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Background. Sesbania grandiflora has been traditionally used as antidiabetic, antioxidant, antipyretic, and expectorant and in the
management of various ailments. Materials and Methods. The study evaluates the antidiabetic activity of methanolic extract of
Sesbania grandiflora (MESG) in type 2 diabetic rats induced by low dose streptozotocine and high fat diet. Diabetic rats were given
vehicle, MESG (200 and 400mg/kg, p.o.), and the standard drug, metformin (10mg/kg), for 28 days. During the experimental
period, body weight, abdominal girth, food intake, fasting serum glucose, urine analyses were measured. Insulin tolerance test was
carried out on 25th day of drug treatment period. Serum analyses for lipid profile and SGOT and SGPT and serums creatinine,
urea, protein, SOD, andMDA were also carried out. At the end of the experiment, animals were euthanized, the liver and pancreas
were immediately dissected out, and the ratio of pancreas to body weight and hepatic glycogen were calculated. Results.MESG (200
and 400mg/kg, p.o.) induced significant reduction (𝑃 < 0.05) of raised blood glucose levels in diabetic rats and also restored other
parameters to normal level.Conclusion.Therefore, it is concluded thatMESGhas potential antihyperglycemic and antihyperlipemic
activities and alleviate insulin resistance conditions.

1. Introduction

Diabetes mellitus is a metabolic disorder characterized by
altered glucose and lipid metabolism leading to persistent
hyperglycemia. High fat diets and oxidative damagemay con-
tribute to the development of diabetes mellitus which is asso-
ciated with hyperglycemia, insulin resistance, dyslipidaemia,
abdominal obesity, and fatty liver and is characterized by
chronic polyuria, polydipsia, polyphagia, and weakness due
to disturbance in carbohydrate, fat, and protein metabolism.
The chronic hyperglycemia of diabetes is associated with
long-term micro- and macrovascular complications such as
damage, dysfunction, and failure of various organs, especially
the eyes, kidneys, nerves, heart, and blood vessels [1, 2]. The
increasing availability of energy dense food and the sedentary
lifestyle that is becoming prevalent in both first-world and

developing nations have led to a worldwide epidemic in type
2 diabetes mellitus (T2DM). Diabetes currently afflicts more
than 220 million people worldwide and this will increase to
about 552 million by 2030 [3–5] of which the developing
countries contribute more to this increase.

A number of plants arementioned in ancient Indian liter-
ature for the treatment of hyperglycemic and hyperlipidemic
conditions. One such drug is Sesbania grandiflora (family
Leguminosae: Papilionoideae), being used by some local
tribal people, and is selected for the present study. Sesbania
grandiflora, also called Agati, is an open branching tree up
to 15m tall and 30 cm in diameter that commonly grows on
dikes between rice paddies, along roadsides, and in back-
yard vegetable gardens. S. grandiflora native range through
TropicalAsia including India, Indonesia,Malaysia,Myanmar,
and Philippines with possibly Indonesia as the centre of
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the diversity and Southeast Asia is noncontiguous. Galac-
tomannans, oleanolic acid, 𝛽-sitosterol, and carbohydrates
have been reported in the plant. Traditionally, the bark is used
as astringent and utilized for the treatment of smallpox, ulcers
in the mouth and alimentary canal, infantile disorders of
stomach, and scabies; the juice of the leaves is utilized for the
treatment of epileptic fits and clinical research supports the
anticonvulsive activity of Agati leaves [6]. Traditionally, the
plant has also been used for its astringent, bitter, thermogenic,
styptic, alexeteric, anthelmintic, demulcent, constipating,
expectorant, and antipyretic characteristics and in treatment
of bronchitis, cough, vomiting, wounds, ulcers, diarrhoea,
dysentery, internal and external haemorrhages, dental caries,
oral ulcers, proctoptosis, stomatitis, and intermittent fevers.
Methanolic extract of the plant has been studied for in vitro
antioxidant activity and total phenolic and total flavonoid
content [7–13]. The present study is designed to investigate
the scientific basis for its traditional usage in the treatment
of diabetes mellitus. The study was carried out to screen
the antidiabetic activity of methanol extracts of Sesbania
grandiflora in high fat diet and low dose streptozotocin
induced type 2 diabetic rats.

