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Antidiabetic properties of the alcoholic extract of 
Sphaeranthus indicus in streptozotocin–nicotinamide 
diabetic rats 

Kirti S. Prabhu, Richard Lobo and Annie Shirwaikar 

Abstract 

We have investigated the possible antihyperglycaemic effects of Sphaeranthus indicus extract in rats
rendered diabetic by nicotinamide (120 mgkg−1 i.p.) and streptozotocin (STZ) (60 mgkg−1 i.p). Fasting
plasma glucose levels, serum insulin levels, serum lipid profiles, magnesium levels, glycosylated hae-
moglobin, changes in body weight and liver glycogen levels were evaluated in normal and diabetic
rats. Oral administration of S. indicus for 15 days resulted in significant decrease in blood glucose
levels and increases in hepatic glycogen and plasma insulin levels. Fasting normal rats treated with
the alcoholic extract of S. indicus showed significant improvement in oral glucose tolerance test.
Glibenclamide was used as a reference standard. The findings demonstrate that the alcoholic S. indicus
extract may be useful in the treatment of diabetes.

Many investigations of oral anti-hyperglycaemic agents of plant origin used in traditional
medicine have been conducted and many plants have been found to show positive activity
(Bailey & Day 1989). Though the active principles of various classes of chemical com-
pounds have been isolated from plants, some remain to be identified (Rahman & Zaman
1989). 

Diabetes mellitus is a syndrome of impaired carbohydrate, fat and protein metabolism,
caused by either lack of insulin secretion or decreased sensitivity of the tissues to insulin,
and is characterized by chronic hyperglycaemia (Setter et al 2000). The worldwide preva-
lence of diabetes has risen in the past two decades. Type 2 diabetes 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 practitioners. Ancient Indian literature has prescribed various herbs
in the treatment 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 (Shirwaikar
et al 2005). 

Sphaeranthus indicus Linn (Asteraceae), commonly known as Gorakhmundi in Hindi, is
an annual spreading herb, distributed throughout the plains and wet-lands in India, Sri Lanka
and Australia (Sadaf et al 2006). The plant is known to possess varied medicinal properties
and is reportedly used in ayurvedic preparations for treating epileptic convulsions, mental
illnesses and hemicranias (Kirtikar & Basu 1987). It is used to treat vitiated conditions of
jaundice, diabetes, leprosy, fever, pectoralgia, cough, gastropathy, hernia, haemorrhoids,
helminthiasis, dyspepsia, skin diseases and as a nerve tonic (Ambavade et al 2006). The oil
prepared from the plant root is reported to be useful in treating scrofula and as an aphrodisiac,
while the external application of the herb paste is reported to be beneficial in treating pruritus,
oedema, arthritis, filariasis, gout and cervical adenopathy (Paranjape 2001). 

A large number of constituents have been isolated from extracts of the whole herb, flowers
and leaves. The essential oil, obtained by steam distillation of the whole herb, contains
ocimene, a-terpinene, methyl-chavicol, a-citral, geraniol, a-ionone, b-ionone, d-cadinene,
p-methoxycinnamaldehyde (Baslas 1959) and an alkaloid sphaeranthine (Basu & Lamsal
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1946). The alcoholic extract of powdered capitulum contains
stigmasterol, b-sitosterol, hentriacontane, sesquiterpene lactone
(Gogate et al 1986), sesquiterpine glycoside, sphaeranthanolide
(Shekhani et al 1990) flavone and isoflavone glycosides
(Yadav & Kumar 1998). 

Many medicinal properties have been attributed to the
extracts, fractions and isolated constituents of S. indicus,
including hypotensive, peripheral vasodilatory and cathartic
activities of the alcoholic extract (Srivastava et al 1971), anti-
microbial activity of alkaloidal and non-alkaloidal fractions
of alcoholic extract (Sheikh et al 1986) and of sesquiterpene
isolated from petroleum ether extract (Singh et al 2001).
Essential oil obtained from leaves possesses antifungal
properties (Garg & Kasera 1982). Herbal cosmetic creams
containing the extract of S. indicus have been used for the
treatment of dermal wounds (Sadaf et al 2006). 

