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Antihyperglycaemic Effect of Scoparia dulcis: Effect on Key

Metabolic Enzymes of Carbohydrate Metabolism

in Streptozotocin-Induced Diabetes

L. Pari and M. Latha

Department of Biochemistry, Faculty of Science, Annamalai University, Tamil Nadu, India

Abstract

In experimental diabetes, enzymes of glucose and fatty
acid metabolism are markedly altered. We investigated
the effect of Scoparia dulcis L. plant extract on hepatic
key metabolic enzymes of carbohydrate metabolism in
streptozotocin-induced diabetic rats. Scoparia dulcis
plant extracts (SPEt) (aqueous, ethanol and chloroform)
were orally administered at doses of 50, 100 and
200mg=kg body weight respectively for 3 weeks, after
which hexokinase, glucose 6-phosphate dehydrogenase,
glucose 6-phosphatase, fructose 1,6-bisphosphatase in
liver and glycogen in liver and muscle were assayed.
Blood glucose, glucose 6-phosphatase and fructose 1,6-
bisphosphatase were significantly increased and plasma
insulin, hexokinase, glucose 6-phosphate dehydrogenase
and glycogen were significantly decreased in diabetic
rats. Diabetic rats treated with SPEt significantly
reversed all these changes to near normal. Aqueous
extract of Scoparia dulcis was comparatively better than
ethanol and chloroform extracts. These results indicate
that the aqueous extract of Scoparia dulcis showed anti-
hyperglycaemic effect by attenuating the above bio-
chemical alterations in streptozotocin diabetes.

Keywords: Aqueous extract, blood glucose, carbohydrate
metabolic enzymes, fructose 1,6-bisphosphatase, glucose
6-phosphate dehydrogenase, glucose 6-phosphatase,
glycogen, hexokinase, plasma insulin, Scoparia dulcis.

Latin binomials:

Cassia auriculata L.
Coccinia indica L.

Phaseolus vulgaris L.
Syzigium cumini L.

Introduction

According to recent estimates, the human population
worldwide appears to be in the midst of a diabetes epi-
demic (Hu et al., 2003). The World Health Organiza-
tion (WHO) predicts that the number of cases
worldwide for diabetes, now at 150 million, will double
by 2005 (Marx, 2002). Diabetes mellitus is characterized
by chronic hyperglycaemia with disturbances of carbo-
hydrate, fat and protein metabolism resulting from
defects in insulin secretion, insulin action or both
(Baquer et al., 1998). The liver plays a pivotal role in
glucose and lipid homeostasis (Gupta et al., 1999). In
experimental diabetes, enzymes of glucose metabolism
are markedly altered and produce hyperglycaemia,
which leads to pathogenesis of diabetic complication
(Sochar et al., 1985). Despite the great strides that have
been made in the understanding and management of
diabetes, the disease and disease related complications
are increasing unabated (Tiwari & Madhusudana Rao,
2002). Inspite of the presence of known antidiabetic
medicine in the pharmaceutical market, remedies from
medicinal plants are used with success to treat this
disease (Bhattaram, 2002).

Scoparia dulcis L. (Scrophulariaceae) is a perennial
herb widely distributed in tropical and subtropical
regions. In these regions, the fresh or dried plant of
Scoparia dulcis has traditionally been used as one of
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the remedies for stomach troubles (Satyanarayana,
1969), hypertension (Chow et al., 1974), diabetes
(Perry, 1980), inflammation (Gonzales Torres, 1986),
bronchitis (Farias Freie et al., 1993) hemorrhoids and
hepatosis (Satyanarayana, 1969) and as an analgesic
and antipyretic (Gonzales Torres, 1986). A number
of different principles, include scoparic acid A, scopa-
ric acid B (Hayashi et al., 1993), scopadulcic acid A
and B, scopadulciol (Hayashi et al., 1990) and scopa-
dulin (Hayashi et al., 1991), have been identified as
contributors to the observed medicinal effect of the
plant. These compounds were found to possess various
biological activities such as inhibitor against replication
of Herpes simplex virus, gastric Hþ, Kþ ATPase
activator and antitumor promoting activity, etc. In a
previous study, Nath (1943) studied the antidiabetic
effect of Scoparia dulcis and obtained a glycoside,
ammelin from fresh plant and reported that it brought
relief in other ailments accompanied with diabetes (i.e.,
pyorrhoea, eye troubles, joint pain, susceptibility to
cold, etc.) within a very short period.