2. Materials and Methods

2.1. Plant Material and Extract Preparation. The leaves of
Sesbania grandiflora were collected from local areas of
Berhampur, Odisha, India, and were identified and authen-
ticated by Dr. P. Lakshminarasimhan, Scientist, Central
National Herbarium, Botanical Survey of India, Howrah,
India (authentication number CNH/23/2011/Tech.II/483).
The plant materials were air-dried under shade, coarsely
powdered, and kept in airtight container. Methanolic extract
of S. grandiflora (MESG) was prepared by soxhlet apparatus
by successive extraction with petroleum ether (60–80∘C),
chloroform, and methanol. Petroleum ether and chloroform
were used in initial steps of extraction for defatting the plant
materials. The methanolic extract was collected and dried
using rotary vacuum evaporator followed by lyophilization
and stored in desiccator until further use.

2.2. Phytochemical Screening. Qualitative analysis for con-
firming different groups of phytoconstituents in MESG was
carried out based on standard protocols [14–16].

2.3. Animals. The Sprague-Dawley (SD) rats of both sexes
used for the present work were procured from the animal
house of the institute (RCPHS, Berhampur, Odisha, India)
and housed in polypropylene cages with clean sterilized husk
bedding (three rats/cage). Animals were maintained under
controlled room temperature (22 ± 2∘C) and humidity (55 ±
5
∘C) with a 12 : 12 hours’ light : dark cycle. The animals were
acclimatized to laboratory hygienic conditions for 7 days
before commencing the experiment. The animals were fed
with standard laboratory food diet made in-house as recom-
mended byNational Institute ofNutrition (NIN),Hyderabad,
and pure drinking water ad libitum.The ethical clearance was
granted by Institutional Animal Ethics Committee (IAEC) of

Royal College of Pharmacy and Health Sciences, Berhampur,
Odisha, India (registration number 1018/C/06/CPCSEA).

2.4. Drugs and Chemicals. Streptozotocin (STZ) was pur-
chased from HiMedia Laboratories Pvt. Ltd., Mumbai. Met-
formin was obtained from Dr. Reddy’s laboratories, Hyder-
abad. Different biochemical analysis kits were purchased
from Crest Biosystems, a division of Coral Clinical Systems,
India. Glucometer and blood glucose test strips of Contour
TS, Bayer Pharmaceuticals Pvt. Ltd., India, and urine analysis
reagent strips (glucose-ketone) of Dirui Industrial Co. Ltd.,
China, were purchased. All other chemicals used for the study
were of analytical grade.

2.5. Induction of T2DM. Many studies have reported that
SD rats fed with high fat diet (HFD) and injected with a
low dose of STZ could serve as an alternative animal model
for simulating type 2 diabetes in humans [17–19]. Similar
protocol with little modification was used to induce T2DM
in the animals. Briefly, the rats were allowed to feed with two
dietary regimens, group one consisting of 24 rats in treatment
group and group two comprising 6 rats as control. After 7 days
of acclimatization, rats in treated group were allocated into
dietary regimens for the initial period of 4 weeks (i.e., diet
manipulating period) consisting of HFD to develop obesity
induced dyslipidemia. HFD contains normal laboratory food
67.5%, Lard 31%, cholesterol 1%, Dl-methionine 0.3%, yeast
powder 0.1%, and sodium chloride 0.1%. HFD consists of fat
(58%), proteins (25%), and carbohydrate (17%) as percentage
of total kcal. The control group was continually fed with
normal laboratory food only. All rats had free access to food
and water. After 4 weeks of dietary manipulation, rats were
fasted for 12 h (free access to water) and injected i.p. with
35mg/kg of STZ in 0.1M citrate buffer, pH 4.5. In contrast,
rats in the control group were injected with 0.1M citrate
buffer solution only. After administration of STZ, the treated
group animals had free access to HFD feed. The control
group animals were continually fed with normal laboratory
food.The development of hyperglycemic condition in treated
group of rats was confirmed after one week of STZ injection
(i.e., diabetes inducing period) by estimation of serum glu-
cose level. The rats were fasted for 12 h (free access to water)
and treatedwithD-glucose (2 gm/kg, p.o.).The blood glucose
levels were determined before glucose treatment and 120min
after the glucose treatment by using glucometer and glucose
testing strips. Rats with blood glucose level ≥ 140mg/dL at
0min and ≥ 200mg/dL at 120min were considered to be
diabetic and included in the study [20–23].

2.6. Treatment Schedule. The experimental animals were
divided into 5 different groups containing six animals in each
group during the drug treatment period. The rats in group
I were treated with normal distilled water and served as
the normal control. The diabetic rats of treated groups were
randomly divided into four groups. Group II diabetic rats
were treated with normal distilled water and served as the
diabetic control, group III diabetic rats were treatedwithmet-
formin (10mg/kg), and diabetic rats of group IV and group
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V known as test groups were treated with MESG 200mg/kg
and 400mg/kg, respectively. The dose volume used for each
drug was 5mL/kg in distilled water. Each drug treatment
lasted for 4 weeks during which rats of all the groups had
free access to normal laboratory food andwater. All the drugs
were administered in between 9.00 and 10.00 a.m.

