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ABSTRACT

Naturaceutical antioxidants in the diet have antidiabetic potential and prevent oxidative damage associated with diabetic pathogenesis. The present
study explores the beneficial effects of Butea monosperma (BM) flower extract on high fat diet (HFD) and streptozotocin (STZ)-induced diabetes in
rats. Diabetes was induced by feeding HFD for 2 weeks followed by a single injection of STZ (40 mg/kg body weight, intraperitoneally). BM was
given orally at a dose of 300 mg/kg for 4 weeks after diabetes induction. At the end of experiment blood was drawn and their pancreas tissues were
dissected. The level of fasting blood glucose (FBG), glycated hemoglobin (HbA1c), total cholesterol (TC), triglycerides (TG), free fatty acids (FFAs),
low density lipoprotein-cholesterol (LDL-C) and very low density lipoprotein-cholesterol (VLDL-C) increased while insulin and high density
lipoprotein cholesterol (HDL-C) level decreased in HFD/STZ group, which were augmented by BM. Moreover, BM significantly decreased levels of
thiobarbituric reactive substances (TBARS) and protein carbonyl (PC), and increased level of glutathione (GSH) and antioxidant enzymes
[glutathione-s-transferase (GST) and catalase (CAT)] in the pancreas of HFD/STZ group. These results were supplemented by histopathological
examination in pancreas. Our study reveals that BM, as a powerful antioxidant, prevents diabetic complications and oxidative damage in non-

genetic rat model of type 2 diabetes.
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INTRODUCTION

Oxidative stress is often defined as an imbalance between reactive
oxygen species (ROS) and their removal by antioxidants. This
imbalance may originate from an over production of ROS or from a
reduction in antioxidant defenses!. Endogenous antioxidant systems
of our body uses reduced glutathione (GSH) and antioxidant
enzymes to combat oxidative damage. Over production of ROS can
damage all types of molecules including proteins, lipid,
carbohydrates and nucleic acids, leading to the common final
pathway of cell death?2. Increasing evidence suggests that oxidative
stress is a prominent and early feature in the pathogenesis of
diabetes mellitus (DM) due to persistent hyperglycemia3. DM,
especially Type 2 diabetes mellitus (T2DM) or non-insulin
dependent (NIDDM) is the most common form of diabetes. It is
associated with a variety of conditions and characterized by
hyperglycemia resulting from a defect in insulin secretion or
function, or both* It affects millions of people and has become a
major medical and social problem worldwide. Despite the role of
genetic predisposition, aging, obesity and dietetic/sedentary life
style are major risk factors involved in the development of T2DM. It
is often associated with a variety of metabolic and physiologic
complications including elevated blood pressure, cardiovascular
disease, dyslipidemia (high triglyceride levels and low levels of high-
density lipoproteins) and high cholesterol level5. While the
management of diabetes includes diet, exercise, oral hypoglycemic
agents and insulin, these do not effectively prevent its associated
complicationsé. In modern medicine, there is still no satisfactory
effective therapy available to cure diabetes. A safe and effective
therapeutic drug that can not only provide symptomatic relief but
also can block or reduce the many harmful effects of diabetes-
including hyperglycemia, polyuria, polydipsia and weight loss, is
urgently needed. Many indigenous medicinal plants have been
shown a significant therapeutic influence on the management of
diabetes’. Butea monosperma (BM) Lam. (family; Fabaceae)
commonly called the Palash, is a well-known traditionally used
medicinal plant and possesses a number of pharmacotherapeutic
effects including antihepatotoxic, antifungal, estrogenic, anti-
inflammatory, antistess and anticonceptive®. Most studies of BM as a
hypoglycemic and hypolipidemic agent have been done with alloxan
model of type 1 diabetes®!l. Recently, Bavarva and
Narasimhacharya?2 showed the  antihyperglycemic  and

antihyperlipidemic effects of BM in neonatal rat model of T2DM.
Despite these pharmacotherapeutic properties of BM, the effects of
BM on high fat diet (HFD) and streptozotocin (STZ)-induced
diabetes have not been explored previously. HFD/STZ in rats
provided a non-genetic model for T2DM, characterized by obesity,
insulin resistance, dyslipidemia, diabetes-related alterations and
eventually atherosclerotic cardiovascular disease along with
oxidative stress'3. This is particularly relevant clinically since the
majority of human diabetic victims suffer from T2DM.
In the present study, we evaluated the beneficial effects of BM on
hyperglycemia, hyperlipidemia and oxidative damage in pancreas of
HFD/STZ rats. Our results support the efficacy of BM in reducing
glucose level and improving diabetic complications in non-genetic
rat model of T2DM.

