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Abstract

Chemicals have been shown to induce epigenetic changes that alter glucose metabolism genes,
potentially leading to insulin resistance and increasing the risk of metabolic disorders like type 2
diabetes. This study was aimed to assess histopathological and epigenetic changes in insulin
signalling molecules in STZ-induced type-2 diabetic rats and the possible therapeutic role of
hesperidin. Hesperidin (100mg/kg b.wt) was administered to STZ-induced rats and assessed for its
protective role and epigenetic mechanisms in the gastrocnemius muscle. Diabetic rats exhibited
significant increase (p<0.05) in renal function markers such as urea (60, 140, 80, 70, and 79 mg/dL)
and creatinine (0.9, 2, 1.2, 1.1, and 1.0 mg/dL), oxidative stress markers, while antioxidant enzymes
such as superoxide dismutase (0.9, 0.5,0.8, 0.87 and U/mg protein) and catalase (1, 0.4,0.86, 0.92
and 1.13 U/mg protein) were markedly lower (p<0.05). Histopathological analysis revealed a
decrease and disruption in muscle fibres. The mRNA expression of insulin signalling molecules PI3K
(1,0.6,0.8, 1.1, and 1 fold) and Munc18 (1, 0.6, 0.8, 1, and 0.9) was significantly (p<0.01) reduced in
diabetic groups. Epigenetic studies showed CpG island methylation in the promoter regions of
GLUT4, Akt, and IR genes in diabetic rats. However, hesperidin treatment restored the detrimental
changes caused by diabetogenic agent, streptozotocin. The present study concludes that hesperidin
plays a central role in regulating epigenetic mechanisms of insulin signalling molecules and GLUT4
translocation in skeletal muscle and thereby protects the muscle cells.
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Introduction Oxidative stress in skeletal muscles is caused
by obesity and hyperglycemia. It has had a
major detrimental impact on human life and
health economics, spreading to pandemic
proportions around the globe. As a result, the

The pervasive sickness in the current era,
diabetes is a leading cause of cardiovascular
disease (CVD), a major global health concern.
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development of novel, cutting-edge drugs that
lessen these harmful events ought to be given
top priority [1]. According to statistics from
around the world, approximately 74% of
people are unable to purchase allopathic
medicine’s products. As a result, they must
rely on traditional remedies, which are mostly
made from plants. Hence, we study the
common bioflavonoid Hesperidin as the drug
to identify its effect on Diabetics. The
objective of this experimental investigation is
to identify and evaluate the therapeutic
properties of hesperidin, a bioflavonoid
derived from orange peel (a citrus fruit), on the
molecules that regulate insulin signal in the
gastrocnemius (skeletal) muscle
hyperglycemia-instigated  type-2  diabetes
(T2DM) rats [2]. Because it targets apoptotic
pathways and induces apoptosis, B-sitosterol
has a great therapeutic potential as an
anticancer treatment against oral cancer KB
cells [3]. Hesperidin is a bioflavonoid
(flavanone glycoside) with hypolipidemic and
hypoglycemic hypoglycemic properties that
are abundant in oranges and lemons.
Hesperidin, one of several biophenols, is
important as a naturally occurring medicinal
substance [4,5]. The majority of citrus plants
contain hesperidin, a powerful vitamin that
animals consume through diet. This study aims
to determine and assess the potential
therapeutic  effects of  hesperidin, a
bioflavonoid derived from orange peel, on the
molecules that control insulin signal in the
skeletal muscle of obese rats with
hyperglycemia-induced type- 2 diabetes
(T2DM) [6]. Oranges and lemons are rich in
hesperidin, a  bioflavonoid  (flavanone
glycoside)  having  hypolipidemic  and
hypoglycemic qualities. Among the several
biophenols, hesperidin is significant as a
naturally occurring medication [6]. Higher
caries severity, higher DMFT scores, and a
plague ecology that favors Streptococcus
mutans are all associated with the presence of
H. pylori in severe carious lesions [7].