2.7. Parameters Measured. The different parameters mea-
sured during different occasion of experimental period are as
follows.

2.7.1. Body Weight, Abdominal Girth, and Food Intake. The
body weight and abdominal girth of each animal were
recorded on alternate weeks, that is, on days 0, 14, and 28,
of both diet manipulating and drug treatment period. The
abdominal girth at the level of kidneys was measured as an
indicator of abdominal fat [24].

The food intake was monitored periodically by weighing
the leftovers for each cage. As per the National Centre for
Laboratory Animal Sciences, NIN, Hyderabad, the scale of
normal laboratory fooddiet for each rat is 15–20 gm/day. Each
cage had three rats. Accordingly, 75 gm/day/cage of normal
laboratory food diet orHFDwas given to the respective group
of animals. The amount of food leftovers after 24 h for each
cage was recorded [25].

2.7.2. Fasting Serum Glucose Estimation. Fasting serum glu-
cose of different group animals (fasted for 12 h) was estimated
on 0, 14th, and 28th days of the drug treatment period.
A drop of blood was collected from the tail tip of rats
for the estimation of blood glucose concentration by using
glucometer and glucose testing strips [23].

2.7.3. Analyses of Urine Samples. For estimation of urine
volume on 0, 14th, and 28th days of the drug treatment
period, the animals were kept in the metabolic cages for 12 h
during night period and urine samples were collected. For
estimation of urine contents, the rats were placed on clean
white ceramic tiles on themorning time, and then their pelvic
regions were gently massaged. This treatment induced the
release of urine from the fasted animals.Thereafter, the urine
was transferred into clean tubes for analyzing the presence
of glucose and ketone bodies by using urine analysis reagent
strips [26].

2.7.4. Measurement of Insulin Sensitivity. In order to find out
the insulin sensitivity of various groups of rats, a simple intra-
venous insulin tolerance test (IVITT) was carried out on the
25th day of drug treatment period [25, 27]. All the rats were
fasted for 3 h before the IVITT.The animalswere anesthetized
by an i.p. injection of ketamine (70mg/kg) and received an
intravenous injection of short effect human insulin (0.1 U/kg)
in the tail veins. Thereafter, blood was collected from the
tail tip of the rats for glucose estimation at 0 (before insulin
injection), 4, 8, 12, and 16min of insulin treatment for
glucose estimation. The standard curve of blood glucose
concentration versus time was plotted. Insulin sensitivity was
measured by the glucose disappearance rate, evident from

average slope𝐾 in the fitting curve.The slope of blood glucose
disappearance was calculated by linear regression during the
period. The respective 𝐾-value (mg/dL/min) was calculated
by multiplying the slope by −1.

2.7.5. Analyses of Serum Samples. For estimation of different
biochemical parameters, blood was withdrawn from the
retroorbital plexus of the rats (fasted for 12 h) by sterilized
capillary tubes under light ether anesthesia on the final day
of drug treatment period. The blood was collected in a clean
test tube and allowed to coagulate for 30 minutes at room
temperature and then centrifuged at 3000 rpm for 15min.The
serum, used as specimen, should be free from hemolysis and
hence separated from the clot promptly [28]. The resulting
upper serum layer was collected in properly cleaned, dried,
and labeled Eppendorf tubes and was stored at 2–8∘C for
further analysis of different parameters, that is, lipid profile
and serum glutamate oxaloacetate transaminase (SGOT) and
serum glutamate pyruvate transaminase (SGPT) and serums
creatinine, urea, protein, superoxide dismutase (SOD), and
malondialdehyde (MDA) [29–32].

2.7.6. Collection of Different Organs. On 28th day of drug
treatment period, the animals of different groups were eutha-
nized by cervical dislocation process. The organs, the liver,
and pancreas were immediately dissected out and washed
in ice-cold saline solution to remove the blood. Extraneous
tissues were removed and then pancreas-to-body ratio [20]
and hepatic glycogen [33] were estimated.

2.8. Statistical Analysis. Differences among treatment group
means were assessed by one-way ANOVA (nonparametric),
followed by Bonferroni’s multiple comparison tests (Graph-
Pad Prism, 5.04 version), and group means were considered
to be significantly different at 5% level of significance, 𝑃 <
0.05. The values were expressed as mean ± SEM.

