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ABSTRACT

Background: Diabetes mellitus is among the most serious public health problems worldwide,
whose incidence is steadily increasing and is now posing a global epidemic danger. Major
secondary complications are associated with diabetes that impacts the normal functioning of
major organs such as the pancreas, liver, kidney, and eye and is characterized by a high rate of
inflammation, oxidative stress, and apoptosis. Indole phytoalexins such as Brassinin exhibit a
variety of biological properties, including antimicrobial, oviposition stimulant, antitumor, and
cytotoxic. Materials and Methods: The 35mg/kg STZ was intraperitoneally injected to the rats
for stimulating the diabetes. Then rats were treated with 25mg/kg of brassinin. The Glibenclamide
was used as a positive control. The impact of Brassinin on water and food uptake, body weight,
and kidney and liver weight were assessed. The levels of blood glucose, insulin, and glycosylated
Haemoglobin (HbA, ), hepatic marker, carbohydrate metabolic enzymes, antioxidants, and
inflammatory markers in untreated and treated rats were examined. The histological examination
of the pancreas, kidney, and liver were also performed to understand the salutary properties of
the Brassinin. Results: Brassinin and Glibenclamide treatment remarkably decreased the glucose
and HbA _levels in diabetic rats, while the insulin levels were substantially elevated. They also
increased the antioxidant enzymes in the STZ-stimulated rats and considerably decreased the
inflammatory marker and hepatic marker enzyme levels. Histological observations established
the protective potential of Brassinin on diabetes-associated injury in the pancreas, liver, and
kidney. Conclusion: It can be inferred that Brassinin is an antihyperglycemic, antioxidant, and
anti-inflammatory compound that protects the liver, kidney, and pancreas during the onset of
diabetes.
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INTRODUCTION

Diabetes Mellitus (DM) is a non-contagious metabolic disorder to International Diabetes Federation, around 10.5% of the world

characterized by an elevated blood glucose level that persists
for a prolonged period of time (hyperglycemia); the condition
develops when 83 cell destruction by the immune system prevents
the pancreas from producing sufficient insulin (Type 1) or when
the body itself acquires resistance to insulin (Type 2)."! According
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population is living with the disease, and this percentage might
rise to 12.2% by 2045. Moreover, an alarming number of 541
million adults are estimated to be at high risk for type 2 diabetes.?

In diabetes, persistent hyperglycemia leads to an elevated free
radical formation owing to protein glycosylation and glucose
auto-oxidation, which induces oxidative stress.’> As a result,
secondary complications such as retinopathy, which might lead to
vision loss, peripheral neuropathy, which increases the possibility
of foot ulcers and amputations, nephropathy, which might lead
to kidney failure, and autonomic neuropathy, which results in
gastrointestinal and cardiovascular symptoms along with sexual
dysfunction, can develop.®® This impacts the normal functioning
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of major organs including the pancreas, liver, kidney, and eye.’
In addition to these issues, diabetes individuals frequently have
abnormalities in their lipoprotein metabolism and are typically
hypertensive.” Rigorous and cautious glycemic management
with safe and effective treatment agents with antidiabetic and
antioxidant potential is, therefore, strongly encouraged to alleviate
the risk of oxidative stress-related diabetes complications.

The constituents of different plant extracts are known to possess
varying levels of bioactivity, which may be helpful in protecting
different organs from persistent hyperglycemia as well as
oxidative stress.! Fresh vegetables and fruits release phytoalexins
upon exposure to stress or infection to protect themselves.'
Indole phytoalexins such as Brassinin are found extensively in
cruciferous plants like Chinese cabbage, Brussels sprouts, and
cauliflower, and exhibit a variety of biological properties, including
antimicrobial, oviposition stimulant, antitumor, cytotoxic, and an
inhibitor of indoleamine 2,3-dioxygenase."** Although Brassinin
exhibits such potent bioactivities, its anti-diabetic activity has not
yet been studied. Hence, the current work focuses on discovering
the salutary properties of brassinin against STZ-stimulated
diabetes in rats by studying the biochemical and histopathological
parameters.

MATERIALS AND METHODS

Materials

Brassinin, Streptozotocin, and Glibenclamide were acquired
from Sigma-Aldrich, USA. All the other required chemicals were
obtained with high analytical categories.