MATERIALS AND METHODS
Chemicals and reagents

Trichloroacetic acid (TCA), Glutathione reduced (GSH), 5, 5’-
dithiobis-(2-nitrobenzoic acid) (DTNB), thiobarbituric acid (TBA),
ethylene diamine tetra acetic acid (EDTA) and 2, 4-
dinitrophenyhydrazine (DNPH), streptozotocin (STZ) were
purchased from Sigma-Aldrich, Chemicals Pvt. Ltd., India. All other
chemicals and solvents used were of analytical grade available
commercially.

Animals

Male Wistar rats weighing 160-200g were used in the study. They were
kept in the Central Animal House of Jamia Hamdard (Hamdard
University) in colony cages at an ambient temperature of 25 + 2°C and
relative humidity of 45-55% with 12 h light/dark cycles. They had free
access to standard rodent pelleted diet (Hindustan Lever Ltd., Bombay,
India) and water ad libitum, prior to the dietary manipulation. All
procedures using animals were reviewed and approved by the
Institutional Animal Ethical Committee that is fully accredited by the
Committee for Purpose of Control and Supervision on Experiments on
Animals (173/CPCSEA, 28t Jan 2000) Chennai, India.

Plant material

Butea monosperma Lam., belonging to the family Fabaceae, holds a
reputed position in both Ayurvedic and Unani systems of medicine.
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The B. monosperma flowers were procured from Saiba industries,
Mumbai, INDIA.

Preparation of the active phytochemical constituents of Butea
monosperma

The powdered flower material was extracted exhaustively in a
Soxhlet apparatus. Briefly, 500 g dried powdered plant material was
Soxlet extracted with methanol for 20 h. The extract was filtered and
then solvent was removed under reduced pressure in rotatory
evaporator, to obtain reddish orange powder (yield 25%). The dried
extract was dissolved in normal saline and used for experimental
work. A phytochemical screening'* of the powder revealed the
presence of flavonoids, phytosterols, glycosides, saponins, phenolics
compounds and fat. Tests for tannins, alkaloids and proteins were
negative.

Experimental design and development of HFD/STZ model of
type 2 diabetes

Thirty two rats were divided into four groups of eight animals each:
group I (control group) rats were fed standard diet (12% calories as
fat) throughout the experiment; group II (control + BM) rats were
fed standard diet throughout the experiment and given BM (300
mg/kg body weight (wt)., orally; in saline) for 4 weeks; group III
(HFD/STZ group) rats were fed HFD (40% fat as a percentage of
total kcal) for 2 weeks!3 and then injected with STZ (40 mg/kg body
wt); intraperitoneally (IP); in citrate buffer; pH 4.5); group IV
(HFD/STZ + BM) rats were fed HFD for 2 weeks and then injected
with STZ and then supplemented with BM (300 mg/kg body wt.,
orally ) for 4 weeks. The development of hyperglycemia in rats was
confirmed by fasting blood glucose (FBG) estimation after 6 days of
STZ injection. The animals that maintained FBG higher than 140
mg/dl were considered diabetic and selected for studies. The BM
treatment was started after diabetic confirmation and dose was
determined from previous studies10 12,

Oral glucose tolerance test (OGTT)

Two days before termination of experiment, the OGTT was
performed to assess the glucose tolerance. For this purpose,
overnight fasted rats were fed orally 2 gm/kg body wt glucose.
Blood was collected at 0, 30, 60 and 120 min intervals from orbital
sinus for glucose estimation. Animals were not anesthetized for this
procedure.