As the tribes of Madhya Pradesh in India advocate the use
of S. indicus in the management of diabetes, the present study
explores the capacity of S. indicus extracts to normalize blood
glucose, magnesium and lipid levels in the management of
diabetes, using the streptozotocin (STZ)–nicotinamide-induced
type 2 diabetic rat model. 

Plant material 

Roots and stolons were collected from healthy plants of
S. indicus, a herb growing approximately 15–30 cm in height,
from Manipal, Karnataka, India during the month of June
2006. The plant was identified at Poornaprajna College, Udupi,
Karnataka, India by plant taxonomist Dr Gopalkrishna Bhat.
A voucher specimen (no. PP 552) has been deposited in
the museum of the Department of Pharmacognosy, Manipal. The
plant was cleaned, dried in the shade and then coarsely powdered. 

Preparation of alcoholic S. indicus extract 

The alcoholic extract of S. indicus was prepared as described
by Shirwaikar et al (2004). A total of 1 kg of the shade-dried
powdered roots and stolons were exhaustively extracted with
95% ethanol using Soxhlet apparatus. It was then evaporated
using a rotary evaporator under vacuum until an approximate
50-fold reduction in solvent was achieved. The extract was
stored at 15–20°C in a sealed dessicator. 

High-performance TLC 

Qualitative densitometric high-performance thin-layer chro-
matography (TLC) analysis was performed to develop the
characteristic fingerprint profile for the alcoholic extract of
roots and stolon of S. indicus. The extract and b-sitosterol, a
biochemical marker, were dissolved in petroleum ether. Ten
microlitres of the sample solutions were applied and the plate
were developed in chloroform/ethyl acetate (85:15). Devel-
oped plates were sprayed with 10% methanolic sulfuric acid,
heated at 105°C for 5 min and scanned densitometrically
using a Camag TLC scanner 3 (CAMAG, Muttenz, Switzerland)
at 600 nm and documented. 

Experimental animals 

Male Wistar rats (180–200 g) were maintained on a standard
pellet diet (Hindustan Lever Limited, Mumbai, India) and
water ad libitum. They were housed in polypropylene cages
and maintained under standard conditions (12 h light–dark
cycle; 23–25°C; 35–60% relative humidity). All the experi-
mental protocols for animal care procedures were approved
by the Ethical Committee of Manipal University. 

Experimental induction of diabetes 

Type 2 diabetes mellitus was induced in rats by a single i.p.
injection of freshly prepared STZ (60 mgkg−1) in 0.1 M citrate
buffer (pH 4.5) in a volume of 1 mLkg−1 (Masiello et al 1998)
after the i.p. administration of 120 mgkg−1 nicotinamide.
Two days after STZ administration, rats with blood glucose
concentration in the range 200–300 mgdL−1 were considered
diabetic and were included in the study. Blood was collected
by sinocular puncture. 

Experimental design 

A total of 30 rats (6 normal; 24 diabetic) were used. The rats
were divided into five groups of six: Group I were normal
untreated rats; Group II were STZ-treated diabetic rats;
Groups III and IV were STZ-treated diabetic rats given the
extract, 250 and 500 mgkg−1, respectively, orally in 2% gum
acacia for 15 days. Group V were STZ-treated diabetic rats
given glibenclamide orally (0.25 mgkg−1) in distilled water. 

After 15 days’ treatment, the rats were decapitated after an
overnight fast. Blood was collected into heparinized tubes
and serum was separated by centrifugation. Liver tissues were
excised immediately and stored in ice-cold containers. 

Estimation of blood glucose, hepatic glycogen 
and serum insulin 

Fasting blood glucose was estimated by the o-toluidine
method (Sasaki et al 1972). Hepatic glycogen was estimated
by the method of Nicholas (1956). Serum insulin was meas-
ured by radio immunoassay using a kit from the Board of
Radiation and Isotope Research, Bhaba Atomic Research
Centre (BARC), Mumbai, India (Wilson & Miles 1977). 

Determination of glycosylated haemoglobin 
and serum magnesium levels 

Glycosylated haemoglobin was estimated by the method of
Shirwaikar et al (2005) and serum magnesium levels by the
method of Garfinkel (1988). 