To our knowledge, there are no available reports on
the effect of Scoparia dulcis on enzymes of hepatic glu-
cose metabolism in streptozotocin-induced diabetes.
Therefore, the present study investigates the effect of
Scoparia dulcis extracts (aqueous, ethanol and chloro-
form) on hepatic key enzymes in male albino Wistar rats.

Materials and Methods

Animals

Male albino Wistar rats, body weight of 180–200 g bred
in Central Animal House, Rajah Muthiah Medical Col-
lege, Annamalai University, were used in this study.
The animals were fed a pellet diet (Hindustan Lever
Ltd., India) and water ad libitum. The animals used in
the present study were maintained in accordance with
the guidelines of the National Institute of Nutrition,
Indian Council of Medical Research, Hyderabad, India
and approved by the ethical committee (Vide. No: 73,
2002), Annamalai University. Animals were maintained
under a constant 12 h light and dark cycle and an
environmental temperature of 21–23�C.

Drugs and chemicals

All the drugs and biochemicals used in this experiment were
purchased from Sigma Chemical Company, St. Louis,MO,
USA. The chemicals were of analytical grade.

Plant material

Scoparia dulcis L. plants were collected from Neyveli,
Cuddalore District, Tamil Nadu, India. The plant was
identified and authenticated at the Herbarium of Botany

Directorate in Annamalai University. A voucher speci-
men (No. 3412) was deposited in the Botany Department
of Annamalai University.

Preparation of Scoparia Dulcis Plant extract
(SPEt)

Aqueous and chloroform extracts

Scoparia dulcis fresh whole plants (500 g) were extracted
with 1.5 L of water=chloroform by the method of con-
tinuous hot extraction. The filtrate was evaporated to
constant weight on a rotavapor. The residual extract
was dissolved in sterile water and used in the investi-
gation (Jain, 1968).

Ethanol extract

Fresh plant of Scoparia dulcis (500g) was chopped into
small pieces and soaked overnight in 1.5L of 95% ethanol.
This suspension was filtered and the residue was resus-
pended in an equal volume of 95% ethanol for 48h and
filtered again. The two filtrates were pooled and the
solvents were evaporated in a rotavapor at 40–50�C under
reduced pressure and lyophilized. A greenish-black
powdered material was obtained (20–30g). It was stored
at 0–4�C until needed, and then the residual extract was
suspended in 1.0ml of distilled water and used in the study
(Hossain et al., 1992).

Induction of experimental diabetes

A freshly prepared solution of streptozotocin (45mg=kg)
in 0.1M citrate buffer, pH 4.5 was injected i.p. in a
volume of 1ml=kg (Siddique et al., 1987). Fourty-eight
hours after streptozotocin administration, rats with
moderate diabetes having glycosuria and hyperglycaemia
(i.e., with blood glucose of 200–300mg=dl) were taken
for the experiment.

