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ABSTRACT

Objective: To investigate the antidiabetic property of Merremia emarginata (M. emarginata)
Burm. F. plant in streptozotocin induced diabetic rats. Methods: The dose dependent effects
of 28 days oral treatment with methanol extract (100, 200 and 400 mg/kg) from the plant of
M. emarginata on blood glucose level, body weight, insulin, total hemoglobin, glycosylated
haemoglobin (HbA1C), total protein, serum urea, serum creatinine and carbohydrate metabolizing
enzymes were evaluated in streptozotocin induced diabetic rats. Histology of pancreas was also
studied. Results: A significant decrease in blood glucose, serum urea and serum creatinine
and significant increase in body weight, insulin and protein level were observed in diabetic
rats treated with M. emarginata. Treatment with M. emarginata resulted in a significant
reduction of HbA1C and an increase in total hemoglobin level. The activities of carbohydrate
metabolizing enzymes such as hexokinase were significantly increased whereas glucose—6—
phosphatase, fructose—1, 6-bisphosphatase were significantly decreased by the administration of
M. emarginata in diabetic rats. Histology of diabetic rats treated with M. emarginata showed the
pancreatic 3 —cells regeneration. Conclusions: These findings suggest that M. emarginata has
potent antidiabetic activity in streptozotocin induced diabetic rats.

1. Introduction

Diabetes mellitus is a chronic metabolic disease which
may be suspected or recognized clinically by the onset of
one or more of the characteristic symptoms such as polyuria,
polydipsia, polyphagia and unsolved weight loss[1-31. The
high concentration of blood glucose and other biochemical
abnormalities result from a deficiency of B —cells of the
endocrine pancreas and/or from a sub sensitivity to insulin
in target cellsl4-6l. A worldwide survey reported that the
estimated incidence of diabetes and projection for year 2030
is 350 million(7.8]. The management of diabetes mellitus is
considered a global problem and successful treatment is
yet to be discovered9l. Defects in carbohydrate machinery
and consistent efforts of the physiological systems to
correct the imbalance in carbohydrate metabolism pose
an over exertion on the endocrine system leading to
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the deterioration of endocrine control(10-12]. Continuing
deterioration of endocrine control exacerbates the metabolic
disturbances by altering carbohydrate metabolic enzymes
and leads primarily to hyperglycemial13.14].

Plants have always been an exemplary source of drugs
and herbal drugs which have been investigated all over
the world to treat diabetesl1s.16]. Till today more than 1200
species of plants have been screened for activity on the
basis of traditional knowledgell7l. However, the ultimate
objective of their use is that they should interact directly
with our body chemistry without side effects|18,191. Synthetic
hypoglycemic agents that are capable of reducing blood
sugar level possessed most worrying side effects. Most of
the related side effects of synthetic drugs are metallic taste,
gastro—intestinal discomfort and nausea. Therefore, finding
other anti-diabetes agents, especially those made from
natural sources is desired201.

Merremia emarginata (M. emarginata) (Burm. F.) which
belongs to Convolvulaceae family is a procumbent herb
spreading up to 1 m and has yellow coloured flowers. The
plant is widely distributed in India, Srilanka, Phillipines,
Malaya, Tropical Africa and mainly grows in rainy and
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winter season. M. emarginata has been mentioned to
be therapeutically used as deobstruent, diuretic, cough,
headache, neuralgia and rheumatism. Methanol extract of
this plant has been reported for antioxidant and antiobesity
activities2ll. The plant is also traditionally used to treat
diabetes in Srilanka and Indial22].

The present study was undertaken to study the effect
of methanol extract of M. emarginata plant on blood
glucose, body weight, insulin, total hemoglobin, glycated
hemoglobin (HbA1C), protein, serum urea, serum creatinine,
carbohydrate metabolizing enzymes and histological studies
in streptozotocin induced diabetic rats.

2. Materials and methods
2.1. Preparation of plant extracts

The whole plant M. emarginata Burm. F. (Convolvulaceae)
was collected from Trichy district, Tamil nadu, India, during
November 2010. The plant was authenticated by taxonomist
at the Department of Botany, Loyola College, Chennai, India.
A voucher specimen was deposited at the herbarium of the
college for future reference. The whole plant was washed
with distilled water and shade dried for two weeks. After
drying, the plant material was powdered. Powdered plant
material (3 kg) was extracted in Soxhlet apparatus using 9 L.
of methanol at [(50-60) ‘C] and residues of the solvent were
removed under reduced pressure. The yield (8.57% w/w) was
dried in vacuum desicator and stored in a refrigerator at 4 ‘C
for further use.

