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ABSTRACT
Objective: The objective of the present study was to evaluate the mechanism of action of the active fraction of Stereospermum tetragonum.

Methods: An active fraction was isolated from the water extract (active extract by GTT) using ethanol precipitation. To get insight to the mechanism of
action of the active fraction, glucose uptake by isolated rat diaphragm was performed. Further the effect of active fraction on glucose tolerance in fed rats was
compared with that of fasted rats. Besides, effect of oral administration of the active fraction was compared with that of intra peritonial administration. The
effect of active fraction on serum glucose levels in orally glucose loaded rats was compared with that of intra peritoneal glucose loaded rats.

Results: Glucose uptake in the isolated rat hemi-diaphragm, were increased by the active fraction at 40 µg/ml concentrations, the active fraction
showed promising anti hyper glycemic activity in fed rats when compared with fasted rats. The active fraction was found to be effective in orally glucose
loaded in contrast to intra peritonial route. The result shows that glucose absorbtion from an intestinal tract is inhibited by the active fraction.

Conclusion: Our findings suggest that this plant is promising for further studies leading to the development of valuable medicine for diabetes.
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INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder characterized by
hyperglycemia arising as a consequence of a relative or absolute
deficiency of insulin secretion, resistance to insulin action or both [1].
This is a major health problem throughout the world, with a
worldwide prevalence of 171 million people in 2000, and is expected
to increase 366 million people by 2030. This is a major and growing
public health problem throughout the world, with an estimated
worldwide prevalence of 171 million people in 2000, expected to
increase to 366 million people by 2030. In particular, the number of
people with diabetes in India, currently around 40.9 million, is
expected to rise to 69.9 million by 2030 [2]. India leads the world with
the largest number of diabetic subjects thus earning the dubious
distinction of being termed the ‘‘Diabetes Capital of the World’’ [3]. The
basis of abnormalities in carbohydrate, fat and protein metabolism in
diabetes is deficient action of insulin on its target tissues, resulting
from inadequate insulin secretion and/or diminished tissue responses
to insulin at one or more points in the complex pathways of hormone
action [4]. Although the prevalence of diabetes is consistently
increasing, an effective treatment is still lacking. Current
pharmacotherapeutics insufficiently reverse hyperglycemia, have
limited tolerability, and induce side effects [5]. Hence, the
identification of new pharmacological approaches to effectively
prevent, treat and cure this metabolic disorder is of crucial
importance. In experimental diabetes, enzymes of glucose metabolism
are markedly altered and produce hyperglycemia, which leads to
pathogenesis of diabetic complications. There is an urgent need to
identify indigenous natural resources in order to procure them. In
recent times, many traditionally used medicinally important plants
have been tested for their antidiabetic potential by various
investigations in experimental animals [6-8]. Stereospermum
tetragonum is a medicinal plant that grows throughout tropical parts
of Indian subcontinent, particularly in sandy soils of river beds in
Northern India and other parts of Tamil nadu. It is used in folk medical
practices to treat DM in certain remote villages of Thirunelveli district
of Tamilnadu. In ethno-medical practices, the plant is also used as
diuretic, treat anti ulcer, anti-pyritic etc. Phytochemical analysis
showed the presence of tannins, phenol, glycosides, terpinoids,

coumarins, in the active fraction [9]. Preliminary studies have showed
promising anti-hyperglycemic activity of the roots of Stereospermum
tetragonum. Other studies showed the active fraction showed the
presence of anti-diabetes mellitus activity in diabetic rats. Two active
principles were isolated and charecterised by spectral data. One of
them was identified as an iridoid type glycoside and the other one was
a lapachol like compound [10-12]. The present study was established
for the first time to determine the mechanism of action of
Stereospermum tetragonum with an aim to scientifically prove the
traditional claim of this plant.
MATERIALS AND METHODS

Collection of plant materials
Root parts of S. tetragonum were collected from Tirunelveli district
of Tamilnadu and identified, by Dr. Mathew Don, Taxonomist of
Tropical Botanic Garden and Research Institute (TBGRI), Palode,
Thiruvananthapuram, Kerala State, India. A voucher specimen,
TBGRI 8282, was deposited in the herbarium of TBGRI.
Chemicals and reagents

Insulin was purchased from Knoll Pharmaceuticals Ltd., India.
Glucose, Sodium chloride, Calcium chloride, Sodium bicarbonate,
Sodium di-hydrogen phosphate, Magnesium chloride chemicals used
was of analytical grade and purchased from E. Merck Ltd., Mumbai.
Preparation of water extract

