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Abstract
Introduction: Diabetes is a debilitating disease characterized by elevated blood glucose levels, which
is rapidly r eaching endemic proportions throughout the world including Bangladesh. We had previously
evaluated the antihyperglycemic potential of methanolic extract of aerial parts of Spilanthes calva and
tubers of Colocasia esculenta. The objective of this study was to determine whether there is any synergistic
antihyperglycemic activity between the methanolic extracts of the plant parts of the two plants.
Methods: Antihyperglycemic activity and synergistic potential were determined through oral glucose
tolerance tests (OGTT) in mice.
Result: Administration of methanolic extract of aerial parts of S. calva (MESC) at a dose of 400 mg
per kg body weight led to lowering of blood glucose levels in glucose-loaded mice in OGTT by 41.6%.
At the same dose, methanolic extract of tubers of C. esculenta (MECE) lowered blood glucose levels by
25.1%. At doses of 100, 200 and 400 mg each of (MESC + MECE), blood glucose levels in mice were
lowered, respectively, by 38.8, 43.0, and 49.5%. At the highest dose of the combination, the reductions in
blood glucose were comparable to that of a standard antihyperglycemic drug, glibenclamide, which when
administered at a dose of 10 mg per kg lowered blood glucose by 52.2%.
Conclusion: Synergistic antihyperglycemic activity was observed between aerial parts of S. calva and
tubers of C. esculenta in oral glucose tolerance tests. The combination has the potential to be a substitute
for glibenclamide.

Introduction
Diabetes is a disease characterized by elevated blood
glucose levels and which if untreated can rapidly lead to more
complicated disorders like disorders of the heart, kidney, eyes
and brain. Recent years have seen a steady rise in the number of
diabetic patients throughout the world, including Bangladesh,
which possibly may be due to changes in food habits and
lifestyle. Modern medicines cannot cure diabetes, but can be
effective in lowering blood glucose.
More than 7% of males in both rural and urban areas of
Bangladesh suffer from diabetes, as shown in a recent study
[1]. What is also important is that ant diabetic drugs may not
be readily available or affordable to the poorer segments of
the population of Bangladesh who amount to a third of the
population and whose income lies below the poverty level
income of US$ 1 per day. It is to be noted in this connection

that the average cost for just keeping diabetes under control
in patients without any other serious complications has
been estimated to be US$ 314 per year in Bangladesh [2]. It
is therefore necessary in a country like Bangladesh to seek
alternate drugs for lowering elevated blood glucose in diabetic
patients.
Traditional medicinal systems in Bangladesh like Ayurveda,
Unani or folk and tribal medicines have always placed
emphasis on plants for treatment of diabetes [3,4]. Since
Bangladesh is rich in floral species, we had been over the last
few years systematically screening various plant extracts and
polyherbal formulations for their antihyperglycemic activities
as determined through oral glucose tolerance tests in mice [512]. We had previously reported the antihyperglycemic activity
of Colocasia esculenta (known locally as mankochu) stems [13]
and Spilanthes calva (known locally as oshon shak) aerial parts
[14].
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S. calva is an erect annual herb with somewhat hairy stems
and branches. It is usually found in the wild and fallow land
areas of Bangladesh. Leaves of the plant are used in indigenous
medicines for treatment of toothache, constipation, gout,
gum disease, and paralysis in Sylhet and Moulvibazar districts
of Bangladesh [15]. Manipuri tribal healers of Moulvibazar
district, Bangladesh also use leaves of the plant for treatment
of oral lesions [16]. C. esculenta is a fast growing plant with
large-sized leaves that originate from a large corm (tuber). The
plant can grow up to nearly 5 feet in height. The Garo tribal
community of Netrakona district, Bangladesh use stems of the
plant to stop bleeding from cuts and wounds [17].
The objective of the present study was to determine whether
any antihyperglycemic activity exists in C. esculenta tubers, and
if so, to evaluate whether any synergistic antihyperglycemic
activity is present in a combination of S. calva aerial parts and
C. esculenta tubers.