Tissue preparation

At the end of experiment, rats were anesthetized by ether inhalation
and blood was collected from the dorsal aorta. Approximately 0.2 ml
of whole blood was taken in EDTA containing microtubes from the
total blood of each animal and immediately preserved in the
refrigerator for subsequent analysis of glycated hemoglobin
(HbA1c). Serum was separated by centrifugation at 1200 x g for 10
min and stored at - 80°C before analysis. Rats were then sacrificed
and their pancreas were excised immediately and perfused with ice-
cold saline. For biochemical estimations, pancreas tissues were
homogenized at 4°C with 10 times (w/v) 0.1 M phosphate-buffer
(pH 7.4) containing protease inhibitors in a polytron homogenizer
(Kinematica A.G.). The homogenate was centrifuged at 800 x g for 5
min at 4°C to separate the nuclear debris and was used for
estimation of thiobarbituric reactive substances (TBARS). The
supernatant was further centrifuged at 10,000 x g for 20 min at 4°C
to get the post-mitochondrial supernatant (PMS), which was used
for various biochemical assays.

Analytical procedures
Measurement of FBG

Fasting blood glucose was measured by glucose oxidase method
using a commercial diagnostic kit from Span diagnostic Ltd. Surat,
India.

Determination of HbA1c level

HbA1lc was assayed by cation-exchange method using a diagnostic
kit from Crest Biosystem, Goa, India.
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Determination of serum insulin content

Serum insulin content was determined by ELISA kit using rat insulin
as standard (Ultra sensitive Rat Insulin ELISA kit, Crystal Chem INC.
USA) and was expressed as ng/ml.

Assay for lipid profile

Lipid Profile (total-cholesterol (TC), triglycerides (TG), and high
density lipoprotein cholesterol (HDL-C)) were estimated by using
enzymatic kits procured from SPAN Diagnostics Ltd. Surat, India.
Low density lipoprotein cholesterol (LDL-C) and very low density
lipoprotein cholesterol (VLDL-C) were calculated by using
Friedewald’s equation.

Free fatty acids (FFAs) determination

The method of Falhot et al.,*> was used for FFAs determination. 50pl
serum was added with 1.0 ml phosphate buffer and 6.0 ml
chloroform-heptane-methanol (CHM) solution in a test tube. This
was shaken vigorously for go set, left to stand for 15 min and then
centrifuged (4000 x g, 10 min). The buffer was removed carefully by
suction and 5.0 ml of the CHM phase was shaken with 2.0 ml Cu-TEA
in 5 min on a Vortex mixer. After centrifugation (4000 x g, 5 min) 3.0
ml of the upper phase was transferred to a test tube containing 0.5
ml DPC solution and mixed carefully. Absorbance was taken after 15
min at 550 nm.

Oxidative damage parameters in pancreas
Assay for TBARS content

The method of Utley et al,’¢ with some modification was used to
estimate the rate of LPO. Homogenate (0.25 ml) was pipetted into
15x100 mm test tubes and incubated at 37°C in a metabolic shaker
for 1 h. An equal volume of homogenate was pipetted into a
centrifuge tube, placed at 0°C and marked at 0 h incubation. After 1
h of incubation, 0.5 ml of 5% (w/v) chilled trichloroacetic acid
(TCA), followed by 0.5 ml of 0.67% TBA (w/v) was added to each
test tube and centrifuge tube, and centrifuged at 1000 x g for 15 min.
Thereafter, the supernatant was transferred to other test tubes and
was placed in a boiling water bath for 10 min. The absorbance of
pink color produced was measured at 535 nm in a
spectrophotometer (Shimadzu-1601, Japan). The TBARS content
was calculated by using a molar extinction coefficient of 1.56 x 105
M-1 cm-! and expressed as nmol of TBARS formed min-! mg! of
protein.

Assay for protein carbonyl (PC)

PC level was measured by the method of Levine et al,'”. The PMS
(0.5 ml) was treated with an equal volume of 20% TCA for protein
precipitation. After centrifugation, the pellet was resuspended in 0.5
ml of 10 mM DNPH in 2 M HCI and vortexed repeatedly at 10 min
intervals for 1 h in dark. This mixture was treated with 0.5 ml of
20% TCA. After centrifugation at 10, 000 x g at 4°C for 3 min, the
precipitate was extracted three times with 0.5 ml of 10% TCA and
dissolved in 2.0 ml of NaOH at 37°C. Absorbance was recorded at
360 nm in a spectrophotometer (Shimadzu-1601, Japan). PC level
was expressed as nmol carbonyl mg-! protein, using a molar
extinction coefficient of 22 x 10¢* M- cm-1.