Experimental design

In the experiment, a total of 66 rats (60 diabetic surviving
rats, 6 normal rats) were used. The rats were divided into
11 groups of 6 rats each. Three doses of aqueous, ethanol
and chloroform extracts (50, 100 and 200mg=kg per day)
were tested. All doses were started 48 h after streptozoto-
cin injection. Blood samples were drawn at weekly inter-
vals until the end of study (i.e., 3 weeks). At the end of
the 3rd week, all the rats were killed by decapitation
(pentobarbitone sodium) anesthesia (60mg=kg). Blood
was collected in tubes containing potassium oxalate
and sodium fluoride solution for the estimation of blood
glucose and plasma was separated for assay of insulin.
Liver and muscle were dissected out, washed in ice-cold
saline, patted dry and weighed.
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Analytical procedure

Glucose levels were estimated by the O-toluidine method
of Sasaki et al., (1972). Plasma insulin was assayed with
an ELISA kit (Boeheringer-Manneheim Kit, Manne-
heim, Germany). Hepatic hexokinase was assayed by
the method of Brandstrup et al. (1957). Glucose 6-phos-
phatase and fructose 1,6-bisphosphatase activities were
measured by phosphate released by the methods of
Baginsky et al. (1974) and Gancedo and Gancedo
(1971). The colorimetric determination of phosphorous
in the supernatant was estimated by the method of Fiske
and Subbarow (1925).

Glucose 6-phosphate dehydrogenase was assayed by
the method of Ellis and Kirkman (1961). Liver and mus-
cle glycogen was estimated by the method of Morales et
al., (1973). Protein was determined by following the
method of Lowry et al. (1951).

Statistical analysis

All data were expressed as mean� S.D of number of
experiments (n¼6). The statistical significance was eval-
uated by one-way analysis of variance (ANOVA) using

SPSS version 7.5 (SPSS, Cary, NC, USA) and the indi-
vidual comparison were obtained by Duncans’ Multiple
Range Test (DMRT) (Duncan, 1957).

Results

In all groups prior to streptozotocin administration, the
basal levels of blood glucose of the rats were not signifi-
cantly different. However, 48 h after streptozotocin
administration, blood glucose levels were significantly
higher in rats selected for the study. In contrast, non-
diabetic controls remained persistently euglycaemic
throughout the course of the study.

Table 1 shows the effect of treatment with extracts on
blood glucose levels. Although a significant antihyper-
glycemic (p < 0.01) effect was evident from first week
onwards, decrease in blood sugar was maximum on com-
pletion of the third week (66.53%) (p < 0.001) in the
group receiving 200mg=kg=day of aqueous extract of
Scoparia dulcis. On the other hand, ethanol and chloro-
form extracts treated groups showed an antihyperglycae-
mic much later (i.e., on completion of the third week) in
groups receiving 200mg=kg day (60.53 and 56.31%,
respectively). On the basis of these studies, doses of

Table 1. Effect of 3-week treatment with various doses of aqueous, ethanolic and chloroform extracts of Scoparia dulcis on glucose in
normal and experimental rats.

Blood glucose (mg=dl)

Groups ‘0’ day 48 h after STZ injection
1 week

(after treatment) 2 week 3 week

Normal 79.66� 3.03 84.16� 5.14 82.16� 5.92 80.66� 6.04 81.45� 5.98
Diabetic control 81.66� 4.94 265.00� 19.45�� 279.66� 12.93�� 285.50� 12.95�� 298.00� 15.77��

Diabeticþ SPEt-
Aq-50

78.83� 3.33 254.66� 16.24 235.00� 13.84� (6.37) 209.16� 11.40�� (16.66) 184.72� 9.74�� (26.40)

Diabeticþ SPEt-
Aq-100

84.02� 6.99 247.16� 13.72 211.00� 12.11� (14.63) 161.83� 13.25�� (34.52) 112.85� 7.34�� (54.34)

Diabeticþ SPEt-
Aq-200

77.20� 4.00 256.33� 16.69 190.00� 12.90�� (25.87) 128.75� 12.14�� (49.77) 85.78� 6.50�� (66.53)

Diabeticþ SPEt-
Alc-50

78.80� 4.32 245.50� 13.27 236.33� 10.29� (3.73) 218.00� 9.72� (11.20) 189.93� 6.57�� (22.63)

Diabeticþ SPEt-
Alc-100

81.91� 4.71 253.00� 14.14 214.00� 11.44� (15.41) 172.90� 8.64�� (31.66) 131.17� 5.14�� (48.15)

