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Effect of aqueous and alcoholic extract of Sesbania sesban
(Linn) Merr. root on glycemic control in streptozotocin-induced

diabetic mice

Abstract

Aim: The present study was carried out to investigate the hypoglycemic effects of the aqueous and ethanolic
extracts of Sesbania sesban (SS) (Merr.) roots, which is widely used in inflammation, fever, ulcers, leucoderma
and diabetes in various parts of India. Materials and Methods: SS extracts were administered orally at doses (500
and 1000 mg/kg) to normal and streptozotocin (STZ) induced Type-2 diabetic mice. The fasting blood glucose
(FBG), biochemical parameters in serum viz., blood glucose, serum insulin, cholesterol, triglyceride (TG), high-
density lipoprotein (HDL) cholesterol, urea, creatinine and total protein, change in body weight, internal organs
weight, food intake, water intake and glycogen level in liver were performed for the evaluation of hypoglycemic
effects. Results: Both doses of aqueous and ethanolic SS extracts caused a marked decrease of FBG in STZ
induced Type-2 diabetic mice. Both extracts decreased the cholesterol, TG, urea, creatinine level and increased
the insulin, HDL cholesterol and total protein level. Decrease in body weight and glycogen level induced by STZ
was restored. Increase in water and food intake induced by STZ was decreased. Conclusions: The results suggest
that aqueous and ethanolic extracts of SS may have hypoglycemic potential for the Type-2 diabetes and support

the traditional use of the roots of plant as a hypoglycemic agent.
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Introduction

Diabetes mellitus is a metabolic disease, characterized
by hyperglycemia together with impaired metabolism
of glucose and other energy-yielding fuels, such as lipids
and proteins. This metabolic disorder is the result of a
deficiency in insulin secretion or a resistance to insulin
action, or both™ which, further leads to several chronic
complications such as diabetic neuropathy, retinopathy,
nephropathy, cardiomyopathy and foot diseases.””
Management of diabetic and its complications is a huge
economic burden and one of the major global public
health problem, rapidly getting worse particularly in the
developing nations. The estimated diabetes prevalence in

2010 was 285 million, representing 6.6% of the world’s
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adult population and it is predicted to be increased to 435
million by 2030.5

Several management strategies have been proposed for the
early stages of hyperglycemia, with the aim of preventing
the development of diabetes and associated complications.
The current treatments of diabetes mellitus include diet,
exercise, various oral anti-diabetic drugs, insulin therapy or
even combination therapies.”) The modern drugs, insulin
and other oral hypoglycemic agents such as biguanides,
sulphonylureas, glucosidase inhibitors have characteristic
profile of adverse effects, which include frequent diarrhea,

Manjusha Choudhary, Neha Aggarwal, Nitesh Choudhary?,
Pankaj Gupta?, Vikaas Budhwaar?

Institute of Pharmaceutical Sciences, Kurukshetra University,
Kurukshetra, *R.P. Inderprastha Institute of Technology, Bastara,
Karnal, *Department of Pharmaceutical Sciences, Maharishi
Dayanand University, Rohtak, Haryana, °Central Research Institute for
Homoeopathy, Drug Standardization Unit, Noida, Uttar Pradesh, India

Address for correspondence:

Ms. Manjusha,

Institute of Pharmaceutical Sciences, Kurukshetra University,
Kurukshetra - 136 119, Haryana, India.

E-mail: manjushachoudhary@gmail.com

Drug Development and Therapeutics .




Manjusha, et al.: Antidiabetic activity of Sesbania sesban

hypoglycemia, hepatotoxicity, lactic acidosis, dyslipidemia,
hypertension and hypercoagulability.” Given the alarming
increase in the world-wide diabetic population, there is a
need for novel therapies, which are effective with minimal
adverse events.'® Hence, the search for a definitive cure for
diabetes mellitusis being pursued vigorously by the scientific
community. Plants have always been an exemplary source
of drugs and many of the currently available drugs have
been derived directly or indirectly from them.”? A number
of investigations, of oral anti-hyperglycemic agents from
plants used in traditional medicine, have been conducted
and many of the plants were found with good activity.#11
This has lead an increasing demand for research on anti-
diabetic natural products, which produce minimum or no
side-effects.

The Sesbania sesban (SS) is a native wild tree of India and is
widely distributed throughout in India, up to an altitude of
1200 m. It belongs to family Fabaceae (Leguminoseae). It is
commonly known as Jayanti, Jayata and Egyptian pea. The
root is hot and bitter, carminative, cures tuberculous glands,
fever, ulcer, diabetes and lecoderma etc.!”

The main objective of the present investigation is to
ascertain the scientific basis for the use of this plant in
the management of diabetes, using streptozotocin (STZ)-
induces diabetic mice, particularly since no such report had
been documented in the literature. Hence, the potential
hypoglycemic effect of aqueous and ethanolic extracts of
SS was evaluated using STZ-induced diabetic mice and
compared with metformin (MT) as a reference standard.