Assay for GSH

GSH content was determined by the method of Jollow et al., '8 with
slight modification. PMS was mixed with 4.0% sulfosalisylic acid
(w/v) in a 1:1 ratio (v/v). The samples were incubated at 4°C for 1 h,
and later centrifuged at 1200 x g for 15 min at 4°C. The assay
mixture contained 0.1 ml of supernatant, 1.0 mM DTNB, and 0.1M PB
(pH 7.4) in a total volume of 1.0 ml. The yellow color that developed
was read immediately at 412 nm in a spectrophotometer
(Shimadzu-1601, Japan). The GSH content was calculated as nmol
GSH mg-! of protein, using a molar extinction coefficient of 13.6 x103
M-t cm-L.

Assay for glutathione-s-transferase (GST)

The activity of GST was measured by the method of Habig et al.,*°.
The reaction mixture consisted of 1.0 mM GSH, 1.0 mM 1-chloro-2,4-
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dinitrobenzene (CDNB), 0.1 M phosphate buffer (pH 7.4) and 0.1 ml
of PMS in a total volume of 3.0 ml. The change in absorbance was
recorded at 340 nm by using Shimadzu spectrophotometer UV-1601
and enzyme activity was calculated as nmol of CDNB conjugate
formed min-! mg-! protein using molar extinction coefficient of 9.6 x
103 M-1cm L.

Assay for catalase (CAT)

CAT activity was assayed by the method of Claiborne2?. Briefly, the
assay mixture consisted of 0.05 M phosphate buffer (pH 7.0), 0.019
M hydrogen peroxide (H202), and 0.05 ml PMS in a total volume of
3.0 ml. Changes in absorbance were recorded at 240 nm. Catalase
activity was expressed as nmol H202 consumed min-! mg-! protein.

Protein content

Protein content was determined by the method of Lowry et al.2!
using bovine serum albumin (BSA) as a standard.

Histological examinations

For histological examinations, pancreas from different groups was
stained with hematoxylin and eosin (H and E). Briefly, at the end of
experiment, the rats were anesthetized with ether and perfused
transcardially with saline. Pancreas were removed quickly and
postfixed in buffered formalin (10%) for 24 h. After completion of
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fixation, slices (3-4 mm) of these tissues were dehydrated and
embedded in paraffin. At least four cross-sections were taken from
each tissue in 5-um thickness and stained with H and E. Following
two changes xylene washes of 2 min each tissue sections were
mounted with DPX mountant. The slides were observed for
histopathological changes and microphotographs were taken using
an Olympus BX50 microscope system (Olympus, Japan).

Statistical analysis

Results are expressed as mean * S.E.M. (n = 8). Statistical analysis of
the data was obtained via analysis of variance (ANOVA), followed by
Tukey’s test. p < 0.05 was considered as statistical significant.

RESULTS

Effect of BM on OGTT in the HFD/STZ-induced rat model of
diabetes

Blood glucose levels of the controls, the HFD/STZ group and the
HFD/STZ + BM groups at different time points (0, 30, 60 and 120
min) after oral administration of glucose (2 gm/kg) shown in Figure
1. In the HFD/STZ group, the peak increase in blood glucose level
was observed after 60 min and remained high over next 60 min. BM
treatment in the HFD/STZ + BM group showed significant (p < 0.05)
decrease in blood glucose level at 60 and 120 min when compared
to the HFD/STZ group.

—-B-HFD/STZ -C-HFD/STZ+BM

0 30

Minute

60 120

Fig. 1: Effect of BM supplementation on oral glucose tolerance. Values are expressed as mean # S.E.M. (n = 8). (2p < 0.05 HFD/STZ vs.
control group; p < 0.05 HFD/STZ + BM vs. HFD/STZ group).

