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Antihyperglycemic Activity of the Aqueous Stem Extract of

Coscinium fenestratum in Non–insulin Dependent Diabetic Rats

Annie Shirwaikar, K. Rajendran, and I.S.R. Punitha

Department of Pharmacognosy, Manipal College of Pharmaceutical Sciences, Manipal, India

Abstract

The antihyperglycemic potential of the aqueous stem extract
of Coscinium fenestratum Colebr. (Menispermaceae), a
medicinal plant widely used in traditional Ayurveda
and Siddha systems of medicine for the treatment of
diabetes mellitus, was evaluated in the streptozotocin-
nicotinamide–induced type 2 diabetic model. Graded
doses of the aqueous stem extract were administered
to normal and experimental diabetic rats for 12 days.
In extract-treated diabetic rats, an insulin-independent
action with significant reduction in blood glucose,
serum triglyceride, and cholesterol levels was observed. In
addition, other parameters like change in body weight,
thiobarbituric acid reactive substance levels, glycosylated
hemoglobin and liver glycogen levels, assessed in the
extract-treated diabetic rats, were compared with diabetic
control and normal animals. Significant results were
observed in the above parameters thereby justifying the
use of the plant in the indigenous system of medicine.

Keywords: Antihyperglycemic activity, aqueous extract,
Coscinium fenestratum, Menispermaceae, streptozotocin-
nicotinamide–induced diabetes.

Introduction

Diabetes mellitus is a syndrome of impaired carbo-
hydrate, fat, and protein metabolism caused by either
lack of insulin secretion or by decreased sensitivity of
the tissues to insulin characterized by chronic hypergly-
cemia (Setter et al., 2000). The worldwide prevalence of
diabetes has risen in the past two decades. Type 2 dia-
betes is more common, and its prevalence is expected
to rise more rapidly in the future because of increasing
obesity and reduced activity levels. Though several new

pharmacological agents have been developed for the
management of diabetes, the treatment of diabetes with
herbal remedies has also been increasing among practi-
tioners. Ancient Indian literature has prescribed various
herbs for the cure of diabetes mellitus.

Many indigenous drugs have been used by the practi-
tioners of the Ayurvedic system for the treatment of
diabetes mellitus in India. Infusion and tincture prepara-
tions of the stems of Coscinium fenestratum are widely
used for the treatment of diabetes in Ayurveda (Varier,
1994). In the Siddha system of medicine, the powdered
stems in milk are given to diabetic patients (Chinnaiah,
2002). In Kanyakumari district, Tamilnadu, India, the
rural folk use the decoction of the stems to cure diabetes
(Kalavincela, 1998). The stem extract has been reported
for its hypotensive activity (Singh et al., 1990). Prelimi-
nary screening of this plant showed good antidiabetic
activity (Mahapatra, 1997). The current investigation is
an attempt to study the antidiabetic activity of the
aqueous stem extract of Coscinium fenestratum using
the streptozotocin-nicotinamide–induced type 2 diabetes
mellitus model.

Materials and Methods

Animals

Healthy adult male Wistar albino rats between 2 and 3
months of age weighing about 250–300 g were used for
the study. The animals, housed in polypropylene cages
maintained under standard conditions (12 h light=dark
cycle; 25� 3�C; 35–60% humidity), were fed standard
rat pellet diet (Hindustan Lever Ltd., Mumbai, India)
and water ad libitum. The Institutional Animal Ethical
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Committee of KMC, Manipal, India (IAEC=KMC=03=
2003-04), approved the study.

Chemicals and instruments

Procurement of chemicals were as follows: STZ (Sigma
Aldrich Chemie GmbH, Germany), trichloroacetic acid,
glucose (NICE Chemical Pvt. Ltd., Cochin, India),
nicotinamide (Qualigens Fine Chemicals Ltd, Division
of Glaxo India Ltd., Mumbai, India), thiourea (S.D.
fine-chem. Ltd., Mumbai, India), anthrone (SISCO
Research Laboratories Pvt. Ltd., Mumbai, India).

Blood glucose levels were estimated by glucose
oxidase peroxidase reactive strips (Accu-chek, Roche
Diagnostics, USA). Serum insulin levels were estimated
by radioimmuno assay kit issued by the Board of Radi-
ation and Isotope Research, Bhaba Atomic Research
Center (BARC), Mumbai, India. Serum lipid profiles
and glycosylated hemoglobin levels were estimated by
an auto analyzer (Hitachi 912, USA).