Materials and Methods

All the experimental procedures and protocols used in the
study were reviewed by the Institutional Animal Ethics
Committee (Register Number: 562/GO /02/a/CPCSEA)
and were in accordance with the CPCSEA guidelines,
Government of India.

Animals

Healthy adult Swiss albino mice (25-30 g) of either sex of
were obtained from a disease free animal house of Chaudhary
Charan Singh, Haryana Agriculture University, Hisar,
Haryana (India). The animals were housed in the animal
house, Institute of Pharmaceutical Sciences, Kurukshetra
University, Kurukshetra, Haryana (India). Animals were fed
with commercially available autoclaved standard pelleted
laboratory animal diet and were maintained under standard
conditions of temperature (25°C + 5°C), relative humidity
(55% +10%) and 12/12 h light/dark cycle. The animals were
provided free access to purified water (purified through
reverse osmosis during the study period. All the animals
were housed individual during the entire study period, in
each polycarbonate cage (290 mm x 220 mm x 140 mm)
with rice husk bedding and stainless steel metal tops.
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All the animals were acclimatized for a period of 5 days
prior to initiation of the treatment. Each animal during
acclimatization and study period was identified with Study
Name, Cage Number, Species and Strain, Sex, Animal
Number, Acclimatization/study Start and End date. Body
weights of all the animals were recorded once on the day
of receipt, on the day of randomization and on the day of
treatment. Color-coded cage cards were used to identify
each cage throughout the study. During treatment period
each cage card was identified with at least Study Number,
Cage Number, Species and Strain, Sex, Dose Group, Dose
Level, Route, Animal Number, Date/Fate of Death, Dosing
Start Date and End Date.

Chemicals

STZ (Himedia Lab. Pvt. Ltd.), MT (gift sample from Affy
Pharma Pvt. Ltd. Baddi), total protein, serum triglyceride
(TG), cholesterol, high-density lipoprotein (HDL)
cholesterol, serum urea and creatinine estimation kits
(ERBA Diagnostic Mannheim GmbH Mallaustr). Any other
chemicals used were of AR grade.

Plant material

The roots of SS were collected from the nursery of
Kurukshetra University and from fields nearby Kurukshetra
University during September to October, 2008. Then,
collected roots were positively identified at The Environment
Society of India, Chandigarh (India). Voucher specimen
(No.-ES1/15/2009) has been deposited in the herbarium
of the Institute of Pharmaceutical Sciences, Kurukshetra
University.

Extraction method

One kilogram roots of SS were washed and cleaned
thoroughly so as to remove any type of contamination.
Then washed roots were air dried in shade, powdered in
grinder and passed through sieve of mesh size no-40. Half
of the coarse powder was subjected to Soxhlet extraction for
48 h using ethanol and remaining half was macerated with
distilled water for 72 h. The extracts were distilled and last
traces of solvents were removed by rotary evaporator under
reduced pressure. The yield of crude extracts from ethanol
and water were 4.2% and 12.75%, respectively. The resulted
crude extracts were collected and preserved in airtight glass
container at 4-8°C.

Phytochemical studies

Various chemical tests were carried out on aqueous and
ethanolic extracts for the qualitative determination of
phytochemical constituents.!?

Normoglycemic study

The effects of SS extract were evaluated in the normal
animals. The percentage reduction in the basal glucose
level was measured at the various time intervals after
single oral administration of extracts. A total of 36 mice
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were selected based on the body weight and randomly
assigned into 6 groups, such that there was no statistically
significant difference amongst the group mean body weight.
Each group consisted of 6 animals and allocated as Group
I: Vehicle control, Group II-III: Ethanolic extract at doses
(500, 1000 mg/kg), Group IV-V: Aqueous extract at doses
(500, 1000 mg/kg), Group VI: MT (0.5 mg/kg, p.o.). Mice
were fasted overnight and water was provided ad libitum.
Both ethanolicand water extracts were suspended in distilled
water. Blood samples were collected from tail vein at 0, 30,
60, 120 min after administration of the treatments, for
glucose analysis by using one touch electronic glucometer,
by using glucose strips.

Oral glucose tolerance test

The effects of alcoholic and aqueous extract of roots of
SS were evaluated on the glucose loaded normal mice.
The blood glucose levels were monitored at various time
intervals after single administration of extracts. Mice
were fasted overnight and randomly assigned in 6 groups
of 6 animals each. Different groups received aqueous and
alcoholic extracts at the dose of (A) 500 (B) 1000. Normal
control group received tween 80 suspension (0.5%) and
glucose 2 g/kg, Positive control group received MT followed
by 2 g/kg of oral glucose. Blood glucose levels were analyzed
using glucose strips at 0, 30, 60, 120 and 180 min after
administration of the glucose at the dose of 2 g/kg to each

group.