3. Results

3.1. Phytochemical Screening. The percentage yield (w/w)
of MESG was 9.7%. Phytochemical analysis revealed the
presence of alkaloids, carbohydrates, proteins, tannins and
phenolic compounds, flavonoids, triterpenoids, saponins,
steroids, and coumarins in the extract.

3.2. Body Weight, Abdominal Girth, and Food Intake. The
treated group animals exhibited significantly (𝑃 < 0.05)
higher mean body weight and abdominal girth compared
to the diet control group animals at the end of the fourth
week of diet manipulating period as well as during diabetes
induced period. It was found that the loss of body weight of
diabetic control group rats was faster compared toMESG and
metformin treated animals during drug treatment period.
The percentage reduction of body weight of diabetic control
and metformin treated animals was found to be 16% and
7.41%, respectively, on 28th day of drug treatment. Animals
treated with 200 and 400mg/kg of MESG had 6.07% and
4.87% reduction of body weight on the 14th day, respectively,
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and further gained the body weight by 2.76% and 3.25%
on 28th day of drug treatment period, respectively. The
metformin and MESG treatment significantly (𝑃 < 0.05)
reduced the abdominal girth during drug treatment period
in comparison to diabetic control group (Table 1).

The food intake was monitored periodically by weighing
the leftovers for each cage. The food intake was decreased in
animals of treated groups fed withHFD by 20–22% at the end
of diet manipulating period. Despite decrease in food intake
in treated group animals, the total caloric intakewas observed
to be more in comparison to the normal control group
animals. During the drug treatment period, the animals of
different groups (i.e., normal control and treated groups)
were fed normal laboratory diet. The food intake of diabetic
control group animals was more compared to the metformin
andMESG treated group animals. Treatment withMESG 200
and 400mg/kg restored the normal food intake (Table 1).

3.3. Fasting Serum Glucose Estimation. After 4 weeks of
dietary manipulation and injection of STZ (35mg/kg, i.p.),
significantly (𝑃 < 0.001) increased serum glucose concen-
tration (approximately 3 fold) in HFD-fed rats compared to
normal control rats. Blood glucose remained consistently ele-
vated in diabetic control rats throughout the drug treatment
period. Glucose concentration was reduced significantly
after oral administration of metformin by 42.88%, MESG
200mg/kg by 18.76% and MESG 400mg/kg by 27.49% on
28th day of drug treatment (Table 2).

3.4. Analysis of Urine Samples. All the diabetic animals had
significantly (𝑃 < 0.001) increased urine volume compared
to the normal control group at day 0 of drug treatment.
The metformin and MESG treatment significantly reduced
the urine volume on the 28th day of drug treatment. Urine
analysis on day 0 of drug treatment revealed the presence of
glucose in the urine of all animals, except group I animals. In
contrast, ketone bodies were absent in all animals. However,
on the 28th day, glucose and ketone bodies were absent in all
animals except group II animals (Table 2).

3.5. Measurement of Insulin Sensitivity. On IVITT, it was
found that glucose disappearance rate (𝐾-value) remained
lower in diabetic control rats compared to normal control
rats. The 𝐾-value of diabetic control group was found to
be 3.212 and that of normal control group was 5.337. There
was increase in𝐾-value in the metformin and MESG treated
groups.The𝐾-value ofmetformin treated groupwas found to
be 4.962; andMESG 200 and 400mg/kg treated animals were
found to be 3.862 and 4.108, respectively (Table 3, Figure 1).

3.6. Analysis of Serum Samples. Level of serum lipid was
significantly altered which increased the level of cholesterol,
triglycerides, low density lipoprotein (LDL), and very low
density lipoprotein (VLDL) and decreased the level of high
density lipoprotein (HDL) at the end of the drug treatment
period in diabetic control animals as compared to normal
control animals.The administration ofmetformin andMESG
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Figure 1: Blood glucose disappearance slope.

to diabetic rats restored the changes in the lipid level to near
normal (Table 4).

Serums SGOT and SGPT were significantly increased at
the end of drug treatment period in diabetic control animals
compared to normal control animals. Metformin treatment
significantly (𝑃 < 0.001) decreased SGOT level (27.88%) and
SGPT level (46.92%). The administration of MESG 200 and
400mg/kg also significantly (𝑃 < 0.001) decreased SGOT
(13.82% and 20.05%) and SGPT level (23.55% and 38.5%),
respectively (Table 4).