Oral glucose tolerance test in normal rats 

Oral glucose tolerance tests (Bonner-weir 1988) were performed
in overnight fasted (18 h) normal rats. Rats divided into three
groups (n = 6) were orally administered distilled water or
S. indicus alcoholic extract (250 or 500mgkg−1), respectively.
Glucose (2gkg−1) was fed orally 30min before administration
of the extract. Blood was withdrawn by sinocular puncture at

Materials and Methods 
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0, 30, 60 and 120 min after administration of the extract and
the plasma obtained by centrifugation at 3000 rpm. Fasting
plasma glucose levels were measured using a glucose oxidase-
peroxidase glucose estimation kit (Ye et al 2002). 

Estimation of serum lipid profile 

All the rats were bled after 15 days of treatment. Blood was
collected into tubes and the serum separated by centrifugation.
Lipid levels in serum was estimated using an auto analyser
(Hitachi 912) (Roche Diagnostics, Mannheim, Germany).
Kits were procured from Roche Diagnostics GmbH, (San Diego,
CA, USA (Tietz et al 1995). 

Statistical analysis 

All data are expressed as mean ± s.d. Statistical data was
evaluated by one-way analysis of variance, followed by
Dunnett’s test for multiple comparisons. P<0.05 was considered
significant. 

High-performance TLC 

Co-chromatography of S. indicus extract along with b-sitosterol
as a biochemical marker revealed the presence of b-sitosterol
in the extract, with an Rf value of 0.55 (Figures 1, 2 and 3).

Effect of S. indicus on blood glucose levels 

The extract at doses of 250 and 500 mgkg−1 for 15 days
significantly lowered fasting blood glucose (P < 0.01); the
500 mgkg−1 dose showed significantly better activity than the
250 mgkg−1 dose throughout the period of analysis (P < 0.01).

However, glibenclamide produced a more significant reduc-
tion in fasting blood glucose levels than the test extracts
(Table 1).

Effect of S. indicus extract on body weight
and glycogen levels 

Assessment of changes in body weight following 15 days of
extract therapy revaled that the experimental group showed
no loss in body weight, unlike the diabetic control animals.
Rats treated with 250 mgkg−1 extract showed significantly
higher weight gain (P < 0.01) than the groups treated with
500 mgkg−1 or glibenclamide (Table 2). Analysis of glycogen
levels in liver tissue revealed a significant decline in the
glycogen levels of diabetic control animals (P < 0.05) com-
pared with that of normal rats. Treatment with extract at both
dose levels remarkably prevented the loss of glycogen, in a
similar manner (Table 2). 

Effect of S. indicus extract on glycosylated 
haemoglobin, serum insulin and serum 
magnesium 

In comparison with the glibenclamide-treated group, treat-
ment with 250 or 500 mgkg−1 of the extract decreased glyco-
sylated haemoglobin in a dose-dependent manner (Table 3).
As shown in Table 3, there was a significant decrease in
serum insulin in diabetic rats compared with normal rats
(P < 0.01). A comparison of insulin release in various groups
showed significant variation (P < 0.0001). Treatment with
250 or 500 mgkg−1 of the extract enhanced insulin release
significantly (P < 0.01) in a dose-dependent manner com-
pared with untreated diabetic rats. Treatment with 500 mgkg−1

of the extract showed significantly greater activity (P < 0.01)
than glibenclamide or 250 mgkg−1 of the extract. 

Results

Figure 1 HPTLC chromatograms of b-sitosterol and extract.
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Hypomagnesaemia observed in the diabetic control group
was significantly reversed on treatment with 250 or 500 mgkg−1 of
the extract. Similar results were observed in the glibenclamide-
treated group (Table 3).

Effect of S. indicus extract on oral glucose 
tolerance test 

Unlike the glibenclamide group, treatment with 250 and
500 mgkg−1 alcoholic extract of S. indicus did not decrease
blood glucose levels following administration of a large oral
dose of glucose (3 gkg−1), as shown in Figure 4. 

Effect of S. indicus extracts on serum lipid levels 

As shown in Table 4, serum triglyceride levels were signifi-
cantly elevated (P < 0.01) in diabetic animals compared with
the normal group. However, treatment with 250 or 500mgkg−1

of the extract significantly (P < 0.01) reduced serum
triglyceride levels, in a dose-dependent manner. The higher
dose showed better activity than standard glibenclamide
treatment. 