STZ induced diabetic study

Induction of diabetes

After fasting for 18 h, mice were injected 150 mg/kg STZ i.p.
after dissolving it in freshly prepared ice-cold citrate buffer
pH (4.5). Animals had free access to feed and water and were
given 5% glucose solution to drink overnight to counter the
hypoglycemic shock. Fasting blood glucose (FBG) levels were
determined on 12% day to confirm stable hyperglycemia.
Animals having FBG levels >150 mg/dl were selected for
the experiment. The diabetic animals after confirmation of
stable hyperglycemia were divided into different groups of 6
animals each. That day was considered as 0% day and further
experimental procedure was followed.

Experimental procedure
Diabetic mice were fasted overnight and randomly assigned
in 6 groups of 6 mice each. Water was given ad libitum.
+  Group I: Vehicle control
Group II: Diabetic control
Group III: Dose A (500 mg/kg) of aqueous extract
«  Group IV: Dose B (1000 mg/kg) of aqueous extract
«  Group V: Dose C (500 mg/kg) of EtOH extract
«  Group VI: Dose D (1000 mg/kg) of EtOH extract
+  Group VII: MT (0.5 mg/kg).

The effects of extracts were studied in all the groups,
following 15 days of treatment. Blood samples were
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withdrawn from the tail vein from overnight fasted animals
on 0™, 5% 10% and 15% day following 2 h after vehicle/
extract/standard administration. The blood glucose levels
were determined by using one touch electronic glucometer,
using glucose strips.

Physical parameters

The changes in body weight, food and water intake of
animals were measured on 0%, 5% 10" and 15" day of
treatment.

Other parameters

On the 15" day, blood samples were collected from the retro
orbital plexus (ROP) under mild anesthesia. Then blood
samples were centrifuged at 3000 rpm for 20 min. Serum was
separated and stored at -20°C until analysis was performed.
The animals were sacrificed by cervical dislocation and the
following parameters were monitored.

Collection of organs
Liver, kidneys, pancreas, heart, lungs and spleen were
isolated from animals and their weights were checked.

Biochemical parameters

Blood glucose, serum insulin, cholesterol, TG, HDL
cholesterol, urea, creatinine and total protein were estimated
by using various kits methods.

Estimation of liver glycogen level

Digestion of glycogen from tissues

About 0.1 g of liver skeletal muscle was weighed and minced.
0.2 ml of 30% KOH was added. Tubes were heated in boiling
water bath for 15-20 min until clear solution was formed.
Tubes were cooled and 0.24 ml of 95% ethanol was added
in each tube to precipitate glycogen. Tubes were centrifuged
at 3000 rpm for 10 min. The supernatant was discarded
and tubes were kept on boiling water bath to remove any
remaining ethanol. The precipitated glycogen was dissolved
in 1 ml of distilled water.

Assay of glycogen

A total volume of 1 ml of unknown glycogen solution/
standard solution/water was taken along with 50 ml of 80%
phenol and 2.5 ml of concentrated sulfuric acid. The mixture
was shaken after each addition. The test tubes were allowed
to attain room temperature and absorbance was measured
at 490 nm (UV spectrophotometer) and compared with the
normal readings.

Statistical analysis

Data obtained from pharmacological experiments, are
expressed as mean + SD. Differences between control and
treatment in these experiments were tested for significance
using Analysis of Variance followed by Dunnett’s t-test, with
P < 0.05 were considered as significant.!™
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Results

Phytochemical studies

The ethanolic and aqueous extracts of SS consisted following
chemical constituents viz., phytosterols, saponins, proteins,
gums, mucilages and flavonoids.

Normoglycemic study

The administration of aqueous and ethanolic extracts at the
dose of 500 and 1000 mg/kg of SS did not exhibit any significant
changes in blood glucose level in normal mice [Table 1].

Oral glucose tolerance test

The effects of alcoholic and aqueous extract of roots of
SS were evaluated on the glucose loaded normal mice.
The blood glucose levels were monitored at various time
intervals after single administration of extracts [Table 2]. A
significant decrease in blood glucose level was observed at
all the doses compared to vehicle control.

STZ induced diabetic study

The anti-hyperglycemic effect of the extracts on the FBG
of diabetic mice is shown in Table 3. Administration of STZ
(150 mg/kg, i.p.) led to approximate two fold elevation of
EBG levels, which was maintained over a period of 15 days.
Daily treatment of aqueous and ethanolic extracts at the
dose of 500 and 1000 mg/kg led to dose dependent fall in
FBG levels by about 50%. This decrease in glucose level was
significant (*P < 0.05) in both the extracts at the dose of
1000 mg/kg, on 15* day.

Physical parameters

Table 4 shows the effect of administration of aqueous and
ethanolic extracts of SS and MT on body weight of STZ-
induced diabetic mice. Diabetic mice showed constant
reduction in body weight during 15 days. Treatment with
both the extracts reversed the body weight reduction,
which was significant (*P < 0.05) at 1000 mg/kg in both the
extracts on day 15™.