Materials and Methods
Plant material collection
Aerial parts of S. calva were collected from Bandarban district
in December 2015, and tubers (corms) of C. esculenta were
collected in November 2015 from a local market in Dhaka city,
Bangladesh. The plants were authenticated at the Bangladesh
National Herbarium. The accession number for S. calva was
41,887. However, the Herbarium did not provide any accession
number for C. esculenta as only tubers were taken there, but
they did authenticate the tubers to belong to C. esculenta. The
tubers were further authenticated by a qualified botanist of the
University of Development Alternative. Notably, the tubers are
very common and so easily recognized.

Preparation of methanolic extract of plant parts
The aerial parts of S. calva and tubers (non-peeled) of C.
esculenta were sliced separately and dried in the shade and
powdered. Powder was prepared with an electric grinder. 100g

from International Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B). The animals were acclimatized for
three days prior to actual experiments. During this time, the
animals were housed in well-ventilated cages under hygienic
conditions in the animal house of the University. The room
temperature was maintained at 25oC with 12 hours each of light
dark cycle. Animals were given standard mouse chow (obtained
from ICDDR, B and water ad libitum till experiments. The study
was conducted following approval by the Institutional Animal
Ethical Committee of University of Development Alternative,
Dhaka, Bangladesh (Approval No. 35/EC/2016/UODA).

Preliminary phytochemical screening
Preliminary phytochemical analysis of the two extracts for
presence of saponins, tannins, alkaloids, and flavonoids were
conducted as described before [18].

Oral glucose tolerance tests (OGTT) for evaluation of antihyperglycemic activity
Oral glucose tolerance tests were carried out as per the
procedure previously described by Joy and Kuttan [19]. with
minor modifications. Briefly, fasted mice were grouped into
seven groups of five mice each. The various groups received
different treatments like Group 1 received vehicle (1% Tween
20 in water, 10 ml/kg body weight) and served as control,
Group 2 received standard drug (glibenclamide, 10 mg/kg body
weight). Group 3 received methanol extract of S. calva aerial
parts (MESC) at a dose of 400 mg per kg body weight. Group
4 received methanol extract of C. esculenta tubers (MECE) at a
dose of 400 mg per kg body weight. Groups 5-7 received (MESC
+ MECE) each at doses of 100, 200, and 400 mg per kg body
weight, respectively. All substances were orally administered.
Following a period of one hour, all mice were orally administered
2g glucose/kg of body weight. Blood samples were collected 120
minutes after the glucose administration through puncturing
heart. Blood glucose levels were measured by glucose oxidase
method [20]. The percent lowering of blood glucose levels were
calculated according to the formula described below.

of each powder was stirred continuously in 500 ml methanol
for 70 minutes. The mixture was left overnight followed
by fresh stirring for 70 minutes the following morning. The
mixture was again left overnight followed by filtration. All
procedures were conducted at ambient temperature (25oC).
Following extraction, methanol was evaporated at 50oC using
a water bath. Final weight of the extract was 7.677g for S. calva
and 3.986g for C. esculenta. The extracts were stored at -20oC
till use.

Chemicals and drugs
Glibenclamide and glucose were obtained from Square
Pharmaceuticals Ltd., Bangladesh. All other chemicals were of
analytical grade.

Animals
Swiss albino mice of both sexes (male to female ratio::4:1),
aged around 1.5 months and which weighed between 15-18g
were used in the present study. The animals were obtained

Percent lowering of blood glucose level = (1 – We/Wc) X 100,
where We and Wc represents the blood glucose concentration
in glibenclamide or various extracts administered mice (Groups
2-7), and control mice (Group 1), respectively.

Statistical analysis
Experimental values are expressed as mean ± SEM.
Independent Sample t-test was carried out for statistical
comparison. Statistical significance was considered to be
indicated by a p value < 0.05 in all cases [21].