Effect of BM on FBG level in the HFD/STZ-induced rat model of
diabetes

A significant (p < 0.05) increase in blood glucose level was observed
in the HFD/STZ group compared to the control (Table 1).
Administration of BM significantly (p < 0.05) reduced blood glucose
level in the HFD/STZ + BM group compared to the HFD/STZ. Only
BM treatment did not show any significant change in the blood
glucose level compared to the control rats. The four-week treatment
with BM resulted in significant hypoglycemic effect in the HFD/STZ
group.

Effect of BM on HbAlc in the HFD/STZ-induced rat model of
diabetes

A significant (p < 0.05) increase in HbAlc level was observed in the
HFD/STZ group when compared to the control rats (Table 1). BM
treatment in the HFD/STZ + BM group significantly (P < 0.05)
decreased the HbAlc level. There was no significant change in
HbA1lc level in BM treatment in the control + BM-treated rats when
compared to control rats.

Effect of BM treatment on insulin in the HFD/STZ-induced rat
model of diabetes

Significant (p < 0.05) decrease in insulin level was observed in the
HFD/STZ group compared to the control rats (Table 1).
Administration of BM in the HFD/STZ + BM group increased insulin
level significantly (p < 0.05) when compared to the HFD/STZ group.
Only BM treatment did not show any significant change in insulin
level when compared to the control rats.

Effect of BM on lipid profile and FFAs in the HFD/STZ-induced
rat model of diabetes

The HFD/STZ group showed a significant (p < 0.05) increment in
serum TC, TG, FFAs, LDL-C, VLDL-C levels while a significant (p <
0.05) decrement in serum HDL-C level compared to the control
group (Table 2). Treatment of BM in the HFD/STZ + BM group
significantly (p < 0.05) restored all the changes in lipid profile and
FFAs compared to the HFD/STZ group. BM treatment did not show
any significant changes in lipid profile in the control + BM group
compared to the control.
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Table 1: Effect of BM supplementation on FBG, HbA1c and insulin

Groups/Parameters Control (C) C+BM HFD/STZ HFD/STZ + BM
FBG (mg/dl) 106.37+4.5 108.47+4.3 332.80+5.42 217.85+5.1b
(+1.97%) (+212.87%) (- 52.76%)
HbAlc (%) 5.47+0.07 5.620.07 10.94 £0.082 8.97 £0.03>
(+2.74%) (+100%) (- 18.00%)
Insulin (ng/ml) 3.8+0.15 3.7+0.14 0.59+0.052 1.9+0.08°
(- 2.63%) (- 84.47%) (+222.03%)

Values are expressed as mean * S.E.M. (n=8). (p < 0.05 HFDSTZ vs. control group, ®p < 0.05 HFD/STZ vs. HFD/STZ + BM group). Values in
parentheses indicate percentage increase (+) or decrease (-) as compared with the control or HFD/STZ group.

Table 2: Effect of BM supplementation on serum lipid profile and FFAs

Parameters/groups Control (C) C+BM HFD/STZ HFD/STZ + BM
TC (mg/dl) 130.12+1.13 132.33%1.2 278.92+2.342 151.64+2.12b
(+1.6%) (+114.35%) (- 45.63%)
TG (mg/dl) 105.27+£1.37 106.95 +1.35 203.43+1.822 149.56+1.23b
(+ 1.59%) (+93.23%) (- 26.48%)
HDL-C (mg/dl) 49.36+0.91 48.38+0.88 22.88+0.482 29.88 +.60b
(- 1.98%) (-53.64%) (+30.59%)
LDL-C (mg/dl) 59.70+0.72 62.54+0.98 215.35+1.642 91.84+1.10°
(+4.76%) (+260.71%) (-57.35%)
VLDL-C (mg/dl) 21.05 0.7 21.39 0.8 40.68+0.562 29.912+0.40>
(+ 1.61%) (+93.28%) (- 26.48%)
FFA (mmol/1) 2.2+0.1 2.1£0.2 3.9+0.32 2.8+0.2b
(- 4.54%) (+77.27%) (-30.76%)

Values are expressed as mean * S.E.M. (P < 0.05 HFD vs. control group, P < 0.05 HFD/STZ vs. HFD/STZ + BM group). Values in parentheses indicate

percentage increase (+) or decrease (-) as compared with the control or HFD/STZ group.

