose clearance was high. Furthermore, MeMC
also showed a decrease in cholesterol and FFA levels,
with a decrease in liver and white adipose weight, and a
significant increase in the BAT weight compared to HFD,
also the histopathology of MeMC treated group showed
very minimal fatty infiltration in the hepatocytes without
other changes. In fact, increase in BAT is considered a
good sign of better metabolic rate, hence with all these
observations put together, it can be hypothesized that
the metabolic rate and insulin responsiveness was
better in the MeMC treated group compared to HFD
control.

In line with the outcomes of the present study, in
our previous study, we found that MeMC could enhance
glucose uptake and also showed increased expression of
adiponectin, leptin, PPAR-y, and GLUT-4 gene expression
in vitro (25-26). In literature, the role of these markers
in the development of diabetes and insulin has been
well documented. In short, PPAR-y is a nuclear factor
which binds with the PPAR-responsive element (PPRE)
and increases the adiponectin promoter activity in
adipocytes (33). Adiponectin is the most enormously
expressed adipokine and is well known for its insulin-
sensitizing action; through adiponectin receptors
(AdipoR1 and AdipoR2) it activates AMPK, PPAR-q,
and other unknown pathways, to enhance insulin
sensitivity. Thus adiponectin has a positive correlation
with insulin sensitivity (34). In skeletal muscles,
adiponectin increases the expression of CD36 and acyl-
coenzyme-A oxidase, and thereby reduces the free fatty
acid and triglyceride levels, which in turn contribute to
improved insulin signaling transduction (35). Further,
adiponectin also stimulates phosphorylation of acetyl
coenzyme-A carboxylase (ACC) and activates AMPK,
which results in enhanced glucose uptake, increased
fatty acid combustion, reduced gluconeogenesis, and
all these changes together contribute to reduced blood
glucose levels (36). Besides, leptin is yet another chief
adipocytokine known to play a pivotal role in maintaining
the body weight, metabolism and reproductive functions
(37), leptin largely exists in the central nervous system
and is known for its predominant role in regulating
food consumption, specifically lesser levels of leptin
increase food consumption; it is well manifested in
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leptin knockout animals (38), and also it is well known
that obese individuals have very low leptin levels as
compared to healthy volunteers (39).

In our previous studies we observed that MeMC could
enhance the expression of adiponectin, leptin, PPAR-y,
and GLUT-4 genes and increase glucose uptake (25, 26),
thus, the mechanism behind the antidiabetic and insulin
sensitizer activity of MeMC observed in the present
study is thought to be mediating through enhanced
expression of adiponectin, leptin, PPAR-y, and GLUT-4
genes. Further, the HPLC analysis of MeMC revealed the
presence of gallic acid and rutin as chief ingredients;
relevant to the present study gallic acid (40, 41), and
rutin (42-44) are scientifically well proven to possess
potential antidiabetic activity.

Conclusion

With the outcomes of the present study, we can
conclude that MeMC possesses potential antidiabetic
and insulin-sensitizing activity by ameliorating
the HFD induced body weight gain, hyperglycemia,
hyperinsulinemia, hyperlipidemia, and increased
HOMA-IR index along with maintaining the various
organ weights near the normal range.
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