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Diabetes mellitus is one of the most common
chronic diseases and a major contributor to vital
organ damage and the development of cardiovascu-
lar diseases. It occurs due to deficiency or failure of
normal action of insulin, which is responsible for
use of sugar from the diet in the body. The number
of cases of non-insulin dependent diabetes mellitus
(type 2 diabetes) has increased dramatically due to
changes in lifestyle, increasing prevalence of obesi-
ty (1). World Health Organization (WHO) predicts
that close to four million deaths (6.8% of global all-
cause mortality) in the 20ñ79 age groups in 2010
was due to this desease, which is 5.5% increase over
the estimates for the year 2007 and predicted to dou-
ble in 2030. The highest number of deaths due to
diabetes is expected to occur in countries with large
populations and low- and middle-income countries
(almost 80% of diabetes deaths) and 12% increased
deaths are reported in South East Asia from 2007
(International Diabetic Federation, report September
2009). In the absence of effective and affordable
interventions for diabetes, the frequency of the dis-
ease will escalate worldwide, with a major impact
on the population of developing countries (2ñ4).

In modern medicine, the beneficial effects of
herbal medicines on glycemic level are well docu-
mented. The preventing activity of these drugs
against progressive nature of diabetes and its com-
plications was modest and not always effective.
Insulin therapy affords effective glycemic control,
yet its shortcomings such as ineffectiveness on oral
administration, short shelf life, requirement of con-
stant refrigeration and in the event of excess dosage
ñ fatal hypoglycemia limits its usage (5). Though
sulfonylureas and biguanides are valuable in treat-
ment of diabetes, their use is restricted by their lim-
ited action and side effects. For various reasons in
recent years, the popularity of complementary med-
icines in diabetic control has increased (6). Natural
plant drugs are frequently considered to be less toxic
with lower side effects than synthetic ones (7).
However, few have received scientific or medical
scrutiny and the WHO has recommended that the
traditional plant treatments for diabetes warrant fur-
ther evaluation (8). This leads to increasing demand
for herbal products with anti-diabetic activity and
less side effects. In addition, the selection of herbal
products in efficacy testing is relatively easy
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because they have been used as folk medicines since
long times (9, 10).

Sida tiagii Bhandari (Sida pakistanica; Family
ñ Malvaceae), a native species of the Indian and
Pakistan desert area, popularly known as ìKharentiî
in India, is used in the folk medicine as/in blood puri-
fier, tonic, muscle strengthener and treatment of
metabolic disorders (11, 12). The species from Sida
genus like Sida cordifolia, Sida acuta, Sida rhomb-
hofolia and Sida spinosa are traditionally used as/in
febrifuge, abortifacient, diuretic, metabolic disor-
ders, dysentery, vomiting, gastric disorders, asthma,
fever, aches, pains, ulcers, skin disease, diarrhea dur-
ing pregnancy, rheumatism, neurological modulators
and as anti-worm medication (13). These species
have been known to possess antidiuretic, antidiabet-
ic (14), anti-inflammatory, analgesic (15), antimalar-
ial (16), antiplasmodial, antihypertensive (17) and
antibacterial properties (18). A recent report on Sida
tiagii indicated that it contains terpenes, carbohy-
drates, flavones, resin and glycosides (19).

The literature review revealed that extracts of
roots and leafs of these species of Sida were known
to have various pharmacological activities (19ñ21),
while fruits were screened only for its psychophar-
macological activity, which is extensively used in
traditional systems of medicine for treatment of
metabolic disorders. In light of above, in the present
study, we aimed to explore the beneficial effects of
Sida tiagii fruits on n-STZ (neonatal streptozo-
tocin)-induced diabetic rats by investigating their
effects on carbohydrate metabolism, glycogen
metabolism and antioxidant status.