Effect on oxidative damage in the pancreas

Effect of BM on TBARS contents in the HFD/STZ-induced rat
model of diabetes

Effect of BM on TBARS contents was measured to demonstrate the
end products and rate of LPO in the pancreas of the HFD/STZ group.
There were no significant changes in TBARS contents in control +
BM treated group compared with control group. This parameter was
significantly (p < 0.05) increased in the HFD/STZ group compared
with the control group. Levels of TBARS in the HFD/STZ group
decreased significantly (p < 0.05) with BM supplementation in the
HFD/STZ + BM group (Figure 2. A).

Effect of BM on PC in the HFD/STZ-induced rat model of
diabetes

PC content did not change by BM supplementation in the control +
BM group compared with the control group. PC content was
significantly (p < 0.05) increased in the HFD/STZ group compared
with the control alone. BM supplementation significantly (p < 0.05)
attenuated PC content in the HFD/STZ + BM group compared with
the HFD/STZ group alone (Figure 2. B).

Effect of BM on GSH in the HFD/STZ-induced rat model of
diabetes

Level of GSH did not affect by BM supplementation in the control +
BM treated group compared with the control group. However, a

significant (p < 0.05) depletion in GSH was observed in the HFD/STZ
group compared with the control group. BM supplementation
significantly (p < 0.05) augmented GSH level in the HFD/STZ + BM
group compared with the HFD/STZ group (Figure 3).

Effect of BM on GST and CAT activity in the HFD/STZ-induced
rat model of diabetes

The activity of GST and CAT in the control + BM group was
attenuated but the elevation was not significant when compared to
the control group. On the other hand, the activity of GST and CAT
was depleted significantly (p < 0.05) in the HFD/STZ group when
compared to the control group. The BM has restored the activity of
these enzymes in the HFD/STZ + BM group significantly (p < 0.05) as
compared to the HFD/STZ group (Figure 4).

Effect of BM on histopathological changes in the HFD/STZ-
induced rat model of diabetes

The histological examination of the H and E-stained control
pancreatic sections showed normal architecture of islet cells (Figure
5). Pancreatic section of HFD/STZ- induced diabetic group showed
vacuolization and lymphocytic infiltration into the degenerated islet
cells and dilated sinusoidal spaces. The severity of degenerative
changes was lessened by BM supplementation in the HFD/STZ + BM
group compared to the HFD/STZ group. BM supplementation did
not show any remarkable effects in the group treated with BM alone
compared to the vehicle control group (data not shown).
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Fig. 2: (A). Effect of BM supplementation on TBARS contents; (B) Effect of BM supplementation on PC content

Values are expressed as mean * S.E.M. (n = 8). (3p < 0.05 HFD/STZ vs. control group, bp < 0.05 HFD/STZ + BM vs. HFD/STZ group). Values are
expressed as mean * S.E.M. (n = 8). (3p < 0.05 HFD/STZ vs. control group, bp < 0.05 HFD/STZ + BM vs. HFD/STZ group).
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Fig. 3: Effect of BM supplementation on GSH level.
Values are expressed as mean * S.E.M. (n = 8). (3p < 0.05 HFD/STZ vs. control group, bp < 0.05 HFD/STZ + BM vs. HFD/STZ group)
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Fig. 4: Effect of BM supplementation on GST and CAT activity
Values are expressed as mean * S.E.M. (n = 8). (3p < 0.05 HFD/STZ vs. control group, *p < 0.05 HFD/STZ + BM vs. HFD/STZ group).

Fig. 5: Effect of BM supplementation on H and E staining in pancreas sections of control and experimental groups.