Serum creatinine and urea were found to be significantly
more during end of drug treatment period in diabetic control
animals as compared to normal control. Administration of
metformin significantly (𝑃 < 0.001) decreased 54.73% of
creatinine level and 44.79% of serum urea level. Administra-
tion of MESG 200 and 400mg/kg reduced creatinine level
by 24.92% and 41.94% and serum urea level by 18.72% and
29.15%, respectively (Table 4).

Total protein level was significantly decreased in diabetic
control animals (3.47mg/dL) compared to normal control
animals (6.72mg/dL).The animals treatmentwithmetformin
andMESG restored the decreased level of serum total protein
to near-normal level. Oral administration of metformin and
MESG 200mg/kg and 400mg/kg significantly increased the
protein level by 82.86, 45.56, and 69.90%, respectively, as
compared to diabetic control group (Table 4).

In diabetic control animals, serum SOD level (19.92U/
mL) was significantly decreased and serum MDA level
(14.28 nmole/mL) was significantly increased as compared to
normal control animals (31.73U/mL of serum SOD level and
6.23 nmole/mL of serumMDA level). Oral administration of
metformin remarkably increased (𝑃 < 0.001) serum SOD
level by 44.77% and decreased (𝑃 < 0.001) serum MDA
level by 46.32%. On administration of MESG 200mg/kg and
400mg/kg, the increase in serum SOD level was 29.46% and
36.4% and decrease in serum MDA level was 24.52% and
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Table 2: Effect of MESG on blood glucose level and urine analysis during different days of drug treatment period.

Parameters Different
days

Group I
Normal control

Group II
Diabetic control

Group III
Metformin treated

Group IV
200mg/kg

MESG treated

Group V
400mg/kg

MESG treated

Blood glucose
0 84.67 ± 3.52 239.17 ± 6.11a 237.50 ± 5.21 244.17 ± 6.64# 243.33 ± 4.91#

14 81.83 ± 2.95 223.33 ± 5.12a 162.83 ± 5.21∗∗∗ 201.17 ± 4.53∗ 182.67 ± 4.38∗∗∗#

28 83.33 ± 3.15 217.67 ± 5.47a 124.33 ± 4.81∗∗∗ 166.50 ± 4.32∗∗∗ 145.17 ± 4.51∗∗∗#

Urine volume (mL)
0 5.48 ± 0.25 8.32 ± 0.18a 8.23 ± 0.22 7.68 ± 0.20# 7.82 ± 0.19#

14 5.57 ± 0.22 8.17 ± 0.20a 6.02 ± 0.26∗∗∗ 6.67 ± 0.25∗∗# 6.42 ± 0.25∗∗∗#

28 5.28 ± 0.24 8.47 ± 0.21a 5.47 ± 0.27∗∗∗ 6.05 ± 0.26∗∗∗# 5.38 ± 0.29∗∗∗#

Presence of glucose
in urine

0 − + + + +

14 − + − − −

28 − + − − −

Presence of ketone
bodies in urine

0 − − − − −

14 − − − − −

28 − + − − −

The results were expressed as mean ± SEM, 𝑛 = 6.
a
𝑃 < 0.001; diabetic control versus normal control.
∗∗∗

𝑃 < 0.001, ∗∗𝑃 < 0.01, and ∗𝑃 < 0.05, metformin treated and MESG treated groups versus diabetic control group.
“#” indicates that there is no significant difference between metformin treated and MESG treated groups at 𝑃 < 0.05.
“+” indicates being present and “−” indicates being absent.

Table 3: 𝐾-values (mg/dL/min) of different groups.

Treatment groups Linear regression equation for the slope 𝐾-value (mg/dL/min)

Group I (normal control) 𝑦 = −5.337𝑥 + 118.7 5.337
𝑅
2

= 0.980

Group II (diabetic control) 𝑦 = −3.212𝑥 + 243.2 3.212
𝑅
2

= 0.985

Group III (metformin treated) 𝑦 = −4.962𝑥 + 136.9 4.962
𝑅
2

= 0.978

Group IV (MESG treated, 200mg/kg) 𝑦 = −3.862𝑥 + 184.5 3.862
𝑅
2

= 0.983

Group V (MESG treated, 400mg/kg) 𝑦 = −4.108𝑥 + 169.7 4.108
𝑅
2

= 0.984

38.06% (𝑃 < 0.001), respectively, as compared to diabetic
control group (Table 4).

3.7. Pancreas-to-Body Ratio. Pancreas-to-body weight ratio
(%) of diabetic control rats decreased significantly (0.14%)
when compared with that of the normal control rats (0.27%).
Pancreas-to-body weight ratio was significantly (𝑃 < 0.01)
increased in the metformin (0.25%) and MESG 200 and
400mg/kg (0.19% and 0.23%, resp.) treated animals (Table 5).