A significant elevation was observed in the total choles-
terol of the diabetic rats (P < 0.01) (Table 4). Treatment with
the extract at either 250 or 500 mgkg−1 resulted in a dose-
dependent hypocholesterolaemic effect, which was more
significant than that in the glibenclamide-treated group
(P < 0.05). 

There was significant lowering of serum high-density
lipoprotein (HDL) levels in diabetic compared with normal
rats (P < 0.01). Treatment with 250 or 500 mgkg−1 of the
extract prevented the decline in HDL levels significantly
(P < 0.01) compared with diabetic control animals. However,
the glibenclamide-treated group showed more significant
elevations in HDL levels (Table 4).

A densitometric high-performance TLC analysis was performed
to develop the characteristic fingerprint profile for the alco-
holic extract of the underground parts of S. indicus. This can
be used as a tool for evaluation and standardization of the
drug. 

Oral administration of S. indicus extract to rats with STZ-
induced diabetes showed antihyperglycaemic effects. 

Effect of S. indicus on blood glucose, plasma 
insulin and body weight 

Diabetes mellitus causes a disturbance in the uptake of
glucose as well in glucose metabolism. STZ (60 mgkg−1)
produces an incomplete destruction of pancreatic b-cells even

Figure 2 HPTLC chromatogram of b-sitosterol and S. indicus extract as viewed under UV at 366 nm.

Figure 3 HPTLC chromatogram of b-sitosterol and S. indicus extract
scanned at 600 nm.
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though the rats became permanently diabetic (Aybar et al
2001). After treatment with a low dose of STZ there should
be many surviving b-cells, and regeneration is also possible
(Gomes et al 1995). The alcoholic extract of S. indicus had
the capacity to significantly lower the elevated glucose levels

in rats with STZ-induced diabetes. However, glibenclamide
had more significant activity. The antihyperglycaemic action
of S. indicus results from the potentiation of insulin from
existing b-cells of the islets of Langerhans. This is evident
from the significant increase in plasma insulin concentration
in STZ-diabetic rats. An increase in insulin secretion may
lead to inhibition of lipid peroxidation due to a decrease in
blood glucose levels. Like glibenclamide, S. indicus extract,
at both doses tested, was able to increase the insulin levels in
diabetic animals. 

Decrease in the body weight of the diabetic rat is possibly
due to dehydration and the catabolism of fats and proteins
(Hakim et al 1997). Rajkumar et al (1991) have also reported
that increased catabolic reactions, leading to muscle wasting,
might also contribute to the reduced weight gain by diabetic
rats. Moreover, the increased secretion of insulin may also
result in increased protein synthesis due to its anabolic effect.
Oral administration of the extract or glibenclamide improved
the body weight in the diabetic rats. 

Oral administration of S.indicus extract showed signifi-
cant lowering of blood glucose following oral administration
of glucose in normal rats without inducing the hypoglycaemic
state. The glucose load was well tolerated in rats treated with
S. indicus. 

Effect of S. indicus extract on liver glycogen
and glycosylated haemoglobin 

Impairment of liver glycogen synthesis in diabetic rats has
been reported by Huang et al (2000) and by Whitton & Hems
(1975). The lack of insulin in the diabetic state causes a
decrease in the hepatic glycogen content, which results in
inactivation of the glycogen synthase systems (Singh et al
2001). Oral administration of the extract significantly
improved hepatic glycogen synthase systems as a result of
increased insulin secretion. Both doses of the extract, as well
as glibenclamide, increased the level of glycogen in diabetic
rats. 

Glycosylated haemoglobin increases in patients with diabetes
mellitus (Koenig et al 1976). In diabetes, protein synthesis
is decreased in all tissues because of the relative insulin
deficiency, and thus the synthesis of haemoglobin is also
suppressed (Chatterjee & Shinde 1994). A number of pro-
teins, including haemoglobin, are glycated to a greater degree

Table 1 Effect of S. indicus on blood glucose levels in diabetic rats 

Data are mean ± s.d. for six rats in each group. aP < 0.01 treatment group vs normal control; bP < 0.01 experimental groups vs diabetic control;
cP < 0.01, 500 vs 250 mgkg−1 extract. 