Animal housing and dietary treatments

The procurement of adult healthy Sprague-Dawley rats
(180-200g) was from the Institutional Animal House post
obtaining ethical clearance from the Institutional Animal Ethical
Committee. The rat acclimatization was performed in a strictly
hygienic laboratory by maintaining the temperature at 25+1°C
and relative humidity at 55£5 for 7 days and a light-dark cycle for
12 hr. After acclimatization, rats were fed with regular diet and
clean water was available at all times. The rat cage was changed
every 3 days whereas the bedding was changed every single day.
Carel was taken to handle the rats as much as possible, and all of
the experimental methods used in the current investigation were
authorized by the ethics committee.

Diabetes Induction

Diabetes was induced in the animals with the help of the
Streptozotocin (STZ). The animals were injected intraperitoneally
with 35mg/kg STZ drug in 0.1M citrate buffer (pH 4.4). After 7
days of the STZ challenge, the level of blood glucose was checked
to confirm the diabetes onset. The rats with an estimated blood
glucose level greater than 11mmol/l were chosen in the current
experimental investigation.
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Experimental Design and Sampling

For the experiment, there were five groups of six rats each
divided arbitrarily. First was the control group, which consisted
of the rats that were intraperitoneally injected with only 0.5% of
DMSO. The second was the Diabetic induced group, where the
rats were intraperitoneally injected with 35mg/kg STZ drug. The
third group were induced with diabetes and subsequently treated
with Brassinin (25 mg/kg bwt in saline). The fourth group were
induced with diabetes and subsequently treated with Brassinin
(50 mg/kg bwt in saline). The fifth group of animals were treated
with the standard antidiabetic drug Glibenclamide (0.1 mg/kg
bwt in saline) after diabetes induction. For 45 days, Glibenclamide
and Brassinin (in 0.5% DMSO) were orally administered once
every day in the morning. After the treatment completion, the
rats were sacrificed and the blood was acquired to conduct a
biochemical investigation and kidney, liver, and pancreas tissues
were harvested to carry out histopathological studies.

Food intake measurement and body weight analysis

Throughout the experimental duration, measurements of water
and food intake, and variations in body weight were recorded
on a regular basis for each group of rats. After 45 days, all of
the rodents in the group were fasted overnight before being
sacrificed under anesthetic conditions (24 mg/kg b. wt. of
ketamine intramuscularly). Both with and without anticoagulant,
blood was drawn into collecting tubes. The kidney and liver were
promptly taken out, rinsed in the chilled buffer to eliminate any
blood and weighed. Later, 10% of homogenate was prepared with
0.1 M Tris-HCI buffer and subjected to centrifugation for 10
min at 1000 g. Biochemical parameters were evaluated using the
isolated supernatants.

Estimation of plasma blood glucose, glycosylated
haemoglobin, and insulin levels

At the completion of continuous diabetes induction and Brassinin
or Glibenclamide treatment, fasting blood samples were obtained
from the control and treated rats. HbA _measurements were
performed on whole blood, and glucose levels were estimated
with plasma samples. The blood glucose levels were estimated
using rat-specific glucose ELISA kit (Crystal Chem, USA) and
the blood HbA _levels were estimated by Mouse HbA _ Assay Kit
(Crystal Chem, USA). The insulin levels of all the groups were
measured at end of the treatment by a commercially available
ELISA kit obtained from Sigma Aldrich, USA. The collected
blood samples were subjected to insulin estimation by following
the manufacturer’s guidelines and the absorbance was determined
at 450nm.

Estimation of hepatic marker enzyme levels

The liver marker enzymes such as Aspartate Aminotransferases
(AST), (ALT), and Alkaline
Phosphatase (ALP) in control and treated rodents were

Alanine Aminotransferases
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measured by using kits procured from Sigma Aldrich, USA. The
experiments were conducted by complying with the guidelines of
the manufacturer.

Estimation of hepatic carbohydrate metabolic
enzyme levels

The levels of liver carbohydrate metabolic enzymes such
as Hexokinase (HK), Glucose-6-Phosphatase (G6P), and
Fructose-1,6-Bisphosphatase (F16BP) were estimated in the
liver supernatants. Hexokinase enzyme level was estimated as
per the method explained by Brandstrup et al. (1957).'¢ The G6P
levels were estimated as per the protocol mentioned by Baginski
et al. (1974)7 and the experiment established by Gancedo
and Gancedo, (1971)'® was utilized to estimate the levels of
fructose-1,6-bisphosphatase enzyme.