Plant material

The stems of the plant material of C. fenestratum were
purchased from Jogappa Shanbag Ayurvedic Store
(Udupi, Karnataka, India) during the month of August
2003. The plant was authenticated by Dr. Gopalakrishna
Bhat, Department of Botany, Poorna Prajna College,
Udupi, Karnataka, India. A voucher specimen (PP
526) has been deposited at the Department of Pharma-
cognosy, Manipal College of Pharmaceutical Sciences,
Manipal, India.

Preliminary phytochemical screening

Preliminary phytochemical screening (Kokate, 1994;
Harborne, 1998) of the aqueous extract revealed the
presence of alkaloids, saponins, phenolic substances,
and carbohydrates.

Preparation of stem extract

The aqueous extract was prepared by cold maceration of
125 g of the dried stem powder for 7 days in 500ml of
chloroform water [the chloroform water was prepared
by shaking together water: chloroform (99:1) and then
discarding the chloroform layer]. The extract was
filtered, concentrated, dried in vacuo, and the residue
(yield 34 g) was stored in the refrigerator at 2–8�C for
use in subsequent experiments.

Acute toxicity studies

Healthy adult Wistar albino rats of either sex, starved
overnight, were divided into four groups (n ¼ 6) and
orally fed with the aqueous extract of C. fenestratum in

increasing dose levels of 100, 500, 1000, and 3000mg=kg
body weight (Ghosh, 1984). The rats were observed
continuously for 2 h for behavioral, neurological, and
autonomic profiles and thereafter at 24 and 72 h for
any lethality (Turner, 1965).

Oral glucose tolerance test

The oral glucose tolerance test (Bonner-Weir, 1988) was
performed in overnight fasted (18 h) normal animals.
Rats divided into four groups (n¼6) were administered
2% gum acacia solution, aqueous extract (250mg=kg),
aqueous extract (500mg=kg), and glibenclamide
(0.25mg=kg), respectively. Glucose (2 g=kg) was fed
30min after the administration of extracts. Blood was
withdrawn from the retro-orbital sinus under light ether
anesthetized condition at 0, 30, 60, 90, and 120min of
extract administration, and fasting blood glucose levels
were estimated.

Normoglycemic studies

Normoglycemic study was performed in normal rats
without diabetic induction. Rats divided into four groups
(n ¼ 6) were administered 2% gum acacia solution, aque-
ous extract (250mg=kg), aqueous extract (500mg=kg),
and glibenclamide (0.25mg=kg), respectively. The blood
glucose levels were estimated on day 0, day 5, and day 12.

Antihyperglycemic studies

Induction of experimental diabetes

Type 2 diabetes mellitus was induced (Masiello et al.,
1998) in overnight fasted animals by a single intraperito-
neal injection of 60mg=kg streptozotocin (STZ), 15min
after the i.p. administration of 120mg=kg nicotinamide.
The elevated glucose level in the blood determined at
72 h and then on day 7 after injection confirmed hyper-
glycemia. The rats found with permanent non–insulin
dependent diabetes mellitus (NIDDM) were used for
the antidiabetic study.

Experimental design

The diabetic animals divided into four groups (n ¼ 6)
were administered 2% gum acacia solution, aqueous
extract (250mg=kg), aqueous extract (500mg=kg), and
glibenclamide (0.25mg=kg), respectively, for 12 days.
Fasting blood glucose levels were estimated on day 0,
day 5, and day 12.

The effects of administration of C. fenestratum
aqueous stem extract on diabetic rats were estimated
on the 12th day after the animals were sacrificed by
decapitation. The parameters evaluated were serum
insulin level, serum lipid profile, liver glycogen
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(Nicholas, 1956), glycosylated hemoglobin level, thiobar-
bituric acid reactive substances (TBARS) level (Ohkawa
et al., 1979), and changes in initial and final body weight.
The protein content in the homogenate was estimated by
the method of Lowry et al. (1951).

Statistical analysis

Data were statistically evaluated by using one-way
ANOVA, followed by post hoc Scheffe’s test using SPSS
computer software (ver. 7.5). The values were considered
significant when p < 0.05.

Results

Acute toxicity studies revealed the nontoxic nature of the
aqueous extract of C. fenestratum. There was no lethality
or toxic reactions found at any doses selected through
the end of the study. In the oral glucose tolerance test,
the aqueous extract showed a significant reduction in
blood glucose levels from 30min onwards (Table 1). In
normal animals, a significant reduction in the blood glu-
cose level was observed as compared with the control
(Table 2). Induction of diabetes in the experimental rats
was confirmed by the presence of high blood glucose
level. The effects of the aqueous stem extract on fasting
blood glucose levels in diabetic animals are presented in
Table 3. The difference between fasting blood glucose
level in the diabetic rats and control rats were found to

be statistically significant. The effects on serum insulin
levels are presented in Table 4. Significant (p < 0.05)
difference was observed in glycosylated hemoglobin
levels (Table 4), serum lipid profiles (Table 5), changes
in body weight (Table 6), liver glycogen levels, and thio-
barbituric acid reactive substances levels (Table 7) of
extract-treated diabetic animals when compared with
the diabetic control and normal animals.