3.8. Hepatic Glycogen Measurement. Hepatic glycogen
level was reduced significantly in diabetic control animals
(6.03mg/dL) as compared to normal control animals
(14.61mg/dL). The diabetic animals treated with metformin
andMESG showed high concentration of hepatic glycogen as
compared to diabetic control group. The increase in hepatic
glycogen level was found to be 105.3, 65.5, and 89.85%

in metformin, MESG 200mg/kg, and MESG 400mg/kg
treatment groups, respectively, as compared to diabetic
control group (Table 5).

4. Discussion

Type 2 diabetes is chronic and progressive disease which may
be the consequence of impaired insulin secretion by 𝛽-cells
of pancreas, resistance of peripheral tissue to insulin action,
and augmented hepatic glucose production [34, 35]. Natural
remedies have been greatly explored for the management
of diabetes due to their low side effects as compared to
the conventional therapies. The present study elucidated the
antidiabetic efficacy of MESG by determining a number of
parameters of biological significance.

The body weight was measured as an indicator of growth,
and abdominal girth at the level of kidneys was measured as
an indicator of abdominal fat. Greater consumption of high
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Table 4: Effect of MESG on serum parameters during end of the drug treatment period.

Serum parameters Group I
Normal control

Group II
Diabetic control

Group III
Metformin treated

Group IV
200mg/kg

MESG treated

Group V
400mg/kg

MESG treated
Total cholesterol 59.33 ± 4.03 166.50 ± 5.01a 82.67 ± 4.57∗∗∗ 122.17 ± 5.53∗∗∗ 102.17 ± 4.83∗∗∗#

Triglycerides 53.83 ± 3.93 147.67 ± 5.16a 71.50 ± 3.55∗∗∗ 114.83 ± 3.10∗∗∗ 88.83 ± 3.74∗∗∗#

HDL 29.17 ± 1.66 16.50 ± 1.63a 27.67 ± 2.11∗∗ 22.17 ± 1.85 24.33 ± 2.20∗

LDL 19.40 ± 4.07 120.47 ± 7.02a 40.70 ± 4.91∗∗∗ 77.03 ± 6.29∗∗∗ 60.07 ± 4.33∗∗∗#

VLDL 10.77 ± 0.79 29.53 ± 1.03a 14.30 ± 0.71∗∗∗ 22.97 ± 0.62∗∗∗ 17.77 ± 0.75∗∗∗#

SGOT (U/L) 41.17 ± 1.30 72.33 ± 2.51a 52.17 ± 1.87∗∗∗ 62.33 ± 2.17∗ 57.83 ± 2.61∗∗∗#

SGPT (U/L) 38.83 ± 2.65 89.17 ± 2.69a 47.33 ± 2.94∗∗∗ 68.17 ± 3.71∗∗∗ 54.83 ± 3.21∗∗∗#

Creatinine (mg/dL) 0.54 ± 0.06 1.50 ± 0.07a 0.68 ± 0.05∗∗∗ 1.13 ± 0.08∗∗ 0.87 ± 0.07∗∗∗#

Serum urea (mg/dL) 33.17 ± 2.09 70.33 ± 3.39a 38.83 ± 3.10∗∗∗ 57.17 ± 3.56∗ 49.83 ± 3.74∗∗#

Serum protein (gm/dL) 6.72 ± 0.32 3.47 ± 0.30a 6.35 ± 0.37∗∗∗ 5.05 ± 0.37∗# 5.90 ± 0.33∗∗∗#

Serum SOD (U/mL) 31.73 ± 1.18 19.92 ± 1.26a 28.83 ± 1.10∗∗∗ 25.78 ± 1.24∗# 27.17 ± 1.31∗∗#

SerumMDA (nmole/mL) 6.23 ± 0.62 14.28 ± 1.04a 7.67 ± 0.85∗∗∗ 10.78 ± 0.70∗# 8.85 ± 0.76∗∗#

The results were expressed as mean ± SEM, 𝑛 = 6.
a
𝑃 < 0.001; diabetic control versus normal control.
∗∗∗

𝑃 < 0.001, ∗∗𝑃 < 0.01, and ∗𝑃 < 0.05, metformin treated and MESG treated groups versus diabetic control group.
“#” indicates that there is no significant difference between metformin treated and MESG treated groups at 𝑃 < 0.05.

Table 5: Pancreas-to-body weight ratio and hepatic glycogen
content of different treatment groups.