Group 
 

Blood glucose (mgdL-1) 

Day 0 Day 5 Day 10 Day 15 

Normal 86.8 ± 7.24 86.11 ± 8.63 91.71 + 6.94 91.81 ± 6.21 
Diabetic control 251.1 ± 2.0a 259 ± 2.1 268.5 ± 2.0 285.0 ± 1.6 
Diabetic + extract (250 mgkg−1) 265.6 ± 4.1a 187.8 ± 4.2b 160.8 ± 10b 89.3 ± 2.3b 
Diabetic + extract (500 mgkg−1) 278.1 ± 2.0a,c 170.0 ± 13.0b,c 134.5 ± 16.3b,c 104.3 ± 9.3b,c

Diabetic + glibenclamide (0.25 mgkg−1) 212.0 ± 1.5a 176.3 ± 4.0b 99.6 ± 5.0b 89.5 ± 2.1b 

Table 2 Effect of S. indicus on body weight and glycogen levels in
diabetic rats 

 Body weight (g) Glycogen
(g 100 g-1 
tissue)  Initial Final 

Normal 180.9 ± 7.1 205.7 ± 0.3 3.2 ± 0.11 
Diabetic control 206.7 ± 6.2 168.7 ± 7.9a 1.1 ± 0.03a

Diabetic + extract 
(250 mgkg −1) 

185.6 ± 6.2 205.3 ± 7.4b 2.42 ± 0.1 

Diabetic + extract 
(500 mgkg−1)

179.4 ± 9.2 190.4 ± 3.5b,c 1.59 ± 2.4 

Diabetic + glibenclamide
(0.25 mgkg−1) 

183.4 ± 1.2 195.4 ± 8.4b 2.79 ± 1.5 

Data are mean ± s.d. for six rats in each group. aP < 0.01 treatment group
vs normal control; bP < 0.01 experimental groups vs diabetic control;
cP < 0.01, 500 vs 250 mgkg−1 extract. 

Table 3 Effect of S. indicus on glycosylated haemoglobin (HbA1c),
serum insulin levels and magnesium levels in diabetic rats after 15 days 

Data are mean ± s.d. for six rats in each group. aP < 0.01 treatment group
vs normal control; bP < 0.01 experimental groups vs diabetic control;
cP < 0.01, 500 vs 250 mgkg−1 extract; dP < 0.01 500 mgkg−1 extract vs
glibenclamide group.

 HbA1c 
(mg100 mL-1)

Serum insulin 
(mUmL-1) 

Magnesium
(mEqL-1) 

Normal 0.55 ± 0.4 15.6 ± 1.5b 3.1 ± 1.2 
Diabetic control 0.74 ± 0.4 6.65 ± 1.1a 1.1 ± 1.4 
Diabetic + extract 

(250 mgkg−1) 
0.52 ± 2.5 9.2 ± 0.6a, b 2.71 ± 4.2 

Diabetic + extract 
(500 mgkg−1) 

0.56 ± 1.7 14.2 ± 0.3b,c,d 2.6 ± 1.4 

Diabetic + glibenclamide
(0.25 mgkg−1) 

0.62 ± 1.3 12.1 ± 1.8a, b 2.9 ± 0.9 
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in diabetes (Subash Babu & Prince 2004). The significant
reduction in glycosylated haemoglobin in diabetic rats treated
with the extract indicates the efficiency of the extract in
glycaemic control. The extract at 250 mgkg−1 showed better
activity than glibenclamide. 

Effect of S. indicus extract on lipid levels
and magnesium 

The present study showed a marked increase in serum triglyc-
erides and cholesterol levels in control diabetic rats, which
is in agreement with the findings of Nikkila & Kekki (1973)
and Chase & Glasgow (1976). Under normal circumstances

insulin activates the enzyme lipoprotein lipase, which hydro-
lyses the triglycerides. Insulin deficiency results in failure to
activate the enzymes, thereby resulting in hypertriglyceridaemia.
The significant improvement in the levels of serum lipids in
the extract-treated diabetic rats and glibenclamide-treated
diabetic rats may therefore be because of the improvement in
insulin levels. 