Photograph from the control group at low power -100 x. showing normal appearance of pancreatic tissue with a single islet of langerhans seen in
the centre. The islet size is also within the normal range of 200 to 400 microns, at high power-400 x. showing details of cells in the islet. HFD/STZ
group at low power- 100 x. showing changes in islet of langerhans. The exocrine tissue is within normal limits, at high power-400 x. degenerated
islet cells with vacuolization is seen. There is also significant lymphocytic infiltration into the islet and the sinusoidal spaces are dilated. BM
supplementation in the HFD/STZ + BM group at low power-100 x. showing pancreatic tissue with a small sized islet of langerhans, at high power-
400x. showing the islet cells appear normal.
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DISCUSSION

In the present study we demonstrated that HFD/STZ in rats causes
hyperglycemia, hyperlipidemia accompanied by the presence of
oxidative damage in the pancreas. Moreover, treatment with BM, by
virtue of its antioxidant potential significantly ameliorated
HFD/STZ-induced alterations and also morphological changes in rat
pancreas. The beneficial effects of BM possess a vast ethnomedical
history and represent a phytochemical reservoir of heuristic
therapeutic value® and exhibit hypoglycemic and high antioxidant
potential®-12.22,

Preliminary phytochemical screening of the BM flower extract
revealed the presence of various bioactive components of which
phenolic, flavonoids and saponin were the most prominent. Phenolic
and flavonoids compounds have been reported to be associated with
antioxidative action in biological systems, acting as scavengers of
singlet oxygen and free radicals?3 24,

Increased generation of free radicals or impaired antioxidant
defenses causes oxidative damage to membrane lipids, proteins,
carbohydrates, glucose and nucleic acids. These effects are regarded
as an important risk factor in the acceleration of chronic diseases
including diabetes3. Overproduction of free radicals in diabetes
could be due to increase in blood glucose levels3. Moreover, when
animals were subjected to OGTT, blood glucose level was found to be
increased with time and was maintained until 120 min in diabetic
rats. The rate of glucose disposal was found to be significantly
decreased in HFD/STZ group. Treatment with BM significantly
improved glucose tolerance, as indicated by reduction in peak blood
glucose level at 60 and 120 min in HFD/STZ + BM group during
OGTT. From the results obtained, it is evident HFD/STZ-induced
diabetic rats had much higher glucose levels and decreased insulin
level than of control rats. Oral administration of BM extract
decreased the blood glucose level in diabetic rats. Anti-
hyperglycemic effect of medicinal plant extracts is generally
dependent upon the degree of B-cell destruction?s. BM extract may
bring about its anti-hyperglycemic effect through insulin secretion
from the remnant (-cells and from regenerated B-cells or due to
increased peripheral glucose utilization®. A number of other plants
have also been observed to exert hypoglycemic activity through
insulin release stimulatory effects?6 27. In diabetes, there is an
increased glycosylation of a number of proteins including hemoglobin
and B-crystalline of lens. Measurement of HbAlc has proven to be
particularly useful in monitoring the effectiveness of therapy in
diabetes?8. HbA1c level increased in HFD/STZ group when compared
to control rats. Agents with antioxidant or free radical scavenging
property may inhibit oxidative reactions associated with protein
glycation. Administration of BM to HFD/STZ + BM group reduced the
glycosylation of hemoglobin by virtue of its free radical scavenging
property and thus decreased the level of HbAlc. Decreased blood
glucose level might also contribute to decrease level of glycated
hemoglobin in BM treated HFD/STZ group.

It has been demonstrated that insulin deficiency in DM leads to a
variety of derangements in metabolic and regulatory processes,
which leads to accumulation of TC and TG in diabetic patients?°.
Hyperglycemia itself leads to higher levels of circulating FFAs. An
overabundance of FFAs may result in endothelial dysfunction,
enhanced coagulation, insulin resistance, increased lipids deposits in
various organs and also affect cholesterol components3. The
normalization of serum lipids may contribute in part due to the
beneficial effects of BM on B-cell function and islet morphology
observed herein. In the present study, HFD/STZ treated diabetic rats
demonstrated abnormalities in lipid metabolism as evidenced from
the significant elevation of serum TC, TG, LDL-C, VLDL-C and
reduction of HDL-C levels. Treatment with BM for four-weeks was
sufficient to significantly reduce TC, TG, LDL-C, VLDL-C and
significantly increased HDL-C levels in diabetic rats. These results
indicate that BM has hypoglycemic and hypolipidemic effects on the
diabetic rats, consistent with the previous reports®12,