2.2. Animals

Male Wistar rats weighing (190-200 g) were obtained from
the Central Animal House, Loyola College. The experimental
protocol was approved by the Institutional Ethical Committee
of Loyola College (Reg. No. 367/07/A/CPCSEA). They were
housed in ventilated cages and fed with a normal pellet diet
(Hindustan lever, Mumbai, India) and water ad libitum. The
animals were maintained in accordance with the guidelines
of the National Institute of Nutrition, Indian Council of
Medical Research, Hyderabad, India.

2.3. Acute toxicity study

Healthy adult male Wistar rats were starved overnight,
divided into five groups (n=6) and were orally fed with the M.
emarginata in increasing dose levels of 100, 500, 1000, 2000
and 4000 mg/kg. The animals were observed continuously for
2 h under behavioral, neurological, autonomic profiles. After
a period of 24 and 72 h, they were observed for any lethality
or deathi3].

2.4. Induction of diabetes

After overnight fasting, diabetes was induced by
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intraperitoneal injection of streptozotocin (STZ) (Sigma, St.
Louis, MO) dissolved in 0.1 M cold sodium citrate buffer,
pH 4.5, at a dose of 55 mg/kg(23l. The control rats received
the vehicle alone. The animals were allowed to drink 5%
glucose solution overnight to overcome the drug—induced
hypoglycemia. After 1 week time for the development of
diabetes, the rats with moderate diabetes having glycosuria and
hyperglycemia (blood glucose range of above 250 mg/dL) were
considered as diabetic rats and used for the experiment.

2.5. Experimental design

The rats were divided into six groups of 6 animals in each
group as follows: group I: normal control administered with
0.9% sodium chloride (NaCl); group 1I: STZ—induced diabetic
control administered with 0.9% NaCl; group IIT: diabetic
rats administered with M. emarginata (100 mg/kg); group 1V:
diabetic rats administered with M. emarginata (200 mg/kg);
group V: diabetic rats administered with M. emarginata
400 mg/kg); group VI: diabetic rats administered with
glibenclamide (2.5 mg/kg).

M. emarginata and glibenclamide were suspended in 0.99%
NaCl in warm water as vehicle solution and administered
orally for 28 days.

2.6. Biochemical estimations

The fasting blood glucose was measured on 0, 14, 21 and
28 days by GOD—POD estimation kit. Body weight and
plasma insulin by enzyme linked immunosorbent assay
(ELISA) kit were measured on day 0 and 28. After 28 days
of treatment, the rats were fasted for 16 h. The animals
were then sacrificed by cervical decapitation and blood
was collected in the tubes containing potassium oxalate
and sodium fluoride as anticoagulants for the estimations
of total hemoglobin(24], HbA1CI25], proteinl26l, ureal27] and
creatininel28]l. For enzyme assays, a portion of the liver tissue
was dissected out, washed with ice—cold saline immediately,
and kept at 4 ‘C. The liver tissue was homogenized in
0.1 M Tris—HCI (pH 7.4), and supernatant was quantified
for hexokinase, glucose—6—phosphatase and fructose-1,
6—bisphosphatase spectrophotometrically according to the
commercial instructions of the kits.

2.7. Histopathological study

A portion of pancreatic tissue was dissected out and fixed
in 10% buffered neutral formal saline and processed. After
fixation, tissues were embedded in paraffin. Fixed tissues
were cut at 5 #m and stained with hematoxylin and eosin.
The sections were examined under light microscope and
photomicrographs were taken[29l.

2.8. Statistical analysis

Results were presented as mean = SEM. Statistical
analysis of all the data obtained was evaluated using one—
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way ANOVA followed by Student’s t—test (SPSS Program;
Version 11.5). The differences were considered significant at
P <0.05.

3. Results

The acute toxicity studies revealed the nontoxic nature
of the M. emarginata. There was no lethality or any toxic
reactions found at any of the doses selected until the end of
the study period.

Figure 1 showed the level of blood glucose in normal
and experimental animals on 0, 14, 21 and 28 days after
drug treatment. There was a significant reduction in blood
glucose level in M. emarginata and glibenclamide treated
hyperglycemic animals as compared with diabetic animals.