EXPERIMENTAL

Drugs and chemicals

Tolbutamide, glibenclamide (Torrent
Pharmaceutical, Ahemadabad), steptozotocin,
heparin (SRL, India), EDTA (Hi-media Lab. Pvt
Ltd., Mumbai), n-butanol, acetic acid, n-hexane,
petroleum ether, ethyl acetate, glucose standard, cit-
ric acid, sodium citrate, Tris hydrochloride, buffer
tablet, sodium lauryl sulfate, thiobarbituric acid,
trichloroacetic acid, triton-X, glycogen, ethanol,
Tween 80, carboxymethyl cellulose, Ellmanís
reagent (5,5í-dithiobis-(2-nitro-benzoic acid) ñ
DTNB), sodium sulfate, methanol, pyridine,
anthrone, thiourea, benzoic acid, sodium chloride
(s.d. Fine Chem Ltd., Mumbai).

Preparation of extract of Sida tiagii
Sida tiagii, collected from the local fields of

Rajasthan (India) in the month of October, was iden-

tified by Dr. H.B. Singh, Head, Raw Materials
Herbarium and Museum, National Institute of
Science Communication and Information Resources
(NISCAIR), India. Sida tiagii fruits were dried at 40
± 1OC, grounded into a granulated powder and defat-
ted with petroleum ether. The ethanol extract was
obtained by extracting 4 kg of defatted seed powder
with ethanol (95%) at 50OC for 72 h in Soxhlet appa-
ratus followed by filtration and concentration in
rotary vacuum evaporator at 50 ± 5OC to its one third
volume. The concentrate was partitioned with n-
hexane (n-Hexane Extract; HS) and ethyl acetate
(Ethyl Acetate Extract; EAS) and the respective lay-
ers were separated out and dried on water bath at
30OC till dryness (HS, 32.23 g, EAS, 26.68 g). The
residual ethanol fraction (Residual Ethanol Extract;
RES) was dried on water bath separately to yield
RES (RES; 104.10 g). All the extracts were stored at
the temperature below 10OC and were freshly pre-
pared with 2% Tween 80 for pharmacological
experiments.

Experimental animals

Wistar rats (2 day old pups with mother) were
procured from Disease Free Small Animal House,
Chaudhary Charan Singh Haryana Agriculture
University, Hisar (Haryana). The mother rats were
housed separately, one in a single cage
(Polycarbonate cage size: 29◊22◊14 cm) under lab-
oratory conditions with alternating light and dark
cycle of 12 h each. The animals had free access to
food and water. The animals were kept fasted 2 h
before and 2 h after drug administration. The exper-
imental protocol was approved by Institutional
Animals Ethics Committee (IAEC) and animal care
was taken according to the guidelines of Committee
for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Govt. of India
(Registration No. 0436). The treatments were
administered once a day orally.

Induction of experimental neonatal streptozo-

tocin diabetes

Five-day-old male Wistar rats (pups) were fast-
ed (separated from their mothers) for 8 h. One group
of animals (diabetic, STZ) was injected with STZ
(100 mg/kg, i.p.) freshly diluted in citrate buffer (10
mmol/L, sodium citrate, pH 4.5). The control group
received only the vehicle solution in an equivalent
volume. Mortality (44.6%) occurred in the STZ-
treated group during the first day of injection. After
weaning (day 21), the animals were kept in groups
of 6 in collective cages under a 12-h light-dark cycle
(lights on at 7:00 a.m.) at 23OC and with free access
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to food and water for the following 9 weeks and then
used for study. Body weight and glycemia were
weekly measured from weaning to sacrifice (12
weeks old). During the 10th week of age, the animals
were kept in individual cages to determine blood
glucose level and rats with the fasting plasma glu-
cose level (PGL) of = 200 mg/dL were considered as
diabetic and selected for further pharmacological
studies (22).

Acute toxicity study

The rats were given all extracts (HS, EAS and
RAS) at a dose 100, 200, 500, 1000 and 2000
mg/kg daily for a period of 3 weeks (five rats were
taken for each group). The animals were observed
for any physical sign of toxicity such as writhing,
gasping, palpitation and decrease respiratory rate or
motility.