Hesperidin, a potent vitamin that animals get
from eating, is found in most citrus trees. It is
appropriately characterized by the European
Food Safety Authority (EFSA) to take
hesperidin along with diosmin, troxerutin, and
other drugs. The intended outcome is the
maintenance of normal venous-capillary
permeability, which has advantageous
physiological implications [8].

In this study, we examine and investigate
some of the therapeutic effects of hesperidin
against type-2 diabetes using diabetic insulin
resistance [9,10]. In different stages of OSCC,
NGS analysis identifies a variety of genetic
alterations that help with minimal intervention
techniques and individualized treatment plans
[11]. The majority (80%) of the circulating
glucose is absorbed by skeletal muscle
following a postprandial meal before being
taken up by glucose transporters into the cell.
The study of epigenetics focuses on how
environmental factors and behaviour can alter
gene expression [12, 13]. While epigenetic
modifications can alter how your body
interprets a DNA sequence, they are reversible
and do not alter your DNA sequence like
genetic modifications do [14,15]. Through its
inhibition of HSC-3 oral squamous carcinoma
cells' proliferation, migration, invasion, and
aerobic glycolysis, calotropin has anti-cancer
effects [16]. Metabolic illnesses like diabetes
and obesity are primarily caused by genetic
alterations, but they can also be exacerbated
by epigenetic changes brought on by a
sedentary lifestyle and ecological stressors in
response to imbalances in energy expenditure
and consumption. Insulin resistance can result
from increased synthesis of non-coding RNAS,
histone modifications, and DNA methylation
that reduces the transcriptional function of key
beta-cell genes. In addition to inflammation
linked to obesity, elevated Reactive Oxygen
Species (ROS), and damage to DNA in many
body regions, epigenetics plays a role in the
expression of the underlying gene networks
that cause insulin resistance and insufficiency.



Loss of body weight persisted even after
serum lipid levels decreased in STZ
administered diabetic mice & the modulatory
action of biotransformation enzymes was the
main cause. Trained immunity is based on
epigenetic regulation of histone changes that
cause chromatin to open permanently. A
possible marker for early detection and
prognosis, elevated salivary MMP-9 levels are
correlated with the severity of OSCC and
malignant transformation [17].

Materials and Methods
Chemicals and Reagents

Hesperidin  and  streptozotocin  were
purchased from Sigma-Aldrich (St. Louse,
MO, USA). Primers specific to genes such as
GLUT 4, IR, IRS-1, Akt, and B-actin were
obtained from Eurofins Genomics India Pvt
Ltd. in Bangalore, India. The remaining
chemicals and reagents needed for the
investigation were obtained from the following
sources: Sisco Research Laboratories, India;
MP Biomedicals, LLC; 9 Goddard, Irvine,
CA-92618, USA; New England BiolLabs
(NEB), USA; and Promega (USA).

Animals

We acquired adult male Wistar albino rats,
weighing between 150 and 180 days, from
MASS Biotech in Chennai, India. The rats
were housed at the Central Animal House,
Saveetha Dental College and Hospital in
Chennai, Tamil Nadu, under standard
environmental conditions that included a
constant 12-hour light/dark cycle, standard
temperature and specific humidity (21 = 2 °C),
regular pellet meal, and unlimited water,
according to the Institutional Animal Ethical
Committee. The current work was approved
by adhering to the current guidelines (IAEC
No.: BRULAC/SDCH/SIMATS/IAEC/04-
2022/101, dated 2 April 2022).

Experimental Design

Group 1: Comprised of control rats in good
health; Group 2: Diabetic rats induced by
streptozotocin; Group 3: Diabetic rats treated
with hesperidin at a dose of 100 mg/kg bwt for
30 days; Group 4: Diabetic rats treated with
metformin at a dose of 50 mg/kg bwt for 30
days; Group 5: Diabetic rats treated with
hesperidin. Hesperidin was dissolved in 1mL
of 0.9% saline and then administered orally
via an intragastric tube at different doses for
30 days. One milliliter of distilled water was
used to dissolve the standard medicine,
metformin [22]. Sodium thiopentone (40
mg/kg body weight) was used to sedate the
animals on the final day of the experiment.
Blood was extracted using heart puncture, and
the sera were separated and kept at -80 -C.
immediately after being dissected, the
gastrocnemius muscle was measured for the
following parameters.