Quantification of antioxidant status in the pancreas

The levels of pancreatic antioxidants including CAT, GPx, GSH,
and SOD were evaluated in control and experimental rats. The
CAT activity was estimated as per the protocol of Aebi. (1984).”
Spectrophotometric monitoring of the H,O, degradation process
was carried out at 240 nm for 1 min, and the activity was quantified
as mol H O,/min/mg protein. The technique of Leopold and
Wolfgang, (1984)* was used to measure Glutathione Peroxidase
(GPx) activity. The units of the activity were represented as
moles of oxidized GSH/min/mg protein. The methodology
outlined by Ellman, (1959)* was used to test GSH levels. The
total GSH concentration was represented as pg/g of tissue, with
the absorbance at 412 nm being the measuring wavelength.
Superoxide dismutase activity was assessed with the help of nitro
tetrazolium blue reduction protocol as explained by Al Batran et
al. (2013).22

Estimation of pancreatic inflammatory markers

The levels of pancreatic inflammatory markers like TNF-a, IL-6,
and IL-1p in all the groups were measured by a commercially
available ELISA kit procured from Abcam, USA. The experiment
was conducted as per the manufacturer's guidelines. The
experiment was conducted in triplicates and the absorbance was
measured at 450nm. The final values were calculated by using the
standard curve with known concentrations of the standard.

Histopathological analysis

The liver, pancreas, and kidney tissues of all the five study
groups, i.e., Control, Diabetic-induced, Diabetic-induced and
Brassinin-treated and Diabetic-induced Glibenclamide treated
rats, were subjected to histopathological analysis. Initially, the
tissues were fixed with formalin (10%) for 24 hr. The tissue was
then fixed in paraffin wax, segmented with the help of a rotary
microtome to achieve 3-5 pm thickness, and then stained with
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eosin and hematoxylin. The stained slides were then subjected
to photo microscopic observation with a light microscope
(Olympus).

Statistical analysis

The data obtained with the experimental analyses were further
subjected to SPSS software ver.17 analysis. The ANOVA test and
post hoc test were utilized for comparison between the different
groups. Significance was assessed at p-value <0.05 (confidence
interval 95%).

RESULTS

Impact of Brassinin on levels of water and food
intake, bodyweight, and relative weight of kidney
and liver in experimental rats

The food and water uptake analysis, bodyweight and liver and
kidney weight in untreated and treated animals was evaluated and
the findings are depicted in Figure 1. There was a considerable
decline in their bodyweight, whereas the amount of food and
water ingestion as well as the kidney and liver weight were higher
in diabetic rats than in control rats. Brassinin and Glibenclamide
treatment resulted in augmentation in the body weight and
diminution in the water and food intake levels. The weight of the
kidney and liver also evidenced an increase upon Brassinin and
Glibenclamide treatment.

Impact of Brassinin on blood glucose, glycosylated
haemoglobin, and insulin in experimental rats

The blood glucose, HbA ,and insulin levels in control and treated
rats are shown were evaluated. Following diabetes induction,
the rats exhibited a substantial elevation in glucose and HbA
levels, suggesting the onset of hyperglycemia as compared to the
untreated rats (Figure 2). The rats with diabetes demonstrated a
marked reduction in insulin levels compared with the untreated
animals, implying a typical diabetic situation. Treatment with
Brassinin and Glibenclamide remarkably declined the blood
glucose and HbA _levels and caused an elevation in the insulin
levels as compared with untreated diabetic animals, indicating a
preventive effect of Brassinin on hyperglycemia.