Diabeticþ SPEt-
Alc-200

77.36� 4.24 258.83� 18.80 199.16� 13.04�� (23.05) 137.81� 6.14�� (46.75) 102.14� 6.83��(60.53)

Diabeticþ SPEt-
Chloro-50

80.00� 3.26 248.00� 14.02 238.00� 11.15� (4.03) 224.18� 6.78� (9.60) 205.82� 6.54��(17.00)

Diabetic þ SPEt-
Chloro-100

79.01� 4.50 241.33� 14.56 218.00� 9.39� (10.88) 180.40� 9.83�� (25.24) 142.93 � 9.26�� (40.77)

Diabetic þ SPEt-
Chloro-200

82.28� 6.00 251.83� 13.05 202.80� 13.04�� (19.48) 151.80� 13.33�� (39.72) 110.00� 7.07�� (56.31)

Values are given as mean� S.D for 6 rats in each group. Values in parentheses indicated the percentage lowering of blood glucose in
comparison to basal reading after streptozotocin (STZ) administration at 48 h. Diabetic control was compared with normal. Experi-
mental groups were compared with corresponding values after streptozotocin injection (48 h).
�p < 0.01, ��p < 0.001.
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200mg=kg per day of aqueous, ethanol and chloroform
extracts of Scoparia dulcis were selected for further
evaluation.

The body weights of SPEt treated groups were
increased significantly (p < 0.001) on the 3rd week com-
pared with diabetic control rats (Figure 1). The food
intake was significantly lowered in the SPEt treated
groups (p < 0.001) when compared with the vehicle
treated group. Similarly, the water intake was signifi-
cantly reduced (p < 0.001) in SPEt treated groups.

Table 2 represents the effect of Scoparia dulcis on
plasma insulin and glycogen content in liver and muscle
of normal and experimental animals. In diabetic con-
trols, plasma insulin and hepatic and skeletal muscle gly-
cogen content were decreased significantly as compared
to non-diabetic controls. Treatment with SPEt increased
the plasma insulin, hepatic and skeletal glycogen signifi-
cantly. The extent of increase was higher in groups
treated with aqueous extract of Scoparia dulcis than etha-
nol and chloroform extracts treated groups.

Table 3 depicts the activities of carbohydrate metabo-
lizing enzymes in liver of normal and SPEt treated dia-
betic rats. The activities of enzyme hexokinase and
glucose 6-phosphate dehydrogenase were found to be
decreased whereas the activities of gluconeogenic
enzymes: glucose 6-phosphatase and fructose 1,6-bispho-
sphatase were significantly increased in diabetic rats.
SPEt administration to diabetic rats reversed the above
changes in a significant manner when compared to dia-
betic rats.

Discussion

Global estimates suggest that three fourths of the world
population cannot afford the products of allopathic
medicine and, thus, have to rely upon the use of tra-
ditional medicines, which are largely derived from plants
(Hu et al., 2003). The present study was undertaken to
assess the antihyperglycaemic property of Scoparia dul-
cis, which have been reported in Ayurveda to be useful
in treatment of diabetes mellitus. In the present study,
treatment with aqueous, ethanol and chloroform extracts
of Scoparia dulcis showed significant antihyperglycaemic
activity. The maximum reduction in glucose levels was
seen in groups receiving 200mg=kg of the three extracts
respectively. This is probably indicative of efficacy of
the plant. Moreover, it indirectly indicates that part of
the antihyperglycaemic activity of this plant is through
release of insulin from the pancreas. In this context a
number of other plants have also been reported to have
antihyperglycaemic and insulin-release stimulatory
effects (Venkateswaran and Pari, 2002a; Latha & Pari,
2003). The daily administration of SPEt to streptozoto-
cin diabetic rats for 3 weeks caused a statistically signifi-
cant reduction in food and fluid intakes and an increase

in the body weight. This could be the result of improved
glycemic control produced by Scoparia dulcis.