Table 1: Effect of aqueous and EtOH SS extracts on blood sugar level of normal mice

Group (7 = 6) 0 min 30 min 60 min 120 min

Vehicle control 82.00+£12.5 81.21+£18.6 80.00+12.2 79.56+15.4
Aqueous extract (A) 86.16+2.1 84.11+4.2 81.00+£2.3 79.99+3.3
Aqueous extract (B) 86.33+2.8 85.00+2.2 80.77+3.5* 77.34+2.7
EtOH extract (A) 80.00+3.6 84.17+3.3 79.41+3.5 75.67+4.2*
EtOH extract (B) 75.11+2.1 77.83+3.4 75.23+1.1 72.78+3.5*
MT 78.99+4.3 79.00+4.5 72.67+2.7* 68.66+4.2*

The values are mean = SEM, parenthesis: n = Number of animals indicated. ¥*P < 0.005 as compared to vehicle control group. A (500 mg/kg); B
(1000 mg/kg); MT (0.5 mg/kg). SEM — Standard error of mean; SS — Sesbania sesban; MT — Metformin; EtOH - Ethanol

Table 2: Effect of aqueous and EtOH SS extracts on oral glucose tolerance test

Group (7 = 6) 0 min 30 min

Vehicle control 77.25+0.90 140.90+1.76
Aqueous extract (A) 85.30+7.3 133.73+2.2
Aqueous extract (B) 83.45+2.9 136.70+2.3
Alcoholic extract (A) 82.30+7.3 123.73+2.2
Alcoholic extract (B) 81.45+2.9 136.70+2.3
MT 73.70+4.9 103.80+4.8°

60 min 120 min 180 min
156.55+1.60 135.30+1.33 120.22+2.5
148.33+3.5 111.23+3.3° 106.44+2.1
125.67+2.3° 113.20+2.3° 91.67+1.6°
135.33+4.5° 110.23+2.3¢ 103.44+2.1°
128.67+3.3¢ 113.20+2.3¢ 95.67+2.6°
121.7+1.3° 91.56+2.2° 91.00+4.6°

The values are mean = SEM, parenthesis: n = Number of animals. A (500 mg/kg); B (1000 mg/kg); MT (0.5 mg/kg). 2P<0.005 versus
normal control; (One way ANOVA followed by Dunnett’s, multiple comparison test). SEM — Standard error of mean; SS - Sesbania sesban;

MT — Metformin; EtOH - Ethanol

Table 3: Effect of aqueous and EtOH SS extracts on the FBG in STZ induced NIDDM in mice

Group (7 = 6) 0" day (mg/dI) 5% day (mgdl) 10" day (mg/dI) 15" day (mg/dl)
Diabetic control 179.33+11.6 184.00+9.2 182.19+9.6 182.40+7.6
Aqueous extract (A) 171.50£1.1 150.99+5.4 122.14+£10.0 99.34+14.4
Aqueous extract (B) 183.23+0.45 152.91+15.6 128.13+9.5 97.31+0.06*
EtOH extract (A) 182.15+6.3 150.00+9.4 131.14+6.6 101.35+11.4
EtOH extract (B) 175.08+0.21 145.88+10.3 128.11+9.3 97.32+16.3*
MT 182.99+11.7 150.71+12.5 133.09+9.7 91.31+10.2*

The values are mean + SEM, parenthesis: n = Number of animals indicated. *P < 0.05 as compared to diabetic control group. A (500 mg/
kg); B (1000 mg/kg); MT(0.5 mg/kg). SEM - Standard error of mean; SS - Sesbania sesban; MT — Metformin; FBG - Fasting blood glucose;
STZ - Streptozotocin; NIDDM — Non-insulin dependent diabetes mellitus; EtOH — Ethanol
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In diabetic animals food and water intake increases due to
polyphagia and polydipsia, that is caused by uptake of STZ.
Animals treated with both the doses (500 mg/kg and 1000
mg/kg) of SS roots extracts showed decrease in food and
water intake [Table 5] after 15 days of treatment. However,
significant (*P < 0.05) reduction was observed only with
dose 1000 mg/kg of both extracts when compared with
diabetic control.

Organs weight

It is evident from Table 6 that STZ-induced diabetes
increased the weight of liver, kidneys, pancreas, heart
and lungs. The increase in weights of these organs was
antagonized by administration of aqueous and ethanolic
extracts and MT. The values of liver, kidneys and heart are
significant with MT only and with SS extracts values are not
significant. Both the extracts at dose (1000 mg/kg) induced

significant (*P < 0.05) decrease in weight in case of pancreas
and lungs only.

STZ-induced diabetes decreased weight of spleen [Table 6].
Decrease in weight was restored by administration of SS
extracts and MT. Values were significant (*P < 0.05) with
MT and 1000 mg/kg dose of both aqueous and ethanolic
extracts.