Impact of Brassinin on hepatic marker enzyme levels
in experimental rats

The AST, ALP, and ALT in the experimental rats were measured.
A substantial elevation in AST, ALP, and ALT activities in diabetic
rats and a substantial decrease in all Brassinin-administered
rats could be observed (Figure 3). Moreover, the levels of these
liver enzymes did not significantly vary between the Diabetic
+ Glibenclamide and untreated control group. Overall, the
attenuation of the negative impact of diabetes on the liver
enzymes by Brassinin was best observed.
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Figure 1: Impact of Brassinin on water and food intake, bodyweight and liver
and kidney weights in untreated and treated rats. The animals were grouped
into Control, Diabetic induced, Diabetic induced Brassinin treated (25 and
50 mg/kg) and Diabetic induced with Glibenclamide treatment (0.1 mg/kg).
A) Bodyweight, liver and kidney weight of rats B) Amount of food and water
uptake. The findings are interpreted as mean=SD of 6 rats in each set with a
significance level of * p<0.01 from group | and # p<0.05 from group II.
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Figure 2: Impact of Brassinin treatment on blood glucose, insulin and
glycosylated hemoglobin levels of untreated and treated rats. The animals
were grouped into Control, Diabetic induced, Diabetic induced Brassinin
treated (25 and 50 mg/kg) and Diabetic induced with Glibenclamide
treatment (0.1 mg/kg). A) Blood glucose level of rats B) Insulin and
glycosylated hemoglobin level of rats. The findings are interpreted as the
mean =+ SD of 6 rats in each set with a significance level of * p<0.01 from
group | and # p<0.05 from group Il.
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Figure 3: Impact of Brassinin treatment on the levels of liver marker enzymes AST, ALT, and ALP in serum of control and
treated rats. The animals were grouped into Control, Diabetic induced, Diabetic induced Brassinin treated (25 and 50 mg/
kg) and Diabetic induced with Glibenclamide treatment (0.1 mg/kg). The activities of AST, ALT, and ALP were measured. The
findings are interpreted as the mean+SD of 6 rats in each set with a significance level of * p<0.01 from group | and # p<0.05
from group II.

Impact of Brassinin on liver carbohydrate metabolic
enzyme activities in experimental rats

The hepatic carbohydrate metabolic enzymes including HK,
F16BP, and G6P produced in the liver of experimental rats was
evaluated and the findings are represented in Figure 4. The
diabetic liver of the rats demonstrated a considerable diminution
in HK activity and a substantial elevation in G6P and F16BP
activities. However, the modifications in HK, G6P, and F16BP

S704

activities were returned to the standard range in the Brassinin
and Glibenclamide-treated rats, suggestive of their excellent
anti-diabetic nature.

Impact of Brassinin on the levels of antioxidants in
the pancreas of experimental rats

The effect of Brassinin treatment on pancreatic antioxidants
like CAT, GPx, SOD, and GSH was assessed and the findings
are depicted in Figure 5. A remarkable depletion in all the
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Figure 4: Brassinin on activities of HK, F16BP, and G6P in control and
treated rats. The animals were grouped into Control, Diabetic induced,
Diabetic induced Brassinin treated (25 and 50 mg/kg) and Diabetic induced
with Glibenclamide treatment (0.1 mg/kg). (A) HK and (B) G6P, and F16BP.
The findings are interpreted as the meanSD of 6 rats in each set with a
significance level of * p<0.01 from group | and # p<0.05 from group II.
antioxidant levels was exhibited in the pancreatic diabetic rats in
contrast to that of untreated rats. Treatment with Brassinin and
Glibenclamide, however, substantially prevented the reduction in
antioxidant levels relative to that of the untreated diabetic group,
indicating the restorative potential of Brassinin to near normal

levels.

Impact of Brassinin on pancreatic inflammatory
marker levels in experimental rats

The effect of Brassinin on the status of pancreatic IL-6, TNF-a,
and IL-1B was determined. A substantial (p < 0.05) elevation
in all the inflammatory markers was noticed in the pancreas
of diabetic rats, indicative of inflammation. Treatment with
Brassinin and Glibenclamide considerably reduced the marker
levels compared to that of the untreated diabetic group, suggesting
the anti-inflammatory potential of Brassinin (Figure 6). Also,
the levels of these markers returned to the normal range in the
Brassinin and Glibenclamide administered diabetic rats.