Discussion

The current study was undertaken with the objective of
exploring the antidiabetic potential of C. fenestratum,
which even at high concentrations did not produce any
muscular weakness or cause any gross behavioral distur-
bances in the rats, thereby suggesting its nontoxic nature.
The oral glucose tolerance test and normoglycemic study
revealed the significant antihyperglycemic activity
exerted by the aqueous extract. The high blood glucose
level observed in the blood of streptozotocin-induced
rats indicates the establishment of a diabetic state (Ladeji
et al., 2003). Administration of graded doses of aqueous
extract for a 12-day experimental period produced a
statistically significant decrease in blood glucose concen-
tration when compared with the diabetic control
(p < 0.05). No significant change was noted in serum
insulin levels of the diabetic animals treated with the
aqueous extract, thereby suggesting that the extract
probably exerts significant antihyperglycemic activity

Table 1. Effect of aqueous stem extract of Coscinium fenestratum on oral glucose tolerance test.

Blood glucose concentration (mg=dl)

Group Treatment 0min 30min 60min 90min 120min

I Control (vehicle) 88.6� 9.8 110� 2.3 104� 11.8 101.5� 13.4 97.5� 6.2
II Aq. extract (250mg=kg) 82.4� 7.9 101� 11.2a 97.3� 8.5 92.7� 8.4a 89.7� 7.5a

III Aq. extract (500mg=kg) 80.2� 3.2 98.9� 7.3a 92.1� 8.9a 88.1� 7.7a 86.3� 9.4a

IV Glibenclamide (0.25mg=kg) 82.1� 5.1 85.7� 6.1a 78.9� 2.7a 76.5� 5.2a 68.6� 3.9a

Each value represents mean� SE, n ¼ 6.
aRepresents statistical significance vs. control (p < 0.05).

Table 2. Effect of aqueous stem extract of Coscinium fenestratum on normal animals.

Blood glucose concentration (mg=dl)

Group Treatment Day 0 Day 5 Day 12

I Control (vehicle) 74.3� 1.7 74.8� 3.6 75.4� 4.8
II Aq. extract (250mg=kg) 78.7� 9.6 74.3� 6.1 70.1� 5.3a

III Aq. extract (500mg=kg) 72.3� 5.4 68.8� 2.9a 63.1� 2.6a

IV Glibenclamide (0.25mg=kg) 74.7� 5.7 67.2� 5.9a 59.8� 4.0a

Each value represents mean� SE, n ¼ 6.
aRepresents statistical significance vs. control (p < 0.05).

Antihyperglycemic activity of Coscinium fenestratum 709



by an extra pancreatic mechanism, independent of
insulin secretion. Similar findings on other medicinal
plants have been reported in studies by Jouad et al.
(2003), Hannan et al. (2003), and Sachdewa et al. (2003).

Lipoprotein abnormalities are very common in indivi-
duals with both non–insulin dependent and insulin
dependent diabetes. Although lipoprotein alterations
appear to be an intrinsic part of these disorders, such

alterations are also induced by diabetes-associated
complications such as obesity and renal diseases
(Howard & James Howard, 1994). A report by The
Expert Panel, National Cholesterol Education Program
(1988) has focused attention on the necessity for manag-
ing lipid disorders. Recent studies show that triglycerides
are also independent risk factors for coronary heart
disease (Bainton et al., 1992; National Cholesterol

Table 4. Effect of aqueous stem extract of Coscinium fenestratum on serum insulin and glycosylated hemoglobin (whole blood) in
diabetic rats.

Group Treatment Insulin (mU=ml) Glycosylated hemoglobin (%)

I Normal 125.7� 15.3 3.2� 0.5
II Diabetic control 95.4� 9.8 7.1� 0.2
III Aq. extract (250mg=kg) 99.9� 8.4 5.1� 0.3a,b

IV Aq. extract (500mg=kg) 98.5� 7.9 4.9� 0.2a,b

Each value represents mean� SE, n ¼ 6.
aRepresents statistical significance vs. control (p < 0.05).
bRepresents statistical significance vs. normal (p < 0.05).