Biochemical parameters

Serum cholesterol, TG, urea and creatinine levels were
increased with diabetes. Both extracts at dose 500 mg/kg
induced significant (*P < 0.05) decrease in TG and creatinine
only. Serum insulin, HDL cholesterol and total protein level
were decreased in diabetic mice. These parameters were
increased significantly (*P < 0.05) by SS extracts treatment
[Table 7].

Table 4: Effect of aqueous and EtOH SS extracts on the body weight of STZ induced NIDDM in mice

Group (7 = 6) 0™ day (g) 5™ day (g) 10" day (g) 15t day (g)
Diabetic control 25.44+0.02 20.55+0.06 17.11£0.11 15.66+0.22
Aqueous extract (A) 20.33+0.07 23.14+0.08 23.25+0.12 23.22+2.2
Aqueous extract (B) 20.45+0.09 21.51+0.10 22.36+0.14 2211£2.7%
EtOH extract (A) 20.72+0.10 21.66+0.09 22.30+0.16 22.23+0.11
EtOH extract (B) 19.77+0.21 22.22+0.19 22.42+0.18 23.22+1.1*%
MT 21.54+0.10 23.43+0.09 24.33+0.16 25.26+3.4%

The values are mean + SEM, parenthesis: n = Number of animals indicated. *P < 0.005 as compared to diabetic control group. A (500 mg/kg);
B (1000 mg/kg); MT (0.5 mg/kg). SEM - Standard error of mean; SS - Sesbania sesban; MT — Metformin; STZ - Streptozotocin;

NIDDM - Non-insulin dependent diabetes mellitus; EtOH — Ethanol

Table 5: Effect of aqueous and EtOH SS extracts on the food and water intake of STZ induced NIDDM in mice

Group (7 = 6) Food intake (g) Water intake (ml)
Day 1 Day 5 Day 10 Day 15 Day 1 Day 5 Day 10 Day 15

Diabetic control 65.50+3.3 62.52+3.1 69.10+2.9 70.78+1.6 4550+4.3 4752+2.1  49.10+3.9 50.78+1.6
Aqueous extract (A) 72.20£3.0 68.53+2.6 64.81+3.7 56.92+1.1 48.20+3.0 4453+2.6 38.81+3.7 36.92+1.1
Aqueous extract (B) 70.66+25 65.31+2.3 61.64+23 56.58+14"  4566+25 41.31+2.3 39.64+2.3  34.58+1.4*
EtOH extract (A) 71.22+2.0 63.34+43 59.74+23 55.12+14 45.22+2.0 4234+43 39.74+2.3 35.12+5.4
EtOH extract (B) 69.99+35 62.62+2.6 57.44+3.3 53.82+4.1"  44.99:35 39.62+2.6 38.44+3.3  34.82:4.1%
MT 73.24+34  66.55+4.3 59.72+23 51.14+24"  46.24+34 4055+43  38.72+2.3  32.14+2.4

The values are mean + SEM, parenthesis: n = Number of animals indicated. *P < 0.005 as compared to diabetic control group. A (500 mg/kg);
B (1000 mg/kg); MT (0.5 mg/kg). SEM - Standard error of mean; SS - Sesbania sesban; MT — Metformin; STZ — Streptozotocin; NIDDM - Non-
insulin dependent diabetes mellitus; EtOH — Ethanol

Table 6: Effect of aqueous and EtOH SS extracts on the weight of organs such as liver, kidney, pancreas, heart,
lung and spleen of STZ induced NIDDM in mice

Group (7 = 6) Liver weight (g)  Kidney weight (g) Pancreas weight (g)  Heart weight (g) Lung weight (g)  Spleen weight (g)
Diabetic control 4.68+0.06 1.38+0.06 0.19+0.06 0.40+0.06 0.56+0.06 0.10+0.02
Aqueous extract (A) 3.50+1.1 0.99+0.34 0.14+0.01 0.34+0.04 0.44+0.01 0.12+0.04
Aqueous extract (B) 3.23+0.45 0.91+0.16 0.13+0.05* 0.31+0.06 0.43+0.05* 0.14+0.06*
EtOH extract (A) 3.15+0.30 1.01+£0.44 0.14+0.01 0.35+0.04 0.45+0.01 0.13+0.04
EtOH extract (B) 3.08+0.21 0.88+0.23 0.11+0.03 0.32+0.03 0.41+0.03" 0.15+0.03*
MT 2.99+0.07* 0.71+0.15* 0.09+0.07* 0.31+0.02 0.39+0.07% 0.18+0.02*

The values are mean + SEM, parenthesis: n = Number of animals indicated. ¥*P < 0.005 as compared to diabetic control group. A (500 mg/kg);
B (1000 mg/kg); MT (0.5 mg/kg). SEM - Standard error of mean; SS - Sesbania sesban; MT — Metformin; STZ - Streptozotocin; NIDDM - Non-
insulin dependent diabetes mellitus; EtOH — Ethanol
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Table 7: Effect of aqueous and EtOH SS extracts on serum profile in STZ induced NIDDM in mice