Effect of Brassinin on the histology of pancreas,
kidney, and liver of experimental rats

The histological characteristics of the pancreas, kidney, and
liver were examined to understand the impact of Brassinin
and Glibenclamide on the organs of diabetic rats. The liver of
the untreated control group had typical microscopic architecture
made up of Pacini hexagonal tiny lobes. However, the liver
structure in the diabetic group showed central vein congestion
and disruption of the hepatic architecture. Brassinin treatment
was able to effectively counteract the STZ’s liver injuries.
With respect to the kidney structure, it was disorganized and
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Figure 5: Antioxidant potential of Brassinin on pancreatic antioxidant levels
in untreated and treated rats. The rats were grouped into Control, Diabetic
induced, Diabetic induced Brassinin treated (25 and 50 mg/kg) and Diabetic
induced with Glibenclamide treatment (0.1 mg/kg). The levels of GSH, GPx,
SOD, and CAT were examined. The findings are interpreted as the mean+SD
of 6 rats in each set with a significance level of * p<0.01 from group | and #
p<0.05 from group II.
the bowman's capsule space also shrunk in the diabetic rats.
Brassinin-treated groups exhibited remarkable protection of
the renal tissue against STZ-induced damage. In the pancreas of
diabetic animals, the exocrine glands experienced vacuolation of
cells lining pancreatic sacs, and the size and cell count of their
endocrine islets of Langerhans significantly decreased. The
treatment with Brassinin and Glibenclamide was able to reverse

this change and exhibit normal histoarchitecture (Figure 7).

DISCUSSION

Hyperglycemia, a characteristic of the multi-factorial
disease, Diabetes, causes excessive urination, compensatory
polydipsia, severe fluid ingestion, unknown weight loss,
nephropathy, neuropathy, retinopathy, and vascular difficulties.
It interferes with the functioning of several essential organs,
which might result in serious consequences.”” Therefore, if we
want to develop effective treatments, it is crucial to research
how effective agents affect the aforementioned complications.
As a result, the present investigation focused on the impact of
a naturally occurring phytoalexin, Brassinin, on the attenuation
of diabetes-associated complications in STZ-stimulated SD rats.
A standard drug, Glibenclamide, was employed to compare the

anti-diabetic effect displayed by Brassinin.

In this investigation, diabetes was stimulated in SD rats by
administering a pancreotoxic substance called STZ, which
damages the -cells present in the islets of Langerhans, which
significantly reduces the amount of insulin secreted and results
in blood glucose enhancement. In addition to increased liver
glycogen breakdown, gluconeogenesis, and glucose synthesis,
these effects are principally introduced by decreased glucose
entry into muscle and adipose and peripheral tissue. Upon
STZ administration, a substantial elevation in blood glucose
and HbA _and a reduction in insulin were observed, and these
outcomes are in concordance with previous investigations.”%

The characteristic features of diabetic rats include weight loss,
muscular atrophy, severe hair loss, scaling, cataracts, elevated
food and water intake, dehydration, polyuria, etc., In this study,
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STZ-stimulated diabetic rodents had significantly lower body
weights. Considering that diabetic rat cells cannot make use of
glucose for energy production because insulin secretion and
action are reduced, weight loss could be ascribed to increased
employment of protein and fat. Additionally, increasing protein
catabolism to offer amino acids for carrying out gluconeogenesis
leads to muscle as well as weight loss.?® The amount of water and
food ingested was much higher in the diabetic group, which may

be related to a diminished capacity of the tissues to use glucose,
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leading to augmented levels of glucose elimination through urine,
which continuously stimulates the consumption of excess food
and liquids.