Magnesium is an important component of many unproc-
essed foods, such as whole grains, nuts and green leafy vege-
tables, and it is largely lost during the processing of some
foods. Hypomagnesaemia is common in patients with type 2
diabetes. Although diabetes can induce hypomagnesaemia,
magnesium deficiency has also been proposed as a risk factor
for type 2 diabetes. Magnesium is a necessary cofactor for
several enzymes that play important roles in glucose metabo-
lism. Animal studies have shown that magnesium deficiency
has a negative effect on the post-receptor signalling of insu-
lin. Some short-term metabolic studies suggest that magne-
sium supplementation has a beneficial effect on insulin action
and glucose metabolism (Lopez-Ridaura et al 2004). Animals
treated with the test extracts and glibenclamide showed a
significant improvement in serum magnesium levels. 

In our study, we observed that the oral administration of
S. indicus restored plasma glucose levels to near normal in
rats with STZ-induced diabetes. Phytochemical studies carried
out on the alcoholic extract of S. indicus revealed the pres-
ence of sterols, phenols and flavonoids (Shirwaikar et al
2006). Flavonoids are reported to have a major role in reducing
oxidative stress associated with diabetes, which in turn helps
the regulation of plasma glucose concentration (Shirwaikar
et al 2004). Flavonoids isolated from different sources
have been documented to show antihyperglycaemic activity
(Vertommen et al 1994). 

Figure 4 Average blood glucose concentrations during an oral glucose tolerance test. Data are mean ± s.d. (n = 6 rats). P < 0.05 treatment vs normal
rats. 
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Table 4 Effect of S. indicus on lipid levels in diabetic rats after 15 days 

Data are mean ± s.d. for six rats in each group. aP < 0.01 treatment group
vs normal control; bP < 0.01 experimental groups vs diabetic control;
cP < 0.01, 500 vs 250 mgkg−1 extract; dP < 0.01 500 mgkg−1 extract vs
glibenclamide group.

 Triglycerides
(mgdL-1) 

Total 
cholesterol
(mgdL-1) 

HDL 
cholesterol
(mgdL-1) 

Normal 92.4 ± 1.7 77.5 ± 2.6 71 ± 3.2 
Diabetic control 186.1 ± 2.3a 129.9 ± 4.3a 33.4 ± 2.4a 
Diabetic + extract 

(250 mgkg−1) 
105.4 ± 1.4b 87.5 ± 2.7b,d 71.5 ± 1.7b 

Diabetic + extract 
(500 mgkg−1) 

82.6 ± 4.7b,c 78.1 ± 0.9b,d 73.6 ± 3.4b 

Diabetic + glibenclamide
(0.25 mgkg−1) 

98.6 ± 2.1b 92.5 ± 1.4b 84.3 ± 0.7b 
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Conclusion 

Our finding shows that the alcoholic extract of S. indicus
possesses significant antihyperglycaemic activity. The phyto-
constituents, viz. flavonoids, probably scavenge free radicals
and prevent the depletion of endogenous antioxidants. An
increase in insulin levels improves blood glucose levels and
thus validates the antidiabetic claims for S. indicus made by
the tribes of Madhya Pradesh.

Ambavade, S. D., Mhetre, N. A., Tate, V. D., Bodhankar, S. L.
(2006) Pharmacological evaluation of the extracts of Sphaearanthus
indicus flowers on anxiolytic activity in mice. Indian J. Pharmacol.
38: 254–259 

Aybar, M. J., Sanchez Riera, A. N., Grau, A., Sanchez, S. S. (2001)
Hypoglycaemic effect of the water extract of Smallanthus soncifolius
(yacon) leaves in normal and diabetic rats. J. Ethnopharmacol. 74:
125–132 

Bailey, C. J., Day, C. (1989) Traditional treatments for diabetes.
Diabetes Care 12: 553–564 

Baslas, K. K. (1959) Essential oil from Sphaeranthus indicus.
Perfumery Essential Oil Records 50: 765 

Basu, N. K., Lamsal, P. P. (1946) Chemical investigation of Sphaer-
anthus indicus. J. Am. Assoc. 35: 274–275 

Bonner-weir, S. (1988) Morphological evidence of pancreatic polar-
ity of beta cells within islets of Langerhans. Diabetes 37: 616–621 