One day treatment study

Effect on blood glucose level: Animals were
divided in groups comprising of six animals per
group as follows: (i) Non-diabetic (ND) control rats;
(ii) Diabetic control: Animals were administered
with vehicle only; (iii) Diabetic animals were
administered tolbutamide (100 mg/kg; p.o.); (iv, v,
and vi, vii) Diabetic animals were treated with 200
and 500 mg/kg, p.o. ñ HS and EAS, respectively;
(viii and ix) Diabetic animals were treated with 200
and 500 mg/kg p.o. RES, respectively. Blood glu-
cose level was measured at 2, 4, 6 and 8 h after drug
administration. Blood samples were taken from the
tail vein (according to the Guideline 9 IACUC, 99).
The glucose concentration was measured by Accu-
check compact glucometers (Roche; GOD-POD
Method).

Effect on insulin secretion: The extract RES
showed optimum antihyperglycemic activity in ini-
tial screening at 500 mg/kg. Henceforth, HS and
EAS were omitted for further study and RES (500
mg/kg) was used for further experiments. For acute
effect on insulin secretion, animals were classified
into five groups (1ñ5), each of which contained six
rats. Group 1 (non-diabetic control) received vehi-
cle, group 2 (non-diabetic) received the standard
hypoglycemic agent, tolbutamide (100 mg/kg),
group 3 (diabetic control) received vehicle, group 4
(diabetic) received tolbutamide (100 mg/kg), and
group 5 (diabetic) received RES at a dose of 500
mg/kg. For the acute experiment, tolbutamide was
selected as the control drug because Ohta et al.
demonstrated in neonatal-induced streptozotocin
diabetic rats that tolbutamide leads to increases in
insulin secretion in early phase and this effect is not

glucose-dependent (23). Serum insulin was meas-
ured by rat insulin ELISA kit at 0, 30, 60 and 120
min after administration of single dose (RES 500
mg/kg) in ELISA reader at 492 nm subtracting that
at 630 nm (24, 25).

Chronic experiment

The diabetic animals were divided in two sets
for oral glucose tolerance test and antihyper-
glycemic effect. Each set of animals was further
divided in 4 groups comprising six animals in each,
as follows:: Group 1 (non-diabetic control) received
vehicle, group 2 (diabetic control) also received
vehicle, the rats of group 3 (diabetic) were given the
standard oral hypoglycemic agent glibenclamide
600 µg/kg in the same vehicle, and group 4 (diabet-
ic) received RES 500 mg/kg. All groups are subject-
ed to 19 days treatment schedule.

Oral glucose tolerance test: After 19 days
treatment, on 20th day, fasting rats were subjected to
an oral glucose tolerance test (OGTT). Glucose (2
mg/kg) was administered to 18 h fasted rats. Blood
samples were collected from tail vein at 0, 30, 60, 90
and 120 min. 

Chronic effect on blood glucose level and bio-
chemical parameters: Blood glucose level was
measured on 5th, 10th, 15th and 20th day of treatment.
The fasted animals were sacrificed by cervical
decapitation on 20th day of the first treatment. Trunk
blood was collected in heparinized tubes and the
plasma obtained by centrifugation at 5000 rpm for 5
min was used for the determination of plasma cho-
lesterol, malondialdehyde (MDA) and reduced glu-
tathione, while whole blood was used for glycated
hemoglobin. Total plasma cholesterol and glycated
hemoglobin levels were measured by commercial
supplied biological kit ñ Erba Kit (CHOD-PAP
Method) using Chem 5 Plus-V2 auto-analyzer (Erba
Mannheim Germany) in plasma sample prepared as
above. Malondialdehyde (MDA), an index of free
radical generation/lipid peroxidation, was deter-
mined as described by Okhawa et al. (26).
Estimation of plasma reduced glutathione level was
performed as previously reported (27). Liver glyco-
gen estimation was done by the method as described
(28).

Data analysis

All the results were expressed as the mean ±
standard error of the mean (SEM). The data of all
the groups were analyzed using one-way ANOVA
followed by Dunnettís t-test using the software
Sigma-Stat 3.5. In all the tests, the criterion for sta-
tistical significance was p < 0.05.
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RESULTS

Toxicity study

The rats tested with all doses of HS, EAS and
RES did not show any drug-induced physical sign of
toxicity during the whole experimental period and
no deaths were registered.