Through gluconeogenesis or glycogenolysis, the liver and
kidneys synthesize the majority of endogenous glucose. Owing
to impaired pancreatic functioning and decreased tissue glucose
absorption, endogenous glucose production was increased in
diabetic rodents, resulting in hyperglycemia.” The liver has a
special activity in the metabolism of glucose and is important
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Figure 6: Effect of Brassinin on pancreatic inflammatory markers TNF-q, IL-6, and IL-1{ levels in control and treated rats. The animals
were grouped into Control, Diabetic induced, Diabetic induced Brassinin treated (25 and 50 mg/kg) and Diabetic induced with
Glibenclamide treatment (0.1 mg/kg). (A) TNF-q, (B) IL-6 and (C) IL-1f. The findings are interpreted as the mean+SD of 6 rats in each set
with a significance level of * p<0.01 from group | and # p<0.05 from group II.
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Figure 7: Effect of Brassinin treatment on histoarchitecture of pancreas, kidney, and liver tissues in control and treated rats. A
hematoxylin and eosin stained image of formalin-fixed tissues was subjected to light microscopic analysis.
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for maintaining systemic glucose homeostasis. The kidneys also
take part in the blood sugar regulation process.” In this study,
Brassinin treatment markedly decreased the elevated glucose
concentration. The reduction of glucose level by Brassinin could
be ascribed to the recovery of pancreatic islet cells, as described
in earlier studies by other natural compounds.” In rats with
diabetes triggered by STZ, insulin production is diminished.”
Our diabetic rodents also displayed decreased plasma insulin
levels. However, plasma insulin levels dramatically increased
after Brassinin treatment, further confirming its anti-diabetic
nature. The anti-diabetic potential of Brassinin can be ascribed to
the presence of dithiocarbamate ester in its structure, which has
been proven to exhibit anti-hyperglycemic activity in previous
reports.*"

HbA _is one of the most suitable indicators for monitoring
long-term glycemic control in diabetes individuals. Due to the
glycosylation of haemoglobin in diabetic individuals, HbA
levels increased, and this rise in concentration was correlated
positively with blood glucose levels. In diabetic conditions, the
high blood glucose concentration interacts non-enzymatically
with Hb. Asaresult, the HbA _increases.”” A substantial elevation
in HbA _concentration was noticed in diabetic animals in this
study. Diabetes-prone rats treated with Brassinin exhibited lower
HbA, _concentrations. Brassinin's anti-hyperglycemic action by
improving glycemic control has been clearly demonstrated with
this finding.

Studying the pathological alterations in the liver throughout
hyperglycemia for the regulation and management of diabetes
complications has generated interest due to the abundant
incidence of liver disease in the diabetic population.* By
converting the metabolic pathway intermediates, the hepatic
enzyme activity of ALT and AST establish the connection
between protein and carbohydrate metabolism.** The findings
demonstrated that all liver enzymes were considerably elevated in
diabetic rats that were untreated, and these findings are analogous
to various reports.’>** However, the Brassinin-treated groups of
rats were effectively protected from the hepatic enzyme changes.
Increased blood AST, ALT, and ALP activities are utilized as
indicators for acute liver toxicity and as signs of hepatic lesions.
The increased levels of hepatic enzymes are triggered by damage
to the hepatocyte membrane due to diabetic toxicity and the
leaking of these enzymes into the circulation.”

The hexokinase enzyme present in the liver plays a considerable
part in glucose utilization and glycogen synthesis; in diabetes,
its activity is decreased but is recovered by the introduction of
insulin.’® In this study, diabetic rats' livers showed a noticeably
decreased level of HK activity. The discovery is in line with
previous research, and it may be explained by a lower insulin
level, diminished glucose absorption in the body, and increased
blood sugar levels.””*® The HK activity was considerably elevated
in the diabetic rat liver following Brassinin treatment. This
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elevation may be caused by Brassinin, which triggers the delivery
of insulin from the residual pancreatic p-cells. By enhancing the
HK activity of the liver, Brassinin improved glucose homeostasis
and augmented glucose metabolism.”

The glucose homeostasis enzymes, F16BP and G6P, which
are mostly present in the liver and kidney, are essential for
gluconeogenesis. The current study discovered a substantial
enhancement in G6Pase and F16BP activities in the liver of
STZ-stimulated diabetic rats, which could be because of insulin
diminution. Enhanced G6Pase and F16BP activities trigger the
production of glucose.” The bioactive substances that occur in
Brassinin may be responsible for the reversal of G6P and F16BP
activities to a state that is close to normal after receiving Brassinin
treatment.”