Results
Preliminary phytochemical screening
Preliminary phytochemical screening of MESC showed
the presence of alkaloids, flavonoids, saponins and tannins.
Preliminary phytochemical screening of MECE showed the
presence of alkaloids, flavonoids, and tannins.
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Antihyperglycemic activity evaluation results
Administration of methanolic extract of aerial parts of S.
calva (MESC) at a dose of 400 mg per kg body weight led to
lowering of blood glucose levels in glucose-loaded mice in
OGTT by 41.6%. At the same dose, methanolic extract of tubers
of C. esculenta (MECE) lowered blood glucose levels by 25.1%.
At doses of 100, 200 and 400 mg each of (MESC + MECE),
blood glucose levels in mice were lowered, respectively, by
38.8, 43.0, and 49.5%. At the highest dose of the combination,
the reductions in blood glucose were comparable to that of a
standard antihyperglycemic drug, glibenclamide, which when
administered at a dose of 10 mg per kg lowered blood glucose
by 52.2%. The results are shown in Table 1 and demonstrate
that not only the individual plant parts have antihyperglycemic
activities (as demonstrated by improved glucose tolerance) but
the two plant parts can provide a synergistic antihyperglycemic
action (see Table 1 for significance values of MESC or MECE
against different combinations of (MESC + MECE).

Discussion
To our knowledge, the antihyperglycemic potential of S.
calva aerial parts has not been reported previously except by
us [14]. The ameliorative potential of C. esculenta tubers on
renal and liver growths in streptozotocin diabetic rats has
been reported [22]. The leaves of C. esculenta reportedly possess
constituents capable of inhibiting aldose reductase and so
having the potential for treatment of or reducing diabetes
induced complications [23]. Thus various plant parts of C.
esculenta have antidiabetic potential.
Our preliminary phytochemical screening of the two
plant parts showed the presence of alkaloids, flavonoids and
tannins in common. These classes of compounds have been
shown in a number of reports to possess antihyperglycemic
activity in crude extracts. For instance, phytochemical analysis
of ethanolic extract of whole plant of Tridax procumbens
demonstrating antidiabetic activity indicated the presence
of alkaloids, tannins, flavonoids, saponins, and phenolic

Table 1: Effect of MESC, MECE and (MESC + MECE) on blood glucose level in
hyperglycemic mice following 120 minutes of glucose loading.
Treatment

Dose (mg/kg body
weight)

Blood glucose level
(mmol/l)

% lowering of blood
glucose level

Control

10 ml

5.82 ± 0.25

-

Glibenclamide

10 mg

2.78 ± 0.15

52.2*

(MESC)

400 mg

3.40 ± 0.10

41.6*

(MECE)

400 mg

4.36 ± 0.11

25.1*

(MESC +
MECE)

100 mg each

3.56 ± 0.11

38.8b*

(MESC +
MECE)

200 mg each

3.32 ± 0.09

43.0b*

(MESC +
MECE)

400 mg each

2.94 ± 0.07

49.5 *
a,b

All administrations were made orally. Values represented as mean ± SEM,
(n=5); *P < 0.05; significant compared to hyperglycemic control animals.
a
Significant compared to MESC only; P < 0.5
b
Significant compared to MECE only; P < 0.05

compounds [24]. The antihyperglycemic activity of petroleum
ether extract of leaves of Ficus krishnae has been reported;
the crude extract was found to contain alkaloids, flavonoids,
and tannins [25]. The aqueous extract of Thymus serpyllum
containing alkaloids, flavonoids, and tannins also reportedly
showed hypoglycemic activity [26]. Taken together, the classes
of phytochemicals present in MESC and MECE can be potential
sources of antihyperglycemic agents and as such show
antihyperglycemic activity.
Thus the aerial parts of S. calva and tubers of C. esculenta,
especially the latter, can potentially act as affordable and
readily available sources of plant-based medications for
reduction of blood glucose in diabetic patients and reducing
diabetes-induced complications. That the two extracts can give
synergistic antihyperglycemic effect in combination points
to the importance of rapid identification of the relevant bioactive components.

Conclusion
The two plant parts at the highest dose tested (400 mg each)
showed synergistic action and the resultant antihyperglycemic
activity was comparable to that of glibenclamide. Thus the
plants have the potential not only to act as substitutes for
glibenclamide (an antidiabetic drug) but also merits further
research towards discovery of possible new antidiabetic
compounds.
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