Effects of one day treatment

Administration of various fruit extracts of Sida
tiagii with a dose of 200 mg/kg and 500 mg/kg to n-
STZ diabetic rats showed a variable effect on glu-
cose level. HS (200 and 500 mg/kg) and EAS (200
mg/kg) treatment does not showed glucose reducing
activity in acute hyperglycemic study, whereas EAS

Table 1. Effect of Sida tiagii on STZ diabetic rats on acute hyperglycemic model.

% reduction plasma glucose level
Treatment

2 h 4 h 6 h 8 h

Diabetic control 0.63 ± 6.94 0.34 ± 5.21 ñ1.00 ± 14.28 1.60 ± 4.84

HS 200 mg/kg ñ5.29 ± 5.34 ñ7.24 ± 3.14 ñ6.98 ± 3.78 ñ7.04 ± 4.01

HS 500 mg/kg ñ6.52 ± 7.16 ñ8.12 ± 2.15 ñ9.74 ± 4.91 ñ7.63 ± 6.87

EAS 200 mg/kg ñ9.11 ± 6.24 ñ11.74 ± 2.37 ñ14.57 ± 7.76 ñ18.14 ± 5.34

EAS 500 mg/kg ñ11.64 ± 2.56 ñ12.25 ± 9.34 ñ31.27 ± 4.34* ñ27.79 ± 3.65

RES 200 mg/kg ñ19.17 ± 8.61* ñ23.95 ± 4.27** ñ37.46 ± 3.96** ñ39.31 ± 7.42**

RES 500 mg/kg ñ27.21 ± 9.04* ñ34.77 ± 6.34** ñ43.87 ± 7.64** ñ42.62 ± 4.87**

Tolbutamide ñ31.51 ± 5.79* ñ47.53 ± 3.29** ñ57.76 ± 6.34** ñ56.69 ± 9.58**

Values are presented as the mean ± SEM; n = 6 in each group. One way ANOVA followed by Dunnettís test; * p < 0.05; ** p < 0.01; HS:
n-hexane fraction of extract; EAS: ethyl acetate extract; RES: residual ethanol extract; tolbutamide (100 mg/kg).

Table 2. Effect of Sida tiagii on acute insulin secretion.

Plasma insulin level (ng/mL)
Treatment  

0 min 30 min 60 min 120 min

Control (ñ) ND 2.015 ± 0.22 1.780 ± 0.20 2.200 ± 0.48 1.920 ± 0.22

Control (ñ) ND 
Tolbutamide 

2.408 ± 0.52 3.010 ± 1.22a 5.223 ± 0.82b,** 4.230 ± 0.52 b,**

Control (+) D 2.118 ± 0.10 2.089 ± 0.10 2.361 ± 0.38 2.118 ± 0.10   

(+) D Tolbutamide 2.540 ± 0.42 4.210 ± 0.92 a,* 5.036 ± 0.90 b,** 3.960 ± 0.48 a,**

(+) D RES 2.010 ± 0.18 3.702 ± 0.42 a,** 3.198 ± 0.24 a,* 2.010 ± 0.18  

Values are presented as the mean ± SEM; n = 6 in each group. One way ANOVA followed by Dunnettís test; a p < 0.05; b p < 0.01 when
compared to control (ñ) D control with respective time; * p < 0.05; ** p < 0.01 when compared to 0 h with respective group; ND: non-
diabetic; D: diabetic; RES: residual ethanol extract; tolbutamide (100 mg/kg).

Table 3. Effect of RES on glucose level after 19 day treatments.