The root parts of the plant were collected, cleaned, dried and powdered.
To prepare water extract, the powder was extracted with distilled water
(5 g/100 ml) by stirring for 4hours and then filtering through filter paper
(Whatman No.1). This process was repeated thrice with the residue. The
combined filtrate was freeze dried in a lyophilizer [12].
Animals

Inbred Wistar rats (150-200 g weight) reared in TBGRI animal
house were used for in vivo experimentation. Animals were caged in
uniform hygienic conditions and fed with standard pellet diet
(Lipton Indian Ltd, Bangalore, India.) and water ad libitum as per the
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guidelines of Institute Animal Ethics Committee (IAEC). IAEC is
approved by CPCSEA (National Committee for the purpose of control
and supervision of experiments on animals). (Approval No: B31/03/2010/ppd-7 dated 31-03-2010)

Isolation of an active fraction

The water extract of the plant was precipitated with ethanol (1:1)
and separated into precipitate fraction and alcohol soluble fraction;
both of the fractions were tested for anti-hyperglycemic activity
using the glucose tolerance test. Alcohol soluble fraction was found
to be active when compared with precipitate fraction. The alcohol
soluble fraction is taken as an active fraction. The active fraction
(AF) was subjected to mechanism action studies.
Glucose tolerance test

This was done as described elsewhere [13]. Rats were divided into
an indicated number of groups. Control group received the vehicle
(water, 1 ml, p. o). The experimental groups received indicated
doses of the active fraction in an identical manner. The rats of all the
groups were loaded with 60% glucose (3 g/kg, p. o) 30 min after
herbal drug (active fraction) administration. Blood samples were
collected by retro-orbital puncture just 1 min prior to drug
administration, and at 30 and 90 after glucose loading. Serum
glucose levels were estimated spectrophotometrically using the
commercial assay Kit [enzymatic method; Monozyme, India Limited]
[12]. Six normal fed animals were used in each group.
Effect of active fraction on glucose uptake by isolated rat hemidiaphragm

Glucose uptake by isolated rat hemi-diaphragm was estimated as
described [14]. Briefly, fifteen over night fasted male wistar rats
weighing 150-175g were sacrificed by cervical dislocation. The
diaphragms were dissected out, washed in PBS and divided into two
equal halves. Weight of each hemi-diaphragm was taken and
grouped in to 6 groups of 6 hemi-diaphragms each. To all test tubes
in the six groups, 2 ml of Tyrode’s solution with 2% (w/v) glucose
were added. One set, the control group received no additions. The
next sets of test tubes received increasing quantity of the active
fraction (10, 20 and 40 μl) each constituting Group 2,3 and 4. To
group 5 test tubes were added 20 μl of active fraction and 0.4 units
of insulin. The sixth group of test tubes was assigned to insulin
control group to which insulin (regular) 0.4 units were added. Final
volume in all groups of test tube was made up to 4 ml by adding
Tyrodes solution without glucose. The isolated rat hemi-diaphragms
were immersed in to these test tubes, making sure that the hemidiaphragm from the same animal is not used twice in the same
group of test tubes. All the test tubes were incubated for 30 min at
37 oC, with shaking at 140 cycles/min. Glucose uptake per gram of
hemi-diaphragm was calculated as the difference between the initial
and final glucose content in the incubated medium.
Effect of active fraction on glucose tolerance in fed versus fasted
rats

Effect of active fraction on glucose tolerance was done both in fasted
and fed normal rats for comparison. Glucose was loaded orally and
active fraction was also administered orally.
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Glucose tolerance in normal rats: effect of intra-peritoneal
versus oral administration of the herbal drug
To compare the efficacy of oral administration of the drug with that
of intra-peritoneal administration, male rats (200 to 240 g) were
divided into 4 groups of 6 rats in each group. Control groups (groups
1 and 2) received 1 ml of water intra-peritoneal and oral route
respectively; and experimental groups (groups 2 and 3) received
intra-peritoneal and oral administration respectively of 1 ml active
fraction (25 mg/kg). Thirty minutes after, the rats were orally
loaded with glucose and glucose tolerance was determined as above.
Glucose tolerance test in intra peritoneal glucose loaded rats

To investigate tolerance to intra-peritoneal glucose loading, rats were
divided into 2 groups of 6 each. Control group received 1 ml of water
and the experimental group received orally 25 mg/kg active fraction
(AF). Thirty min after oral AF administration, rats of both groups were
loaded with 60% glucose (3 g/kg, p. o.) by intra peritoneal injection.
Blood samples were collected at 0, 60 and 90 min after active fraction
administration and glucose levels were measured.
Statistical analysis

Statistical comparisons were done using one-way analysis of
variance (ANOVA) followed by Dunnetts’ test. P values<0.05 were
considered significant.
RESULTS

As shown in Fig.1 under tissue culture conditions, in the isolated rat
hemi-diaphragm, glucose uptake was increased by the active
fraction treatment at 40 µg/ml concentration, but not at lower
concentrations (10µg/ml or 20 µg/ml). Under this in vitro condition,
insulin (0.1 IU/ml) also stimulated glucose uptake by the hemidiaphragm. When the herbal drug (20µg/ml) and insulin (0.1 IU/ml)
were added together, to a large extent, the effect of insulin was
observed on glucose uptake.