Chase, P. H., Glasgow, A. M. (1976) Juvenile diabetes mellitus
and serum lipids and lipoprotein levels. Am. J. Dis. Child. 130:
1113–1117 

Chatterjee, M. N., Shinde, R. (1994) Metabolism of carbohydrates
In: Chatterjee, M. N., Shinde, R. (eds) Textbook of medical
biochemistry. 1st edn, JayPee Publications, New Delhi, India,
pp 421 

Garfinkel, D. (1988) Magnesium and regulation of carbohydrate
metabolism at the molecular level. Magnesium 7: 249–261 

Garg, S. C., Kasera, H.L. (1982) Antifungal activity of the essential
oil of Sphaeranthus indicus Linn. Pafai J. 4: 23–24. 

Gogate, M. G., Ananthasubramaniam, L., Nargund, K. S.,
Bhattacharyya, S. C. (1986) Some sesquiterpinoids from Sphaer-
anthus indicus. Indian J. Chem. 25B: 233–238 

Gomes, A., Vedasiromoni, J. R., Das, M., Sharma, R. M., Ganguly,
D. K. (1995) Anti-hyperglycaemic effect of black tea (Camellia
sinensis) in rats. J. Ethnopharmacol. 27: 243–275 

Hakim, Z. S., Patel, B. K., Goyal, R. K. (1997) Effects of chronic
ramipril treatment in streptozotocin-induced diabetic rats. Indian
J. Physiol. Pharmacol. 41: 353–360 

Huang, X., Vaag, A., Hanson, M., Weng, J., Goop, L. (2000)
Impaired insulin stimulated expression of the glycogen synthase
gene in skeletal muscle of type 2 diabetic patients is aquired rather
than inherited. J. Clin. Endocrinol. Metab. 85: 1584–1590 

Humaira, Y. S., Tripathi, L., Bhattacharya, S. (2004) Antidiabetic
plants used by tribals of Madhya Pradesh. Natural Product Radi-
ance 3: 427 

Kirtikar, K. R., Basu, B. D. (1987) Indian medicinal plants, 2nd edn,
L. M. Basu Publication, Allahabad, India, pp 1347. 

Koenig, R. J., Peterson, C. M., Jones, R. L., Saudek, C., Lehrman, M.,
Cerami, A. (1976) Correlation of glucose regulation and
haemoglobin A1c in diabetes mellitus. N. Engl. J. Med. 295: 417–
420 

Lopez-Ridaura, R., Willett, W. C., Rimm, E. B., Liu, S., Stampfer,
M. J., Manson, J. E., Hu, F. B. (2004) Magnesium intake and risk
of type 2 diabetes in men and women. Diabetes Care 27: 134–140 

Masiello, P., Broca, C., Gross, R., Roye, M., Manteghetti, M.,
Hillaire-Buys, D., Novelli, M., Ribes, G. (1998) Development of a
new model of type 2 diabetes in adult rats administered with strep-
tozotocin and nicotinamide. Diabetes 47: 224–230 

Nicholas, V., Robert, W. L., Roe, J. H. (1956) The determination of
glycogen in liver and muscle by use of anthrone reagent. J. Biol.
Chem. 220: 583–593 

Nikkila, E. A., Kekki, M. (1973) Plasma transport kinetics in diabetes
mellitus. Metabolism 22: 1 

Paranjape P. (2001) Indian medicinal plants. In: Paranjape, P.
(ed) Forgotten healer a guide to Ayurvedic herbal medicine.
1st edn, Chaukhamba Sanskrit Pratisthan, Delhi, India, pp
148–149 

Rahman, A. U., Zaman, K. (1989) Medicinal plants with hypogly-
caemic activity. J. Ethnopharmacol. 26: 1–55 

Rajkumar, L., Srinivasan, N., Balasubramanian, K., Govindarajulu, P.
(1991) Increased degradation of dermal collagen in diabetic rats.
Indian J. Exp. Biol. 29: 1081–1083 

Sadaf, F., Saleem, R., Ahmed, M., Ahmad S. I., Navaid-ul-Zafar.
(2006) Healing potential of cream containing extract of Sphaeranthus
indicus on dermal wounds in Guinea pigs. J. Ethnopharmacol.
107: 161–163 