Plasma glucose (mg/dL) level on

Treatment 0 day 5th day 10th day 15th day 20th day

Diabetic control 210 ± 4.28 211.323 ± 7.34 212.667 ± 5.01 207.9 ± 10.27 215.838 ± 6.79

RES 500 mg/kg 206.270 ± 3.90 167.272 ± 3.96** 147.351 ± 3.16** 124.032 ± 4.28** 108.850 ± 3.41**

Glibenclamide 212.014 ± 6.37 167.034 ± 2.29** 135.362 ± 6.37** 120.055 ± 5.23** 87.852 ± 6.02**

Values are presented as the mean ± SEM; n = 6 in each group. One way ANOVA followed by Dunnettís test; ** p < 0.01; RES: residual
ethanol extract; glibenclamide (600 µg/kg).
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Figure 1. Values are presented as the mean ± SEM; n = 6 in each
group. PG: plasma glucose, RES: residual ethanol extract, Gli:
glibenclamide

Figure 2. Effect of RES on glycated hemoglobin level. Values are
presented as the mean ± SEM; one way ANOVA

followed by Dunnettís test; a: p < 0.05, b: p < 0.01 when 
compared to normal rats values, ** p < 0.01 when compared
to diabetic control group. Nor: Normal rat HbA1c: Glycated 

hemoglobin; Hb: Hemoglobin; Normal; Dia Cont: Diabetic 
control; Gli: Glibenclamide (600 µg/kg), RES 500: Residual 
ethanol extract (500 mg/kg)

Figure 3. Effect of RES on total plasma cholesterol level. 
Values are presented as the mean ± SEM.; one way ANOVA fol-
lowed by Dunnettís test; p < 0.01 when compared to normal rats
values; ** p < 0.01 when compared to diabetic control group.
Nor: Normal rat; Dia Cont: Diabetic control; Gli: Glibenclamide
(600 µg/kg), RES 500: Residual ethanol extract (500 mg/kg)

Figure 4. Effect of RES on liver glycogen content level.
Values are presented as the mean ± SEM; one way ANOVA fol-
lowed by Dunnettís test; a: p < 0.05, b: p < 0.01 when compared
to normal rats values; * p < 0.05, ** p < 0.01 when compared to
diabetic control group. Nor: Normal rat; Dia Cont: Diabetic con-
trol; Gli: Glibenclamide (600 µg/kg), RES 500: Residual ethanol
extract (500 mg/kg)

Figure 5. A. Effect of RES on plasma malondialdehyde level. B. Effect of RES on plasma GSH level. Values are presented as 
the mean ± SEM; one way ANOVA followed by Dunnettís test;  a: p < 0.05, b: p < 0.01 when compared to normal rats values; 
** p < 0.01 when compared to diabetic control group. Nor: Normal rat; Dia Cont: Diabetic control; Gli: Glibenclamide 
(600 µg/kg), RES 500: Residual ethanol extract (500 mg/kg); GSH: plasma glutathione
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(200 mg/kg) exhibited significant hypoglycemic
activity after 6 h of administration. It seems that the
onset of action was near to 6 h. RES significantly
reduced the blood glucose level at both 200 and 500
mg/kg doses. The hypoglycemic activity of RES
was time dependent and found maximum between 6
and 8 h after its administration. The onset of action
was observed near to 2 h in the case of RES. RES
showed similar results as tolbutamide (Tab. 1).

The insulin level of non-diabetic rats group
increased compared of control after 30 min adminis-
tration of tolbutamide (100 mg/kg) and this was
observed up to 120 min. The insulin level of diabet-
ic rats was also found to be increased after 30 min of
tolbutamide administration and was significant till
120 min. Similarly, the plasma insulin was found to
increase significantly compared to diabetic control
after oral administration of RES (500 mg/kg) (Tab.
2).

Effects of chronic treatment

Effect on blood glucose: HS and EAS did not
show significant glucose lowering potential in acute
experimentation, henceforth were omitted from fur-
ther chronic experimentation. RES (500 mg/kg)
showed optimum result in one day treatment and
was further included in chronic study. RES showed
significant reduction (p < 0.01) in blood glucose
level at 500 mg/kg, p.o. dose at all days (Tab. 3). 

Oral glucose tolerance test: RES improved
glucose tolerance at both doses, comparable to
glibenclamide. The glucose clearance rate was faster
in diabetic rats treated with RES than the diabetic
control rats (Fig. 1).