500,
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Diabetic+M. emarginata 100 mg/kg

300 1 : Diabetic+M. emarginata 200 mg/kg

* Diabetic+M. emarginata 400 mg/kg
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Figure 1. Levels of glucose in normal and experimental rats after 0,
14, 21 and 28 days of treatment with M. emarginata.
Values indicate mean + SEM for six animals; *P < 0.05, **P <0.005,

compared with corresponding control values.

Table 1
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Table 1 showed changes in body weight, the levels of
plasma insulin, total haemoglobin, HbA1C of normal
and experimental rats. There was a significant elevation
in HbA1C, significant decrease in body weight, plasma
insulin and total haemoglobin levels in diabetic rats. The
administration of M. emarginata and glibenclamide to
diabetic rats restored the changes in levels of body weight,
plasma insulin, total hemoglobin and HbA1C to near normal.

The levels of plasma protein, serum urea and creatinine in
control and experimental rats were also shown in Table 1. A
significant increase in urea, creatinine, and a concomitant
decrease in the levels of protein were observed in the
diabetic rats which were reverted to near normal by the
administration of M. emarginata and glibenclamide.

Table 2 showed the activities of hexokinase, glucose—
6—phosphatase, and fructose—1, 6-bisphosphatase in the
control and experimental rats. The activity of hepatic
hexokinase decreased, whereas the activities of glucose—6—
phosphatase and fructose—1,6-bisphosphatase increased in
STZ treated diabetic rats which were reverted to near—normal
by the administration of M. emarginata and glibenclamide.

Figure 2 depicted the histopathological observations of
M. emarginata (100, 200 and 400 mg/kg) treated for 28 days in
STZ induced diabetic rat pancreas of different groups. Figure
2A showed normal islets. Figure 2B showed shrunken islets
and the presence of pancreatic acini in diabetic rat. Figure
2C and 2D showed expansion and dilation of islet cells after
treatment of diabetic rats with M. emarginata (100 and 200
mg/kg), respectively. Figure 2E showed moderate expansion
of islets and hyperplastic islet after treatment of diabetic rats
with M. emarginata 400 mg/kg). Figure 2F showed moderate
expansion of islets and hyperplastic islet after treatment
with glibenclamide.

Levels of body weight, insulin, total hemoglobin, HbA1C, proteins, serum urea and serum creatinine of control and experimental rats after 28 days

of treatment with M. emarginata (mean=SEM).

Body weight (g) Insulin (U/L) Total . Serum
Groups Dav 0 Day 28 Dav 0 Dav 28 hemoglobin  HbA1C (% Hb) Ll Sl creatinine
ay ay ay ay Ly (g/dL) (mg/dL) (mg/dL)
Groupl 1952329.56 22032£2.59 1647£1.57  16.58£1.13  14.86£0.21 5632095  7.2820.57  24.49£3.48 0.30£0.05
Group I 190.679.66 136.6616.39 5.881+1.98 6.4910.91 10.361.31 12.52+1.18 5.37+0.53 67.52+3.14 1.08+0.03
Group Il 191.565.34  173.545.32%  6.06©2.15  10.56-1.64%  12.461.65 846+0.93  5.61H0.54  53.48+2.60%  0.850.02%F
Group IV 191.564.67  184.214.03%% 6875184  12.57E1.17%F  13.39:£1.49 74420.93% 6472059 49.54L2.53%%  (.5740.03%*
Group V 190.3616.22  188.4613.01%* 6.9111.38 14.53F1.12%%  14.34+1.15% 6.5070.84%*  7.31+0.77%  37.36+3.13%%* 0.41710.03%**
Group VI 198.564.19  196.3955.77%% 633146 15515 1.30%F 1430+ 1.05%  6.58F50.51%% 7.4450.57%  26.44F1.85%%  0.3040.02%*

*P < 0.05, **P < 0.005 compared with diabetic control values.

Table 2

Activities of hepatic hexokinase, glucose—6—phosphatase and fructose—1, 6~biphosphatase of control and experimental groups of rats after 28 days

of treatment with M. emarginata (mean=SEM).