Histopathological Study

The gastrocnemius muscle wad stained with
hematoxylin and eosin dye after being
histopathologically inspected and stored in
paraffin using formalin (10% neutral buffered)
[23]. The x200 magnification semi-thin
sections produced by the LKB ultra-
microtome were identified with a “Olympus”
light microscope fitted with a “Nikon” digi-
cam.

Methylation Specific PCR

The first CpG islands were discovered
around the Glut4 promoter using the
Methprimer software, which ensured a
minimum 50% GC content and a subtracted
CpG to anticipated CpG ratio >0.6. Methyl
Primer Express software was utilized to
generate methylation-specific primers, and
Table 4 gives details about the primer
sequences. After that, genomic DNA was
extracted from the gastrocnemius muscles and
measured in order to evaluate its quality. EZ
DNA Methylation Kit was used to bisulfite
modify the isolated DNA. The model utilized



for MSP was the naked DNA that had
undergone bisulfite modification [24].

A 0.2 mM deoxynucleotide triphosphate
(dNTP), 3 mM magnesium chloride (MgCl.),
0.2 mM methylation-specific and
unmethylation-specific ~ primers, 1 U
HotStarTaq DNA Polymerase, and 2 pl
bisulfite-administered DNA were combined to
create the PCR mix. Molecular biology grade

water was used to adjust the overall capacity
to 20 ul. Both positive and negative controls
were present. Water was used as the +ve
control since it contained no DNA template,
and CpG methyltransferase from New England
Biolabs was used to methylate
hypermethylated rat DNA in vitro. List of
primers used in this study is given in tablel.

Tablel. List of Gene Specific Primers Used in this Study

Name of the Primer sequence Product | Annealing

gene (bp) temperature
4

Glut4 Sense primer: 5-GAT GGG TCG TAG ATT GTG TAT CG-3' 121 59

(Methylated) Anti-sense primer: 5'-ACC TTA AAA AAT CCG CGA CTC GC-3’

Glut4 Sense primer: 5-GGG ATG GGT TGT AGATTG TGT ATT-3' 119 58

(Unmethylated) | Anti-sense primer: 5'-AAC CTT AAA AAATCC ACA AC-3’

Insulin receptor | Sense primer: 5'- TTG TTT TAG ATT TTA TAT AAC GCG A-3’ 107 58

(IR) Anti-sense primer: 5'- TAA AAA AAA CAC ACA AAC CTC GAC-3’

(Methylated)

Insulin receptor | Sense primer: 5'- TTG TTT TAG ATT TTA TAT AAT GTG A-3’ 109 59

(IR) Anti-sense primer: 5'- TAA AAA AAA CAC ACA AAC CTC AAC-3’

(Unmethylated)

Akt Sense primer: 5'- TTA AGG ACG GTG TTATTA TGA AGA C-3' 112 57

(Methylated) Anti-sense primer: 5-TCT CCT CCATTA AAA TAA ACT CGA A-3'

Akt Sense primer: 5'-AAG GAT GGT GTT ATT ATG AAG ATG T-3' 118 59

(Unmethylated) | Anti-sense primer: 5'-TCT CCT CCATTA AAA TAA ACT CAA A-3’

Statistical Analysis

Using computer-based software (SPSS 7.5
using Windows student version), the data were
statistically analyzed using one-way analysis
of variance and Duncan’s multiple comparison
tests to determine the significance of
individual changes between the control and
treatment groups. A significance threshold of
p<0.05 was used to the analysis.