Group (7 = 6) Serum insulin Serum Serum TG
cholesterol

Diabetic control 14.46+1.11 329.00+0.91 190.18+9.5
Agueous extract (A)  23.11+2.37 218.51+0.97 127.23+6.3*
Aqueous extract (B)  22.16+3.22*  201.16+1.22*  108.36+5.2*
EtOH extract (A) 25.38+2.15 222.18+1.02 121.10£9.0*
EtOH extract (B) 23.21+5.11*  190.26+1.11*  101.15+9.5*
MT 22.11+4.11*  173.96+0.91**  91.96+9.1*

Serum HDL Serum urea Serum Serum total
cholesterol creatinine protein
51.00+1.5 63.00+1.9 1.35+0.1 6.0+£0.5
115.50+1.3 46.50+1.3 0.83+0.3 10.6+0.3*
99.00+1.2% 37.00+1.2% 0.70+0.2* 11.3+£0.2¢
111.00+2.0% 45.10+1.0 0.80+0.1 9.0£0.1
101.00+1.5 38.00+1.0% 0.69+0.5% 11.1+£0.5*
77.00+1.1* 34.00+1.1% 0.63+0.1** 12.3+0.1*

The values are mean = SEM, parenthesis: n = Number of animals indicated. **P < 0.005; *P < 0.05 as compared to diabetic control animals.
A (500 mg/kg); B (1000 mg/kg); MT (0.5 mg/kg). SEM — Standard error of mean; SS — Sesbania sesban; MT — Metformin; STZ - Streptozotocin;
NIDDM - Non-insulin dependent diabetes mellitus; EtOH — Ethanol; HDL — High-density lipoprotein

Liver glycogen assay

Diabetic control animals have decreased liver glycogen
level, whereas animals treated with SS extract at dose
1000 mg/kg and MT prevent this decrease in liver glycogen
level significantly (*P < 0.005) when compared with
diabetic group [Table 8].

Discussion

The present study reports the hypoglycemic effect of
aqueous and ethanolic extracts of SS for the 1 time. In the
present study, STZ produced significant increase in fasting
hyperglycemia, which was antagonized by administration
of either SS or MT. STZ selectively destroys pancreatic
insulin-secreting (3-cells by causing diabetes close to Type-
2 diabetes of humans.™ The elevated blood glucose levels
in the diabetic mice used by us were in the range of 150-
200 mg/dl which resembles Type-2 diabetes (150 to about
250 mg/dl) with partially functional pancreas. MT is a
biguanide, decreases blood glucose concentration act by
enhancing insulin sensitivity, inducing greater peripheral
uptake of glucose and decreasing hepatic glucose output.

Chronic administration of SS extracts to STZ-induced
diabetic mice showed significant and consistent decrease in
FBG levels at different time intervals throughout the period
of study when compared to the diabetic controls, indicating
its potent anti-diabetic activity. The destruction of B-cells
during diabetes ultimately physico-metabolic
abnormalities such as a decrease in body weight gain and
increase in food and water intake.'® In addition, diabetic
mice showed a clear muscle atrophy involving a decrease
in both skeletal muscle mass and protein content. This was
accompanied by a marked loss of total carcass nitrogen.
These changes were related to important alterations in
protein turnover in skeletal muscle.’” Hence, a notable
decrease in the body weight gain observed in the diabetic
group of mice might be the result of protein wasting due to
the unavailability of carbohydrates for energy metabolism
and the loss or degradation of structural proteins.’® The
significant improvement in body weight gain in diabetic
mice supplemented with SS extracts and MT highlight the

causes
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Table 8: Effect of aqueous and EtOH SS extracts on
liver glycogen level in STZ induced NIDDM in mice

Group (7 = 6) Liver glycogen level

Diabetic control 65.3+5.5
Aqueous extract (A) 69.9+4.3
Aqueous extract (B) 72.3+£2.2*
EtOH extract (A) 73.8+4.3
EtOH extract (B) 76.1+£2.5*

MT 79.9+3.6"

The values are mean + SEM, parenthesis: n = Number of animals
indicated. *P < 0.05 as compared to diabetic control group. A

(500 mg/kg); B (1000 mg/kg); MT (0.5 mg/kg). SEM — Standard error of
mean; SS - Sesbania sesban; MT — Metformin; STZ - Streptozotocin;
NIDDM - Non-insulin dependent diabetes mellitus; EtOH — Ethanol

blood glucose homeostasis which in turn promotes the body
weight gain. In both types of diabetes mellitus polyuria,
polydipsia and polyphagia symptoms develop. When the
glucose concentration in the blood is raised beyond the
renal threshold, reabsorption of glucose in the proximal
renal tubule is incomplete and part of the glucose remains in
the urine (glycosuria). This increases the osmotic pressure
of the urine and inhibits the reabsorption of water by the
kidney, resulting in increased urine production (polyuria)
and increased fluid loss.
replaced osmotically from water held in body cells, causing
dehydration and increased thirst. The hormone insulin is
also responsible for stimulating hunger. In order to cope
up with high sugar level in blood; body produces insulin
which leads to increased hunger. In the present study, the
treatment with SS and MT decreased the water intake and
food intake.!'%