Treatment group
Pancreas-to-
body weight
ratio (%)

Hepatic glycogen
(mg/gm)

Group I
Normal control 0.27 ± 0.02 14.61 ± 0.79

Group II
Diabetic control 0.14 ± 0.04a 6.03 ± 0.72a

Group III
Metformin treated 0.25 ± 0.03∗∗ 12.38 ± 0.73∗∗∗

Group IV
200mg/kg MESG treated 0.19 ± 0.01# 9.98 ± 0.72∗#

Group V
400mg/kg MESG treated 0.23 ± 0.02∗# 11.45 ± 0.87∗∗∗#

The results were expressed as mean ± SEM, 𝑛 = 6.
a
𝑃 < 0.001; diabetic control versus normal control.
∗∗∗

𝑃 < 0.001, ∗∗𝑃 < 0.01, and ∗𝑃 < 0.05, metformin treated and MESG
treated groups versus diabetic control group.
“#” indicates that there is no significant difference between metformin
treated and MESG treated groups at 𝑃 < 0.05.

energy content foods such as HFD leads to an increase in
the fat mass (adiposity) and fat cell enlargement (hypertro-
phy), producing the characteristic pathology of obesity [36].
Adipose tissue plays a major role in regulating whole body
insulin resistance. The increase in the prevalence of obesity
has been accompanied by a parallel increase in the prevalence
of T2DM [29].The body weight of diabetic control group was
decreased faster during the treatment period in our study.The
characteristic loss of body weight is caused due to an increase
muscle wasting in diabetes. Metformin treatment reduced
the body weight, but slowly during the drug treatment
period as compared to diabetic control animals. MESG 200
and 400mg/kg reduced the body weight (slower than other
groups) during 14th day of drug treatment period and then

animals gained the body weight during 28th day.Themecha-
nism of this extract may be similar to that of sulfonylureas,
because treatment with sulfonylureas is associated with
weight gain [37]. This data confirms our previous findings;
that is, MESG treatment decreases the serum glucose level,
as that of sulfonylurea, in glucose loaded hyperglycemic rats
and hypoglycemic activity in normal rats [38].

Due to decreased sensitivity of insulin receptors in
T2DM, insulin catabolism of protein and fats occurs resulting
in removal of gluconeogenic amino acid from the liver, which
results in negative energy balance which in turn leads to
increasing appetite, that is, polyphagia [39]. In the present
study, food intake of diabetic control group was increased
during drug treatment period. Metformin and MESG treat-
ment significantly restored the food intake to normal level.
Hyperglycemia has an important role in the pathogenesis
of long-term complications during diabetes. Oral adminis-
tration of metformin and MESG has significantly reduced
glucose concentration.

In T2DM, because of insulin deficiency, glucose assimi-
lation in the muscle and liver is greatly reduced and also the
stores of glycogen are depleted by increased glycogenolysis.
This causes glycosuria and induces osmosis, thus resulting
in polyuria [39]. During drug treatment period, diabetic
control animals had significantly (𝑃 < 0.001) higher mean
urine volume compared to the normal control groups, but
metformin and MESG treatment significantly reduced the
urine volume.

Insulin deficiency also stimulates the release of epi-
nephrine that enhances the release of glucagons. This
disturbed insulin-to-glucagon ratio stimulates lipoprotein
lipase, with the resultant breakdown of adipose stores and an
increase in the levels of free fatty acids (FFA). FFA reaches
the liver and gets esterified to fatty acyl CoA. Oxidation
of this fatty acyl CoA within the mitochondria produces
ketone bodies such as acetoacetic acid and 𝛽-hydroxybutyric
acid. Rate of formation of these ketone bodies exceeds



8 Scientifica

their utilization in peripheral tissues causing ketonemia and
ketonuria [39]. On day 0 of drug treatment period, glucose
was found in the urine of all diabetic rats and the ketone
bodies were absent in all rats. At the end of drug treatment
period, the glucose and ketone bodies were found in the
urine of diabetic control group rats while being absent in
metformin and MESG treated animals.
𝐾-values were measured by the glucose disappearance

rate, evident from average slope 𝐾 in the fitting curve, and
are used to describe excess of insulin sensitivity. Higher
𝐾-value suggests faster serum glucose disappearance and
higher insulin sensitivity after injecting exogenous insulin.
Hence, this model with the involvement of both insulin
resistance and obvious 𝛽-cell dysfunction in the development
of diabetes could be suitable for studying the pathophysiology
of type 2 diabetes aswell as for testing new compounds, which
act through ameliorating insulin resistance and/or by increas-
ing 𝛽-cell insulin secretion [27]. The frank hyperglycemia in
the presence of comparable amount of plasma insulin con-
centrations together with reduced𝐾-value indicated the per-
sistence of insulin resistance inHFD-fed and STZ treated dia-
betic control rats. Our study showed a significant increase in
𝐾-value in the metformin and MESG treated group animals.