Results

Effect of Hesperidin on Kkidney Function
Markers in STZ-Induced Type-2 Diabetic
Rats

Figure 1A and 1B show the effect of
hesperidin on urea and creatinine respectively.
While comparing between the control and
treated group, we could notice that both Urea
and Creatinine levels show significant increase
in Diabetic group than the diabetes with
Hesperidin. Treated and Diabetes with
Metformin treated and control groups.
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Figure 1. Hesperidin on Kidney Function Markers

Effect of Hesperidin on Oxidative Stress
Markers H;O, and LPO in the
Gastrocnemius Muscle of STZ-Induced
Type-2 Diabetic Rats

Figure 2A and 2B show the effect of
Hesperidin on H;O, and LPO respectively.

mM/100g tissue

While comparing between the control and
treated group, we could notice that both H,O>
and LPO levels show significant increase in
Diabetic group than the diabetes with
Hesperidin. Treated and Diabetes with
Metformin treated and control groups.

Figure 2. Hesperidin on H,0, and LPO Activity



Effect of Hesperidin on Antioxidant CAT) respectively. While comparing the

Enzymes (SOD and CAT) in the control and treated group, we could notice that
Gastrocnemius Muscle of STZ-Induced both SOD and CAT levels show a significant
Type-2 Diabetic Rats increase in the Diabetic group than diabetes

with Hesperidin Treated and Diabetes with

Figures 3A and 3B show the effect of )
Metformin treated and control groups.

Hesperidin on antioxidant enzymes (SOD and
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Figure 3. Hesperidin on SOD and CAT Activity.

Effect of Hesperidin on PI3K mRNA Expression in the Gastrocnemius Muscle of STZ-Induced
type-2 Diabetic Rats
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Figure 4. Hesperidin on PI3K .mRNA Expression in Skeletal Muscle

In figure 4, the PI3K mRNA expression is with 30 to 40 cycles. The melting peak shows
studied in the skeletal muscle and the at 85 degree Celsius and the untreated group
Amplification chart shows increased value shows lower value of diabetes.



Effect of Hesperidin on Munc 18 mRNA Expression in the Gastrocnemius Muscle of STZ-
Induced Type-2 Diabetic Rats
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Figure 5. The Untreated Groups show a Lower Value of Diabetes than the Treated and Control for Munc18
MRNA Expression in Skeletal Muscle

In Figure 5, the Munc 18 mRNA expression with 30 to 40 cycles and a melting peak at 80
in skeletal muscle is studied and the degrees Celsius and the untreated groups show
Amplification chart shows an increased value lower value of diabetes [22].

Effect of Hesperidin on Histopathological Changes in the Gastrocnemius Muscle of STZ-
Induced Type-2 Diabetic Rats.

Figure 6a-e. Histopathological Study of Skeletal Muscle



The normal appearing skeletal muscle with
black myofibrils and myonuclie is shown as
yellow arrow in figure 6a and b. Figure 6b
shows the normal appearing skeletal muscle
with focal atrophy (red arrow) noted after the
induction of STZ. In part d of figure 6, along
with normal appearing skeletal muscle (black-
myofibrils) and myonuclei (yellow) mild
atrophy is noted (red arrow) and chronic
inflammation in the intermuscular connective
tissue (white). After the treatment of
Hesperidin, normal-appearing skeletal muscle
(black- myofibrils) and myonuclei (yellow) is
observed.

Epigenetic Study

Using  methyl-specific PCR, DNA
methylation patterns were investigated, with
an emphasis on CpG islands. Gene promoters
are often the locations of CpG islands, regions
of the genome where CpG dinucleotides
accumulated and employ epigenetic regulation
to modify gene expression. Methyl-specific

PCR is a technique used by researchers to
IR
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evaluate the methylation state of CpG islands
by amplifying specific DNA sequences that
are methylated or unmethylated. This
technique advanced our understanding of the
role of epigenetic modifications and gene
regulation by illuminating the connection
between DNA methylation and gene activity
through the analysis of CpG island
methylation.