Hydroxyradicals (Hz202) accumulation can lead to reduction in
cleavage of bonds between oxygen atoms leading to the production
of hydroxyl radical, which is a very reactive and unstable oxidizing
species that reacts instantaneously with any biological molecule.
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H202 can penetrate all biological membranes and can therefore
cause cellular damage!. The antioxidant system uses GSH, the most
abundant non-protein thiol, which buffers free radicals3!. It is well
known that GSH is involved in the protection of normal cell structure
and function by maintaining the redox homeostasis, quenching free
radicals and participating in detoxification reactions. GST, a phase II
drug-metabolizing enzymes that plays a significant role in the
detoxification of foreign compounds, which catalyses the
conjugation of reduced glutathione with a variety of electrophilic
compounds32, Glutathione can thus directly scavenge free radicals or
act as a substrate for GST during the detoxification of H20.. A
reduction in the level of GSH may impair H:0: clearance and
promote formation of OH-, the most toxic molecule, leading to more
oxidant load. CAT, another antioxidant enzyme, removes H20: in the
form of oxygen and water. The increase in H202 might have induced
the peroxidation of polyunsaturated fatty acids (lipid peroxidation)
and lead to the formation of byproducts of lipid such as TBARS.
These oxyradicals can also lead to the formation of protein/protein
cross-linkages, oxidation of protein backbone resulting in protein
fragmentation and modification of amino acid side chains, which
includes oxidation of sulphydryl moieties and formation of PC33.
Consistent with previous studies,3* 35 in the present study, HFD/STZ
causes cellular damage by generating overproduction of free
radicals, which might have caused oxidative damage to membrane
lipids and proteins and ultimately led to increased TBARS, PC
contents and a decreased GSH level and antioxidant enzymes (GST
and CAT) in the pancreas. Following treatment with BM, as a
powerful antioxidant, significantly abrogated all the oxidative
alterations induced by HFD/STZ in the pancreas of rat,
corroborating previous studies of BM10.22,

The beneficial effects of BM in diabetic rats were also confirmed by
histopathological observation in pancreas tissues. Following
examination of pancreatic sections of HFD/STZ group, it was noted
that degenerated islet cells with vacuolization with lymphocytic
infiltration into the islet and dilated sinusoidal spaces. BM
supplementation ameliorated the severity of degenerative changes
in the HFD/STZ + BM group, indicating a partial protective effect of
BM in diabetic animals.

It is now widely accepted that the activation of inflammatory
mediators such as NF-kB, is the common cause of insulin resistant
T2D36 37. Furthermore studies have suggested hyperglycemia and
oxidative stress is linked to nuclear factor kappa-B (NF-kB)
activation3® 39, Thus, novel strategy that can counteract inflammatory
mediators would be useful in the prevention and management of T2D.
One possible mechanism of action by which BM shows glucose
lowering effect is due to presence of its constituent butrin, isobutrin
and butein, which acts through inhibiting activation of NF-kB#0,

The exact mechanism of action of the protective effects of BM
against HFD/STZ-induced diabetes in rats is not completely known.
However, its antidiabetic and antioxidative effects may be due to the
presence of its active constituents, viz., sterols, poly-phenols,
flavanoids and saponins. These diverse groups of compounds have
received much attention as potential natural antioxidants in terms of
their ability to act as both efficient free radical scavengers and metal
chelator. Preliminary studies have shown that saponins are useful in
treatment of diabetes, phytosterols have lipid lowering effects on
hyperlipidemia and poly-phenols and flavanoids have potential
antioxidant properties*. 42,

In the present study, it was concluded that the mechanism of action
of BM is through its antioxidant potential. Thus, our data suggest
that BM is a potent antidiabetic agent and beneficial in the control of
diabetes related abnormalities such as hyperglycemia, lipids
abnormalities, oxidative damage and histopathological changes in
pancreas of HFD/STZ-induced non-genetic rat model of T2DM.
Further studies are needed to find out novel pharmacological
approaches and exact mechanistic pathways of BM that can be used
for the management of diabetes.
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