Fig. 1: Effect of active fraction of S. tetragonum on glucose
uptake in isolated rat hemi-diaphragm
As shown in table 1, in fasted rats, in contrast to fed rats, the herbal
drug did not influence significantly serum glucose levels in response
to oral glucose loading.

Table 1: Effect of active fraction on glucose tolerance in fed versus fasted rats
Time (min) after glucose administration
Treatment
Fed rats
Control
Active fraction (25 mg/kg) (Oral)
Fasted rats
Control
Active fraction (25 mg/kg) (oral)

0 (initial)

30

90

5.32±0.30
5.37±0.29

8.22±0.56
6.78±0.49**

6.53±0.31
5.7±0.34*

3.14±0.29
3.16±0.3

6.44±0.36
6.21±0.4

Values are mean±SD.; n=6; **, P<0.001, *, P<0.05 (compared to respective control values, Student’s t test)

4.05±0.29
4.10±0.2

As shown in table 2, in glucose tolerance test, intera-peritonial as well as oral route of AF administrations showed almost the same level of antihyperglycemic activity in orally glucose loaded rats.
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Table 2: Effect of different routes of administration of active fraction of S. tetragonum on glucose tolerance in fed and glucose loaded
normal rats
Time (min) after glucose administration
Treatment
Control (oral)
Control (i. p.)
Active fraction (25 mg/kg)
(Oral)
Active fraction (25 mg/kg)
(i. p)

0 (initial)
5.31±0.30
5.36±0.20
5.49±0.26

30
9.29±0.50
9.26±0.46
7.36±0.8**

5.43±0.25

77.29±0.47**

Values are mean±SD; n=6; **, P<0.001, *, P<0.05 (compared to respective control values, Student’s t test)

90
7.17±0.22
7.04±0.26
6.05±0.5*

5.86±0.26**

As shown in table 3, AF did not influence significantly the levels of serum glucose in intra-peritoneal glucose loaded rats, in contrast to oral
administration.
Table 3: Effect of active fraction on serum glucose levels in intra-peritoneal glucose loaded, fed normal rats
Time (min) after glucose administration
Treatment
Control
Active fraction (25 mg/kg) (Oral)

0 (initial)
5.30±0.31
5.28±0.28

30
9.22±0.52
8.42±0.59

Values are mean±SD; n=6; Values are not significantly different from respective control values (Student’s t test)
DISCUSSION

REFERENCES

The active fraction increased glucose uptake by isolated hemidiaphragm at a relatively higher concentration (40µg/ml). These
results suggest a direct stimulatory effect of the fraction on glucose
uptake without the involvement of insulin [15]. This may be the major
mechanism of action of this drug. In contrast to oral administration of
glucose, active fraction did not substantially influence serum glucose
levels, when glucose was loaded through an intra-peritoneal route to
fed rats. Thus, it appears that glucose absorption from the intestinal
tract is inhibited by the active fraction. It can be assumed that the
herbal drug directly or indirectly inhibits to a large extent glucose
absorption/transport from the intestine [16]. In the fasted rats, the
active fraction did not significantly influence serum glucose levels even
in orally glucose loaded rats. Thus, interestingly, the herbal drug
showed anti-hyperglycemic effect, not hypoglycemic activity. Since the
active fraction was found to be effective in orally glucose loaded, fed
rats, not fasted rats, in glucose tolerance test, in fed rats the drug may
be stimulating the release of one or more known or unknown factors
from the gastro-intestinal tract which may block absorption/transport
of glucose directly or indirectly from intestinal tract [17].

1.

CONCLUSION

Glucose uptake in the isolated rat hemi-diaphragm, was increased by
the active fraction treatment at 40 µg/ml concentration, The active
fraction was found to be effective in orally glucose loaded in contrast
to intraperitonial route glucose tolerance test this suggest that the
drug may be stimulating the release from the gastro-intestinal tract
which may block absorption of glucose directly or indirectly from
intestinal tract. Active fraction did not substantially influence serum
glucose levels, when glucose was loaded intra-peritoneal route. Thus
it appears glucose absorption from the intestinal tract is inhibited by
the active fraction.