Lost blood volume will be

Insulin deficiency ultimately results in increased production
of glucose by liver and decreased utilization of glucose
in peripheral tissues.”™ The elevated blood glucose level
observed in the diabetic mice was significantly decreased
in SS extracts and the MT treated group of mice suggesting
insulin stimulatory effect of SS extracts from the remnant
B-cells. This was further evidenced from the observed
increase in thelevel of plasma insulin in diabetic mice treated
with SS extracts. An alteration in the internal organ weights
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may primarily indicate toxicity or pathology occurring to
these organs. In the present study, it was found that weights
of all the organs studied, except the spleen weight, were
increased by the diabetic state. Treatment with SS extracts
and MT, restored the increased weight of organs./?!!

Hypercholesterolemia and hypertriglyceridemia have been
induced in STZ-induced diabetic mice. Insulin activates
lipoprotein lipase and hydrolyzes TG under normal
conditions. In diabetic state it fails to activate the enzymes
and cause hypertriglyceridemia under insulin deficiency.??”
From the above results, it was found that SS extracts and
MT showed the effective depression of the cholesterol and
TG levels in blood and increased the insulin level.

The diabetic hyperglycemia induces elevation of the
serum levels of urea and creatinine which were considered
as significant markers of renal dysfunction.” Insulin
deprivation in diabetic state causes a profound increase in
protein catabolism, especially in skeletal muscle. Moreover,
this total muscle protein catabolism is due to a net increase
in protein breakdown rather than a decline in protein
synthesis.”” Urea is the main end product of protein
catabolism in the body. Accumulation of urea nitrogen in
experimental diabetes may due to the enhanced breakdown
of both liver and plasma proteins.”?”! After the treatment of
STZ-diabetic mice with the aqueous and ethanolic extracts
and MT, the level of urea was significantly decreased and
level of protein increased when compared with diabetic
group suggesting the prophylactic role of SS in protein
metabolism.

Creatinine is a byproduct of the breakdown of creatine and
phosphocreatineandan elevationin creatinine usually occurs
simultaneously with an increase in blood urea nitrogen.?"!
Therefore, it may be concluded that the early renal changes
occurred in the diabetic mice were significantly improved by
the oral administration of aqueous and ethanolic extracts
and MT, compared with the diabetic group.

The conversion of glucose to glycogen in the liver cells is
dependent on the extracellular glucose concentration and
on the availability of insulin which stimulate glycogen
synthesis over a wide range of glucose concentration.?”
Since STZ selectively damage [3-cells of islets of Langerhans
resulting in marked decrease in insulin levels, hence glycogen
content of skeletal muscle and liver was markedly decreased
in diabetic mice.”® In the present study, the experimental
diabetic mice treated with SS extracts and MT restored
the glycogen level which may be due to the stimulation of
insulin release from beta cells.

Conclusions

Aqueous and ethanolic ether extracts of SS roots exhibited
significant antihyperglycemic activities in STZ-induced
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diabetic mice. The extract showed improvement in various
body and serum parameters as well as regeneration of 3-cells
of pancreas and so might be of value in diabetes. However,
further phytochemical investigations are required to isolate
and identify the hypoglycemic principles in the plant as well
as elucidating their mechanism of action.

Acknowledgment

The authors are highly grateful to Dr. Om Prakash Arora, Director,
Institute of Pharmaceutical Sciences, Kurukshetra University,
Kurukshetra for valuable guidance and for providing research
facilities.

References

1.  Methanolic extract of Marrubium vulgare ameliorates hyperglycemia and
dyslipidemia in streptozotocin-induced diabetic rats. Int J Diabetes Mellit
2011. [Article in press].

2. McGill M, Felton AM, Global Partnership for Effective Diabetes Management.
New global recommendations: A multidisciplinary approach to improving
outcomes in diabetes. Prim Care Diabetes 2007;1:49-55.

3. Islam MS. Effects of the aqueous extract of white tea (Camellia sinensis) in a
streptozotocin-induced diabetes model of rats. Phytomedicine 2011;19:25-31.

4.  Krentz AJ, Bailey CJ. Oral antidiabetic agents: Current role in type 2 diabetes
mellitus. Drugs 2005;65:385-411.

5.  Nathan DM, Buse JB, Davidson MB, Heine RJ, Holman RR, Sherwin R, et al.
Management of hyperglycemia in type 2 diabetes: A consensus algorithm
for the initiation and adjustment of therapy: A consensus statement from
the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes Care 2006;29:1963-72.

6.  Tiwari A, Rao J. Diabetes mellitus and multiple therapeutic approaches of
phyochemicals: Present status and future prospects. Curr Sci 2002;83:30-8.