Effects of RES on glycated hemoglobin, total
cholesterol and liver glycogen content: Figure 2
depicted the effects of RES (500 mg/kg) on glycat-
ed hemoglobin (HbA1c). The HbA1c data for the n-
STZ diabetic group were significantly higher than
for the control (non-diabetic group). RES showed
significant reduction of glycated hemoglobin level.
The chronic administration of the reference drug,
glibenclamide, significantly lowered the HbA1c in
20 days. The data depicted in Figure 3 indicated the
effect of RES on total plasma cholesterol. It was sig-
nificantly higher (113.74 ± 6.77 mg/dL; p < 0.01) in
diabetic rats compared to normal rats (65.80 ± 3.30
mg/dL). The chronic administration of the reference
drugs significantly (p < 0.01) lowered the total plas-
ma cholesterol concentration. The administration of
RES at 500 mg/kg showed significant reduction in
total plasma cholesterol to 81.24 ± 3.29 mg/dL level
from 113.74 ± 6.77 mg/dL. The liver glycogen level
was found to be low in n-STZ rats compared to nor-

mal rats (Fig. 4). RES, at a dose of 500 mg/kg,
increased the liver glycogen content significantly
compared to diabetic control rats (p < 0.05). 

Effects of RES on antioxidant parameters: The
data indicated in Figure 5a demonstrate the plasma
level of MDA in normal and experimental animals
in each group. Plasma MDA level was found to be
significantly higher in n-STZ diabetic rats compared
to normal rats. Treatment of n-STZ diabetic rats
with RES resulted in marked decrease in plasma
MDA level, which was comparable to that of stan-
dard glibenclamide. The plasma glutathione (GSH)
level was significantly decreased in n-STZ rats com-
pared to control animals. The level of glutathione
was returned to near normal range in n-STZ diabet-
ic rats treated with RES and diabetic rats treated
with glibenclamide (Fig. 5b).

DISCUSSION

The present study was conducted to access the
antihyperglycemic activity of Sida tiagii fruit extract
on n-STZ diabetic rats. n-STZ diabetic model is
widely employed for screening of type 2 antidiabet-
ic activity. As previously discussed, tolbutamide
leads to increased insulin secretion in n-STZ diabet-
ic rats independent of blood glucose concentration
and has been used in acute study as reference antidi-
abetic drug. From Table 1, it can be concluded that
n-hexane extract of Sida tiagii (HS) has no hypo-
glycemic activity. Ethyl acetate extract (EAS)
showed little effect (31.27 ± 4.34% reductions in
PG) at higher dose (500 mg/kg) at 6 h; it indicated
that EAS may have low concentration of active prin-
ciple. RES at doses of 200 and 500 mg/kg showed
significant reduction of elevated glucose level on
single administration. The onset of action of residual
ethanol extract of Sida tiagii (RES) starts at 2nd h
and persisted till 8 h. The peek glucose reduction
(43.87 ± 7.64% reduction in plasma glucose) was
observed at 6 h on treatment with RES (500 mg/kg).
The acute effect of RES is further supported by its
insulin secretagogues activity.

Further, during chronic study in RES treated
rats, at doses of 500 mg/kg, significant reduction in
plasma glucose level was observed on 19 day of
administration with 47.16 ± 3.41% reductions. In
the RES treated diabetic rats, improved glucose tol-
erance was observed as reported by Ravikant and
Diwan on using Sida cordifolia (Family ñ
Malvaceae) (15). 