In the present study, hepatic and skeletal muscle gly-
cogen content was reduced significantly in diabetic con-
trols. Administration of SPEt prevented the depletion
of glycogen content but could not normalize it. This
prevention is due to stimulation of insulin release from
b-cells or due to insulinomimetic activity of some
component of plant resulting in direct peripheral glucose
uptake.

Hexokinase insufficiency in diabetic rats can cause
decreased glycolysis and decreased utilization of glucose
for energy production (Vats et al., 2003). Administration
of SPEt to diabetic rats enhanced the hexokinase activity
and suggests greater uptake of glucose from blood by
liver cells and increased glycolysis.

The activity of glucose 6-phosphate dehydrogenase
decreased in the present study. The decrease in the
activity of this enzyme in diabetic condition may result
in the diminished functioning of HMP shunt and thereby
the production of reducing equivalent such as NADH
and NADPH (Weber & Convery, 1966; Saraswathi pan-
neerselvam & Govindaswamy, 2002). In our study,
administration of SPEt increased the activity of glucose
6-phosphate dehydrogenase considerably. This may be
attributed to the insulin secretory effect of Scoparia dul-
cis, as glucose 6-phosphate dehydrogenase has been
reported to increase the supply of NADPH.

Increased activity of glucose 6-phosphatase in diabetic
rats provide hydrogen which binds with NADPþ in the
form of NADPH and enhances synthesis of fats from
carbohydrates, i.e., lipogenesis (Bopanna et al., 1997)
and finally contribute to increased levels of glucose in
blood. Increased hepatic glucose production in diabetes
mellitus is associated with impaired suppression of the
gluconeogenic enzyme fructose 1,6-bisphosphatase. In
the diabetic state, several workers have observed
increased activities of gluconeogenic enzymes (Sochar
et al., 1985; Prince et al., 1997; Venkateswaran & Pari,
2002b). Activation of gluconeogenic enzymes is due to
state of insulin deficiency since under normal condition
insulin function as a suppressor of gluconeogenic
enzymes.

Administration of SPEt significantly depressed the
activities of gluconeogenic enzymes in diabetic rats.
The level of plasma insulin was found to increase signifi-
cantly in diabetic rats treated with SPEt, which may be a
consequence for the significant reduction in the level of
gluconeogenic enzymes. The reduction in the activities
of gluconeogenic enzymes can result in the decreased
concentration of glucose in blood.

The present data on the effect of Scoparia dulcis
extract on streptozotocin-induced diabetic rats indicates
that impairment in the glucose metabolizing enzymes in
liver have been corrected by the insulin secretory effect
and by the presence of active constituents such as
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Figure 1. Body weight, fluid and food intake in streptozotocin diabetic rats before and after oral treatment with Scoparia dulcis plant
extract for 3 weeks. Groups: 1 – Normal; 2 – Diabetic control; 3 – Diabetic þ Aq – SPEt (200mg=kg body weight); 4 – Diabetic þ
Alc – SPEt (200mg=kg body weight); 5 – Diabetic þ Chloro – SPEt (200mg=kg body weight). Values are given as mean � S.D from
six rats in each group. Values not sharing a common superscript letter differ significantly at p < 0.05 (DMRT). Duncan Procedure;
Ranges for the level: 2.95; 3.09; 3.20, 3.22 Diabetic control was compared with normal, yp < 0.001. Experimental groups were
compared with diabetic control zp < 0.001.
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glycosides – ammelin and diterpenoids – scoparic acids
and scopadulcic acids. Although ethanol and chloroform
extracts produced antihyperglycaemic activity, the effect
was more pronounced in aqueous extract. Detection
of antihyperglycaemic activity in SPEt along with
protective effect against streptozotocin challenge
provides a scientific rationale of use of Scoparia dulcis
as an antidiabetic plant.
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