Hexokinase (U/g protein) Glucose—6—phosphatase (U/g protein) Fructose— 1,6—biphoshphatase (U/g protein)

Groups
Normal control 275.83%3.12
Diabetic control 154.161-2.66

180.16-3.00%*
214.16+2.83%*
241.16+2.90%%
255.831+3.12%%*

Diabetic + M. emarginata 100 mg/kg
Diabetic + M. emarginata 200 mg/kg
Diabetic + M. emarginata 400 mg/kg
Diabetic + glibenclimide 2.5 mg/kg

0.11=£0.01 475.33%3.06
0.180.02 784.1612.58
0.150.01%** 722.3312.13%%*
0.1310.02%* 654.161.55%*
0.12£0.02** 560.662.67**
0.110.02%* 520.65+2.89%*

*%P < 0.005, compared with diabetic control values.
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Figure 2. Histopathological observations of M. emarginata and glibenclamide treated pancreas in streptozotocin—induced diabetic rats (H&E, 400 ).
A: Normal control (presence of normal pancreatic islet cells); B: Diabetic control (expansion and dilated islet cells); C: Diabetic + M. emarginata
100 mg/kg (mild expansion and absence of dilations); D: Diabetic + M. emarginata 200 mg/kg (moderate expansion of pancreatic islets, showing
prominent hyper plastic islet); E: Diabetic + M. emarginata 400 mg/kg (absence of dilation and prominent hyperplastic of islets); F: Diabetic +
glibenclamide 2.5 mg/kg (absence of dilation and prominent hyperplastic of islets).
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4. Discussion

STZ induced diabetic rats are one of the animal models
of type 1 diabetes mellitus(30l. It is well known for its
selective pancreatic islet beta cell cytotoxicity and has been
extensively used to induce type 1 diabetes in experimental
rat model. Glibenclamide is often used as a standard
antidiabetic drug in STZ induced diabetes to compare the
efficacy of variety of hypoglycemic drugsi311.

This study showed that M. emarginata produced a marked
decrease in blood glucose at 100, 200, and 400 mg/kg in
diabetic rats after 28 days of treatment. The antidiabetic
effect of M. emarginata may be due to increased release
of insulin from the existing B —cells of pancreas. Our
findings are in agreement with those reported by Pareek
et al32]. Further, the antihyperglycemic activity of M.
emarginata was associated with an increase in plasma
insulin level, suggesting an insulinogenic activity of the
plant extracts. The observed increase in the level of plasma
insulin indicates that M. emarginata stimulates insulin
secretion from the remnant beta cells or from regenerated
beta cells. In this context, a number of other plants have
also been reported to exert hypoglycemic activity through
insulin release stimulatory effect(33.34]. Decreased body
weight observed in diabetic control rats in comparison to
normal rats indicates that loss of body weight is a result of
excessive breakdown of tissue proteins[35-411. Treatment with
M. emarginata improved body weight to a certain extent,
indicating that control over muscle wasting resulted from
glycemic control. This suggests the hypoglycemic effect of
M. emarginata in diabetic rats.

Increased non enzymatic glycosylation is one of the
possible mechanism linking hyperglycemia and vascular
complications of diabetes. During diabetes, the excess
glucose present in the blood reacts with hemoglobin to
form HbA1CI42l. In the present study, the diabetic rats had
shown higher level of HbA1C compared with those in normal
rats, indicating their poor glycemic control. M. emarginata
treated diabetic rats significantly decreased the level of
HbAIC and increased total hemoglobin which might be the
result of an improvement in the glucose metabolism.

Kondeti et all42] have reported that STZ induced diabetic
rats account for the observed decrease in the total protein
content. Increased urea production in diabetes might be due
to enhanced catabolism of both liver and plasma proteins(431.
M. emarginata treatment has appreciably normalized the
content of protein and urea. In response to STZ treatment,
creatinine was increased in the serum, suggesting an
impairment of kidney functionsl43l. M. emarginata showed a
clear improvement in kidney functions, perhaps due to the
antioxidant properties.

Hexokinase is the rate—limiting glycolytic enzyme that
is severely impaired during diabetes. The activities of both
glucose—6—phosphatase and fructose—1, 6—bisphosphatase
are increased in the liver during the diabetic conditionl43].
Treatment with M. emarginata has appreciably normalized
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the activity of these enzymes. In the diabetic rats, treatment
with M. emarginata resulted in normalizing the pancreatic
histoarchitecture quite appreciably. An increase in the
number of beta cells in the islets showed that they were
regenerated. Also, the increase in secretory granules in the
cells indicates that the cells were stimulated for insulin
synthesis. A decrease in the number of secretory granules,
nuclear shrinkage and pycnosis, swelling of mitochondria,
hypertrophied cytoplasmic organelles such as Golgi and
endoplasmic reticulum have been observed in the beta cells
of STZ induced diabetic rats.

In conclusion, the present study shows that the methanol
extract of M. emarginata has potential antidiabetic action
in STZ induced diabetic rats and the effect was found to be
more similar to the reference drug glibenclamide.
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