According to research on oxidative stress and diabetes
complications, the onset of pathological abnormalities associated
with hyperglycemia is accelerated mainly by oxidative stress.*!
In order to combat oxidative stress, which is the primary factor
contributing to the emergence of complications, it is crucial to
increase both enzymatic and non-enzymatic antioxidants in
the body.*? While catalase and glutathione peroxidase enzymes
catalyze the breakdown of H,O, to produce oxygen and
water, SOD is involved in the catalysis of superoxide radical
degradation. The reduction of Glutathione disulfide to GSH,
which is necessary for preventing oxidative stress, is catalyzed by
glutathione reductase.”** The prolonged hyperglycemia-induced
ROS generation that results in the depletion of hepatic
antioxidants may be the cause of the decline in the functions of
liver antioxidants in diabetic rats, and the reduced activity has
been established in several investigations.**® However, this trend
seemed to reverse when Brassinin was administered. Therefore,
Brassinin's anti-peroxidative potential to inhibit the H,0, levels
was confirmed.

stress has been shown to stimulate

that
apoptosis.*® The pathophysiology of DM is influenced by

Chronic oxidative

transcription  factors cause inflammation and
inflammation-associated regulators i.e., IL-6, C-reactive protein,
and TNF-a. One of the primary cytokines produced during
inflammatory reactions is TNF-a, which can trigger signalling
pathways of cell death, cell survival, inflammatory reactions,
and cellular proliferation. A number of mechanisms have been
suggested involving inflammation-related stress, including ROS
and NO in the pathogenesis of diabetes in addition to p-cell
impairment. The apoptosis of P-cells is greatly influenced by
inflammation-associated molecules.** In the group II rats,
elevated levels of IL-6, TNF-q, and IL-1 3 proteins were observed
in the pancreas, as noticed in earlier works.*** The brassinin
administration in the diabetic rats with Brassinin demonstrated
a considerable decline in the status of these inflammatory

mediators, suggestive of its anti-inflammatory potential.
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As a result of diabetes, secondary complications primarily target
organs like the liver, pancreas, and kidney, and the histological
alterations of these organs have already been reported in prior
research.’®! The liver of the untreated control group had
typical microscopic architecture made up of Pacini hexagonal
tiny lobes that were positioned around the major vein. The liver
structure in the diabetic untreated group showed central vein
congestion and disruption of the hepatic architecture, which might
lead to necrosis and severe damage. Brassinin treatment was able
to effectively counteract the STZ’s liver injuries. The morphology
after Glibenclamide administration resembled the control
structure that was not provided with any treatment. Compared to
the non-diabetic group, the kidneys of the diabetes-induced rats
showed architectural modifications. With the kidney structure
being disorganized and the renal vein dilating, Bowman's capsule
space also shrunk. Brassinin-treated groups exhibited remarkable
protection of the renal tissue against STZ-induced damage. The
morphology resembled the non-diabetic control structure when

Glibenclamide was administered.

Normal exocrine and endocrine characteristics may be observed
in H&E-stained pancreatic sections from control animals, which
also reveal acinar structures and islets of Langerhans. Exocrine
glands of diabetic rats experienced vacuolation of cells lining
pancreatic sacs, and the size and cell count of their endocrine
islets of Langerhans significantly decreased. Brassinin treatment
of diabetic rats revealed minor degenerative alterations in
exocrine glands as well as an apparent enhancement in the islets
of Langerhans size with normal architecture. These findings
concurred with the outcomes of earlier kinds of literature,”>** and
they may be explained by redox status instability, inflammation,
and apoptosis. Overall, in the current study, Brassinin not only
reduced fasting blood glucose levels but also increased pancreatic
antioxidant status and lowered inflammation, protecting B-cells

from additional impairment.

CONCLUSION

In conclusion, diabetes treatment with a therapeutic dose of
Brassinin is a key strategy for strengthening the body's antioxidant
defense system, which in turn prevents hyperglycemia, oxidative
stress, and inflammation. This approach also helps to protect
against complications caused by diabetes at the earliest stage
of organ damage. This is the first investigation of Brassinin's
potential for protection against the progression of diabetes
and the related secondary problems in experimental animals.
Furthermore, additional studies are still needed in the future
to understand the underlying molecular mechanisms of the

therapeutic potentials of the brassinin.
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SUMMARY

» Indiabetes, persistent hyperglycemia leads to an elevated free
radical formation owing to protein glycosylation and glucose
auto-oxidation, which induces oxidative stress.

o Brassinin not only reduced fasting blood glucose levels
but also increased pancreatic antioxidant status and
lowered inflammation, protecting {-cells from additional
impairment.

o Brassinin's potential for protection against the progression of
diabetes and the related secondary problems in experimental
animals.
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