Table 3. Effect of aqueous stem extract of Coscinium fenestratum on diabetic animals.

Blood glucose concentration (mg=dl)

Group Treatment Day 0 Day 5 Day 12

I Diabetic control 223.7� 18.6 230� 11.6 231.4� 14.3
II Aq. extract (250mg=kg) 171.3� 11.3 141.3� 18.5a 118.3� 13.4a

III Aq. extract (500mg=kg) 169.8� 15.4 126.8� 12.9a 96.3� 18.7a

IV Glibenclamide (0.25mg=kg) 187.7� 15.7 126.2� 13.9a 103.8� 14.0a

Each value represents mean� SE, n ¼ 6.
aRepresents statistical significance vs. control (p < 0.05).

Table 6. Effect of aqueous stem extract of Coscinium fenestratum on changes in body weight in diabetic rats.

Group Treatment Initial (g) Final (g)

I Diabetic control 273.3� 14.2 201.9� 13.2
II Aq. extract (250mg=kg) 224.7� 17.4 215.4� 16.3a

III Aq. extract (500mg=kg) 247.5� 15.6 233.9� 12.7a

Each value represents mean� SE, n ¼ 6.
aRepresents statistical significance vs. control (p < 0.05).

Table 5. Effect of aqueous stem extract of Coscinium fenestratum on serum lipid profile in diabetic rats.

Group Treatment Triglyceride (mg=dl) Total cholesterol (mg=dl) HDL cholesterol (mg=dl)

I Normal 92.4� 1.7 59.3� 2.6 53.0� 3.2
II Diabetic control 183.0� 13.2 123.9� 15.2 35.2� 2.7
III Aq. extract (250mg=kg) 132.8� 11.3a,b 73.5� 1.3a,b 39.2� 6.3a,b

IV Aq. extract (500mg=kg) 98.3� 4.7a,b 64.7� 6.7a,b 47.4� 2.7a,b

Each value represents mean� SE, n ¼ 6. HDL, high-density lipoprotein.
aRepresents statistical significance vs. control (p < 0.05).
bRepresents statistical significance vs. normal (p < 0.05).
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Education Program Expert Panel, 1994). In our study,
the increase in serum triglycerides and cholesterol
observed in diabetic rats is in agreement with the findings
of Nikkila and Kekki (1973). Insulinopenia in STZ-
diabetic rats suggests association with lipid over-
production in the basal (hyperglycemic) state (Burcelin
et al., 1995). Oral administration of the aqueous extract
resulted in a significant decrease in serum triglycerides
and serum cholesterol. Preliminary screening of the aque-
ous extract of C. fenestratum revealed the presence of
saponins, alkaloids, and phenolic substances. The under-
lying mechanism of lipid-lowering activity of C. fenestra-
tum may be due to the inhibition of lipid absorption by
saponins and phenolic substances present in the aqueous
extract. In this context, similar findings have been
observed in studies conducted on other medicinal plants
byDwivedi andAgarwal (1994), Vaidya (1994),Hostettman
andMarston (1995), Ram et al. (1997), and Berrougui et al.
(2003). In our investigation, weight loss associated with
treated diabetic rats may be attributed directly to the lipid-
lowering activity of the extract or indirectly to its influence
on various lipid regulation systems.

Glycogen synthesis in the rat liver and skeletal muscles
are impaired during diabetes (Huang et al., 2000). In
diabetic animals treated with the extract, the significant
increase in the liver glycogen may be due to the acti-
vation of the glycogen synthase system by the aqueous
extract. Glycosylated hemoglobin is known to increase
in patients with diabetes mellitus (Koeing et al., 1976),
and the increase has been found to be directly
proportional to the fasting blood glucose level (Jackson
etal., 1979).The significant reduction inglycosylatedhemo-
globin of extract-treated diabetic rats indicates its efficiency
in glycemic control. In earlier studies by the authors, an
increase was observed in the TBARS level of STZ induced
diabetic rats (Shirwaikar et al., 2004). In the current study,
the elevated TBARS levels were significantly reduced on
treatment with C. fenestratum extract.

Saponins have been reported to possess good antihy-
perglycemic activity in recent studies (Sauvaire et al.,
1996; Vats et al., 2003). Hence, the significant antihyper-
glycemic activity exerted by the aqueous stem extract of

Coscinium fenestratum in our study may be attributed to
the presence of saponins, alkaloids, and phenolic sub-
stances. Studies are in progress to elucidate the molecular
and cellular mechanism of the extract. Longer duration
studies on chronic models may contribute toward the
development of a potent antidiabetic drug.
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