Finally, we suggest that the active fraction of S. tetragonum root is an
attractive material for further studies leading to the likely development
of safe phytomedicine or conventional medicine for diabetes.
ACKNOWLEDGEMENT

The authors are thankful to Dr. Ajikumaran Nair, Technical Officer,
TBGRI.
CONFLICT OF INTERESTS

All authors have none to declare

2.
3.
4.

5.

6.
7.
8.
9.

10.
11.
12.
13.

90
6.97±0.29
6.55±0.39

American Diabetes Association. “Diagnosis and classification of
diabetes mellitus.” Diabetes Care 2011;34:62–9.
Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004;27:1047–53.
Mohan V, Sudha V, Radhika G, Radha V, Rema M, Deepa R.
Gene–environment interactions and the diabetes epidemic in
India. Forum Nutr 2007;60:118–26.
Devendra D, Liu E, Eisenbarth GS, Eisenbarth GS. Type 1
diabetes: recent developments. Br Med J 2004;328:750–4.
Eurich DT, McAlister FA, Blackburn DF, Majumdar SR, Tsuyuki
RT, Varney J. Benefits and harms of antidiabetic agents in
patients with diabetes and heart failure: systematic review. Br
Med J 2007;335:497.
Sharma B, Balomajumder C, Roy P. Hypoglycemic and
hypolipidemic effects of flavonoid rich extract from Eugenia
jambolana seeds on streptozotocin induced diabetic rats. Food
Chem Toxicol 2008;46:2376–83.
Kondeti VK, Badri KR, Maddirala DR, Thur SK, Fatima SS,
Kasetti RB. Effect of Pterocarpus santalinus bark, on blood
glucose, serum lipids, plasma insulin and hepatic carbohydrate
metabolic enzymes in streptozotocin induced diabetic rats.
Food Chem Toxicol 2009;48:1281–7.
Algandaby MM, Alghamdi H, Ashour OM, Abdel-Naim AB,
Ghareib SA, Abdel-Sattar, et al. Mechanisms of the
antihyperglycemic activity of Retama raetam in streptozotocininduced diabetic rats. Food Chem Toxicol 2010;48:2448–53.
Wagner H, Bladt S, Zgainski EM. Plant drug analysis. SpringerVerlag, Berlin, Heidelberg, New York, Tokyo; 1984.
Bino Kingsley R, Ajikumaran Nair S, Anil John J, Mishra M,
Brindha P, Subramoniam A. Anti-diabetes mellitus activity of
Stereospermum tetragonum DC. in alloxan diabetic rats J
Pharmacol Pharmacother 2012;3:191-3.
Renjit Bino Kingsley, Manisha Mishra, Pemaiah Brindha,
Appian Subramoniam. Anti-diabetic activity of active fractions
of Stereospermum tetragonum DC and isolation of active
principles J Young Pharm 2013;3:7-12.
Ajikumaran NS, Shylesh BS, Gopakumar B, Subramoniam A.
Anti-diabetes and hypoglycemic properties of Hemionitis
arifolia in rats. J Ethnopharmacol 2006;106:192-7.
Trinder P. Determination of blood glucose using an oxidaseperoxidase system with a non-carcinogenic chromogen. J Clin
Pathol 1969;22:158-61.
314

Kingsley et al.

14. Ghosh R, Sharatchandra KH, Rita S, Thokchom IS. Hypoglycemic
activity of Ficus hispida stem (bark) in normal and diabetic
albino rats. Indian J Pharmacol 2004;36:222-5.
15. Elizabeth ED, Stephen EH, Theodoros TS, Allen V, Toolsie R,
Volchuk HT, et al. Stimulation of glucose uptake by the natural
coenzyme α-Lipoic Acid/Thioctic acid: participation of elements of
the insulin signaling pathway. Diabetes 1996;45:1798-804.

Int J Pharm Pharm Sci, Vol 7, Issue 10, 312-315

16. Chattopadhyay RR, Sarkar SK, Ganguly S, Banerjee RN, Basu TK.
Effect of leaves of Vinca rosea Linn. on glucose utilization and
glycogen deposition by isolated rat hemidiaphragm. Indian J
Physiol Pharmacol 1992;36:137-8.
17. Kellett GL, Jamal A, Robertson JP, Wollen N. The acute
regulation of glucose absorption, transport and metabolism in rat
small intestine by insulin in vivo. Biochem J 1984;3:1027–35.

315