Sasaki, T., Matsy, S., Sonae, A. (1972) Effect of acetic acid concen-
tration on the colour reaction in the o-toluidine boric acid method
for blood glucose estimation. Rinsho. Kagaku. 1: 346–353 

Setter, M. S., White, J. R., Campbell, R. K. (2000) Diabetes mellitus.
In: Herfindals Textbook of therapeutic drug and disease
management, 6th edn. Philadelphia, Lippincott William & Willkins.
pp 377–405 

Sheikh, D., Naqvi, B. S., Shaikh, R. (1986) The antibacterial principles
of Sphaeranthus indicus isolation, purification and antimicrobial
action. Pak. J. Sci. Ind. Res. 25: 366–371 

Shekhani, M. S., Shah, P. M., Yasmin, A., Siddiqui, R., Perveen, S.,
Khan, K. M., Atta-ur-Rehman (1990) An immunostimulant
sesquiterpene glycoside from Sphaeranthus indicus. Phytochemistry
29: 2573–2576 

Shirwaikar, A., Rajendran, K., Kumar, C. D. (2004) Oral antidiabetic
activity of Annona squamosa leaf alcohol extract in NIDDM rats.
Pharm. Biol. 42: 30–35 

Shirwaikar, A., Rajendran, K., Punitha, I. S. R. (2005) Antihypergly-
cemic activity of the aqueous stem extract of Coscinium fenestra-
tum in non-insulin dependent diabetic rats. Pharmacol. Biol. 43:
707–712 

Shirwaikar, A., Prabhu, K., Kumar, C. D., Rajendran, K., Lobo, R.
(2006) Pharmacognostical evaluation of Sphaeranthus indicus
(Linn). Nat Prod. Sci. 12: 85–88 

Singh, S. N., Vats, P., Suri, S., Shyam, R., Kumria, M. M., Ranga-
nathan, S., Sridharan, K. (2001) Effect of an antidiabetic extract of
Cathanranthus roseus on enzymatic activities in streptozotocin
induced diabetic rats. J. Ethnopharmacol. 76: 269–277 

Srivastawa, S. C., Khan, M. S., Vohra, S. B. (1971) Pharmacological
and haemostatic investigations on Sphaeranthus indicus Linn.
Indian J. Physiol. Pharmacol. 15: 27–33 

Subash Babu, P., Prince, S. M. (2004) Antihyperglycaemic and
antioxidant effect of hyponidd, an ayurvedic herbomineral formu-
lation in streptozotocin-induced diabetic rats. J. Pharm. Pharmacol.
56: 1435–1442 

Tietz, N. W., Wu, A. H. B.(1995) In: Tietz, N. W., Wu, A. H. B.(eds)
Tietz clinical guide to laboratory tests. 3rd edn, WB Saunders,
Philadelphia, pp 130–131, 610–611, 824–843 

Vertommen, J., Van den Enden, M., Simoens, L., De Leeuw, I.
(1994) Flavonoid treatment reduces glycation and lipid peroxida-
tion in experimental diabetic rats. Phytother. Res. 8: 430–432 

Whitton, P. D., Hems, D. A. (1975) Glycogen synthesis in
perfused liver of streptozotocin diabetic rats. Biochem. J. 150:
153–159 

References 

JPP60(7).book  Page 915  Wednesday, June 4, 2008  3:23 PM



916 Kirti S. Prabhu etal

Wilson, M. A., Miles, L. E. M. (1977) Radioimmunoassay of insulin.
In: Wilson, M. A., Miles, L. E. M. (eds) Handbook of radioimmu-
noassay. Marcel Dekker, New York, pp 275–279 

Yadav, R. N., Kumar, S. (1998) 7-Hydroxy-3´, 4´, 5, 6-tetramethoxy
flavone 7-O-b-D-(1-4)-diglucoside, a new flavone glycoside

from the stem of Sphaeranthus indicus. J. Inst. Chem.
70: 164–166 

Ye, F., Shen, Z., Xie, M. (2002) Alpha glucosidase inhibition from a
Chinese medicinal herb (Ramulus mori) in normal and diabetic
rats and mice. Phytomedicine 9: 161–166

JPP60(7).book  Page 916  Wednesday, June 4, 2008  3:23 PM