7.  Kirtikar KR, Basu BD. Indian Medicinal Plants. Vol. 3. Bishen Singh Mahendra
Pal Singh, Dehra Dun 2003.

8.  Palsamy P, Subramanian S. Resveratrol, a natural phytoalexin, normalizes
hyperglycemia in streptozotocin-nicotinamide induced experimental
diabetic rats. Biomed Pharmacother 2008;62:598-605.

9. Kesari AN, Gupta RK, Singh SK, Diwakar S, Watal G. Hypoglycemic and
antihyperglycemic activity of Aegle marmelos seed extract in normal and
diabetic rats. J Ethnopharmacol 2006;107:374-9.

10. Kesari AN, Kesari S, Singh SK, Gupta RK, Watal G. Studies on the glycemic
and lipidemic effect of Murraya koenigii in experimental animals.
J Ethnopharmacol 2007;112:305-11.

11. Rao BK, Kesavulu MM, Giri R, Appa Rao C. Antidiabetic and hypolipidemic
effects of Momordica cymbalaria Hook. fruit powder in alloxan-diabetic
rats. J Ethnopharmacol 1999;67:103-9.

12. Khandelwal KR. Practical Pharmacognosy, Techniques and Experiments.
8™ ed. Pune, India: Nirali Prakashan; 2007. p. 149-53.

13. Dixon WIJ, Jennrich R. BMDP Statistical Software. Los Angeles, USA:
University of California Press; 1990.

14. LenzenS.The mechanisms of alloxan- and streptozotocin-induced diabetes.
Diabetologia 2008;51:216-26.

15. Kirpichnikov D, McFarlane S, Sowers JR. Metformin: An update. Ann Intern
Med 2002;137:25-33.

16. Rodriguez T, Alvarez B, Busquets S, Carbd N, Lépez-Soriano FJ, Argilés
JM. The increased skeletal muscle protein turnover of the streptozotocin
diabetic rat is associated with high concentrations of branched-chain amino
acids. Biochem Mol Med 1997;61:87-94.

17. Pepato MT, Migliorini RH, Goldberg AL, Kettelhut IC. Role of different
proteolytic pathways in degradation of muscle protein from streptozotocin-
diabetic rats. Am J Physiol 1996;271:E340-7.

18. Brodsky IG. Nutritional effects of dietary protein restriction in insulin-
dependent diabetes mellitus. J Nutr 1998;128 2 Suppl:337S-9.

Drug Development and Therapeutics .




19.
20.
21.
22.
23.

24.
25.

. Drug Development and Therapeutics

Manjusha, et al.: Antidiabetic activity of Sesbania sesban

Rana MH, Weaam AK. Vasopressin contribute to the renal disorder in
insulin-depending diabetes mellitus. Aust J Basic Appl Sci 2011;5:1792-6.

Giugliano D, Ceriello A, Esposito K. Glucose metabolism and hyperglycemia.
Am J Clin Nutr 2008;87:217S-22.

Chunlada B, Anan O, Rattima J. Antidiabetic and long term effects of
Elaeocarpus grandiflorus. Naresuan Univ J 2007;15:17-28.

Taskinen MR. Lipoprotein lipase in diabetes. Diabetes Metab Rev
1987;3:551-70.

Almdal TP, Vilstrup H. Strict insulin therapy normalises organ nitrogen
contents and the capacity of urea nitrogen synthesis in experimental
diabetes in rats. Diabetologia 1988;31:114-8.

Mgller N, Nair KS. Diabetes and protein metabolism. Diabetes 2008;57:3-4.

Green M, Miller LL. Protein catabolism and protein synthesis in
perfused livers of normal and alloxan-diabetic rats. J Biol Chem
1960;235:3202-8.

26. TravlosGS, Morris RW, Elwell MR, Duke A, Rosenblum S, Thompson MB. Frequency
and relationships of clinical chemistry and liver and kidney histopathology
findings in 13-week toxicity studies in rats. Toxicology 1996;107:17-29.

27. Stalmans W, Cadefau J, Wera S, Bollen M. New insight into the regulation of
liver glycogen metabolism by glucose. Biochem Soc Trans 1997;25:19-25.

28. Whitton PD, Hems DA. Glycogen synthesis in the perfused liver of

streptozotocin-diabetic rats. Biochem J 1975;150:153-65.

How to cite this article: Choudhary M, Aggarwal N, Choudhary N, Gupta P,
Budhwaar V. Effect of aqueous and alcoholic extract of Sesbania seshan (Linn)
Merr. root on glycemic control in streptozotocin-induced diabetic mice. Drug Dev
Ther 2014;5:115-22.

Source of Support: Institute of Pharmaceutical Sciences, Kurukshetra University,
Kurukshetra as M.Pharmacy Dissertation. Conflict of Interest: None declared

<122 »

Vol.5 | Issue 2 | Jul-Dec 2014 .