Furthermore, here we confirmed the previous
observation in uncontrolled and long term diabetes
that an increased glycosylation of a number of pro-
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teins, including hemoglobin, were observed along
with higher levels of glucose (29, 30). HbA1c makes
up 3.4ñ5.8% of total Hb in normal human red blood
cells, but it is increased in patients with overt dia-
betes mellitus (31). Glycated hemoglobin was found
to increase in diabetic patients up to 16% and the
level of HbA1c is monitored as a reliable index of
glycemic control in diabetes (32). In case of RES
treated rats (500 mg/kg), glycated hemoglobin was
reduced to 8.06 ± 0.84% of Hb level from that of
12.36 ± 0.91%. The above result indicated that RES
has good glycemic control in long term diabetics.
The cholesterol reducing activity of RES may be
explained on the basis of improved glycemic con-
trol. Similar beneficial results were observed with
live glycogen, which may be attributed to improved
glycemic control or effect on gluconeogenesis,
which needs to be further investigated. 

Auddy reported antioxidant potential in Sida
genus and similar results were observed in the pres-
ent study (33). RES (500 mg/kg) showed strong
antioxidant potential with reduction of MDA level.
Increasing evidence in both experimental and clini-
cal studies suggested that oxidative stress plays a
major role in the development and progression of
both type 1 and type 2 diabetes mellitus. The facts
that the role of antioxidant compound in both pro-
tection and therapy of diabetes mellitus were also
emphasized by previous scientific reports. There is
an evidence that glycosylation of various proteins
may itself induce the generation of oxygen-derived
free radicals under diabetic condition. Hyper-
glycemia results in the generation of free radicals,
which can exhaust antioxidant defense thus leading
to the disruption of cellular functions, oxidative
damage to membrane and enhance susceptibility to
lipid peroxidation. This can be supported by present
results, where significant increase of plasma MDA
concentration was observed in case of diabetic rats.
It has been reported that the products of lipid perox-
idation diffuse from the site of tissue damage and
therefore can be measured in plasma (34ñ36).

In the present study, decreased plasma glu-
tathione level was observed in n-STZ diabetic rats
(13.39 ± 3.22 mg/dL) compared to normal rats
(38.54 ± 2.83 mg/dL). Reduced glutathione has an
important role in regulation of cellular redox state
and therefore imbalance in reduced glutathione to
oxidized glutathione is a putative indicator of cellu-
lar oxidative stress (37). A decrease in plasma glu-
tathione level of n-STZ diabetic rats is partly due to
its utilization by the tissue to compromise the dele-
terious effect of lipid peroxidation (38). There is a
negative correlation between GSH and HBA1c in

diabetic animals as reported by Giugalino, which
conforms the link between hyperglycemia and GSH
depletion (34, 39) and is supported by our observa-
tion. RES was observed to restore depleted GSH at
500 mg/kg doses, which was comparable to the stan-
dard drugs glibenclamide. Restored GSH and
decreased glycated hemoglobin on treatment of RES
confirms the aforementioned hypothesis. Indeed,
under hyperglycemic conditions, glucose is prefer-
entially utilized in polyol pathway, which consumes
NADPH necessary for GSH regeneration by the
GSH-Red enzyme (39). Hyperglycemia is therefore
indirectly the cause of GSH depletion. The RES
caused a decrease of glycated hemoglobin and
increased hepatic glycogen less than the reference
drug, glibenclamide, but at the same time decreased
MDA content more than the reference drug, which
may be attributed to its direct antioxidant activity
and independent to glucose level.

The phytoconstituents responsible for the anti-
hyperglycemic and hypolipidemic effects of Sida
tiagii include polysaccharides, flavonoids, alkaloids,
diterpenes, resin, amino acid derivatives and
steroidal glycosides (40, 41). The detailed phyto-
chemical investigation has not been reported yet. On
the basis of preliminary phytochemical investigation
of Sida tiagii, more polar compounds such as alka-
loids and flavonoids are responsible for an increase
in insulin secretion and peripheral glucose utiliza-
tion (19).

In conclusion, the residual ethanol extract of
Sida tiagii fruits has potential hypoglycemic activi-
ty in n-STZ diabetic rats. The mechanism of action
of beneficial effect action may be attributed to
involvement of RES in improved insulin secretion
and peripheral glucose utilization. Further, phyto-
chemical and pharmacological evaluations have to
be carried out on the Sida tiagii in order to identify
the active principle responsible for antihyper-
glycemic activity and its mechanism of action.
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