Under normal circumstances, insulin activates the
enzyme lipoprotein lipase, which hydrolyses triglycerides.
However, in diabetic state, lipoprotein lipase is not activated
due to insulin deficiency, resulting in hypertriglyceridemia
and hypercholesterolemia (also due to metabolic abnor-
malities) [29]. Serum lipid level was significantly altered
in diabetic control animals as compared to normal control
animals during end of the drug treatment period, whereas
administration ofmetformin andMESG restored the changes
to near normal.

Elevated levels of SGOT and SGPT are found in different
disease conditions including diabetic state [25] and serve
as the pathophysiological markers. In our study the serum
SGOT and SGPT levels were significantly high in diabetic
control animals as compared to normal control animals
during the end of drug treatment period. The administra-
tion of metformin and MESG significantly decreased the
increased enzyme levels. The improvements in the levels of
liver enzymes in the diabetic animals could be beneficial in
preventing diabetic complications, as well as improving lipid
and protein metabolism in diabetic liver.

In diabetes mellitus, the amino acid breakdown in the
liver results in an increased production of urea and crea-
tinine. In diabetic state, there is increased metabolism of
proteins and amino acids and this leads to decrease in serum
protein level [30]. Serum creatinine and urea levels were
increased significantly and serum protein level was signifi-
cantly decreased in diabetic control animals compared to nor-
mal control animals. The treatment of metformin andMESG
significantly decreased the serum creatinine and urea level
and increased the serum protein level to near-normal levels.

The SOD is an important defense enzyme which neutral-
izes the effect of superoxide anion during the oxidative stress
in the tissues. Oxidative stress generally causes damage to
the membrane polyunsaturated fatty acids (PUFA) leading to
generation of malondialdehyde (MDA), a thiobarbituric acid

reacting substance (TBARS). Several studies have indicated
an increase in serum TBARS and a decrease in plasma
SODactivity signifying an imbalance between the prooxidant
and antioxidant states in the body, leading to an imbalance
in systemic redox status [40]. In the present study, we
found significant decrease in serum SOD and elevated MDA
content activity in diabetic control animals as compared to
normal control animals, signifying an imbalance between
the prooxidant and antioxidant states.The animals treatment
with metformin andMESG significantly increased the serum
SOD level, decreasing level of serumMDA and balancing the
prooxidant and antioxidant states in the body.

Pancreas-to-body weight ratio of diabetic control rats
decreased significantly when compared with normal control
rats. Administration of metformin and MESG to diabetic
rats significantly increased the pancreas-to-bodyweight ratio.
This indicates the protective activity of the extract on the
pancreas.

Glycogen synthesis in the liver and skeletal muscle is
impaired in diabetes [33]. The administration of metformin
and MESG significantly increased the decreased hepatic
glycogen level in the diabetic animals.The significant increase
in the glycogen levels in treated groups may be attributed to
the reactivation of the glycogen synthesis system.

The results of the present work provide evidence that
MESGcan alleviate hyperglycemia, hyperlipemia, and insulin
resistance in high fat diet and low dose STZ induced type
2 diabetic rats. MESG exhibited antidiabetic potential in a
dose dependent manner, judged by its ability to fully restore
the raised blood glucose levels and other parameters in the
treated diabetic rats to the normal values by its faster effects.
The phytochemical study showed that the extract contains
phytochemicals like alkaloids, phenolics, tannins, flavonoids,
triterpenoids, and sterols. Our earlier study revealed the
total phenolic and flavonoid content and in vitro antioxidant
potential of MESG [13] which may be responsible for potent
hypoglycemic and hypolipidemic properties.

The MESG exerts its hypoglycemic actions through its
active phytoconstituents which may be due to either stimu-
lating the release of insulin from the 𝛽-cells of the pancreas
of normal and mildly diabetic animals (pancreatic mecha-
nism) or insulin-mimetic effects, for example, stimulation
of cellular processes that consume glucose (extrapancreatic
mechanism), or both. On the basis of the outcomes of the
present study, it is concluded that Sesbania grandiflora has
potential antidiabetic activities and the result scientifically
justifies their use in the folklore remedies. However, further
studies are required to identify the bioactive compounds
responsible for the antidiabetic property of the plant species.
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