In this study, CpG island methylation was
found in the control and STZ-treated diabetic
rats' promoter regions of the GLUT4, Akt, and
IR genes [23]. The results showed that the
group was activated by STZ. Notably,
hesperidin administration markedly reduced
methylation levels in the CpG islands of the
GLUT4, Akt, and IR genes relative to the
diabetic control animals (as illustrated in the
photos from fig. 7-8). These findings show
that hesperidin can protect these gene
promoters from the harmful effects of
methylation.
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Figure 7. Identification of Methylated and Non-Methylated ir Gene.
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Figure 8. Identification of Methylated and Non-Methylated Akt Gene
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Fig. 9. Identification of Methylated and Non-Methylated glut4 Gene



Discussion

Experimental rats induced with
streptozotocin that induce hyperglycemia have
been widely used as an effective vehicle to
investigate  the  effects of  various
hypoglycemic  medications [24]. When
exposed to STZ, pancreatic beta cells are both
adversely affected by O2-radicals and possibly
by hydroxyl radicals [17]. The mechanism by
which  streptozotocin  induces  diabetes
including selective destruction of pancreatic b-
cells through DNA alkylation was explained
[18]. For the early identification and
management of OPMDs, miRNAs exhibit
potential as biomarkers and therapeutic targets
[25].

In diabetic rats’ hearts and Kidneys,
hyperglycemia caused histone H3 to become
deacetylated and dephosphorylated. Moreover,
in hyperglycemic/hyperinsulinaemic
circumstances, Fbnl and Col3A1 mRNA
expression rose in the kidneys and decreased
in the heart. Chromatin immunoprecipitation
also revealed an increase in the degree of
histone H3 acetylation of the Fbnl gene, but
not the Col3Al gene, which is comparable to
MRNA expression. Anil et al indicated that the
Fbnl gene’s change in expression is
epigenetically regulated, but the Col3Al
gene’s expression may be affected by other
histone modifications or may not be affected
by epigenetic regulation at all [26]. They also
gave the first proof of the impact of
hyperglycemia/hyperinsulinemia on histone
H3 alterations, which may change the
expression of genes involved in the
extracellular matrix. The growing use of
genome-wide DNA methylation profiles as a
biomarker to identify individuals who may be
at risk of diabetes or certain related problems
[27]. Creating a prediction model that
considers both DNA methylation alterations
and genetic information could be a useful
diagnostic strategy for all forms of diabetes
and could result in further novel treatments.
Leukoplakia, OSMF, and OSCC patients may

be evaluated for the likelihood of malignant
transformation using circulating exosomal
miRNAs miRNA 21, miRNA 184, and
MiRNA 145 as possible biomarkers [28].

The prevalence of diabetes has increased
and is on the rise in recent decades, and it will
continue to Change in the levels and
disturbances in the generation and uptake of
glucose, insulin secretion, insulin action, and
insulin resistance may lead to illness. It
appears that hormonal interactions and various
stressors may negatively affect this condition.
One of the main causes of T2DM and the main
issue related to obesity and a metabolic
condition is peripheral insulin resistance.
Insulin resistance can be caused by impaired
insulin signalling, numerous post-receptor
intracellular flaws, including impaired glucose
transport, glucose phosphorylation, and
reduced glucose oxidation and glycogen
synthesis, as well as decreased insulin-incited
glucose uptake in skeletal muscle. Due to its
numerous causes, diabetes is a serious medical
condition.

In this study, we focused on evaluating the
anti-diabetic role of Hesperidin in the
streptozotocin-induced T2DM, and Hesperidin
can enhance the insulin sensitivity in the
skeletal muscles of diabetic rats. MIRNA
which are non-coding RNAs epigenetically
modify the phenotype and hence we conclude
that it has epigenetic role as well. Eating a diet
heavy in fat causes diabetes mellitus, which
gradually damages the liver, skeletal muscle,
and adipose tissue—organs involved in
metabolism. Hyperglycemia is the outcome,
with a drop in HDL and an increase in
glucose, cholesterol, triglycerides, and LDH.
Hyperinsulinemia and dysregulated insulin
production are intimately linked to persistently
high blood insulin levels in type 2 diabetes
[29]. According to a correlation between
salivary 1-25dihydroxycholecalciferol and IL-
17A levels throughout orthodontic treatment
stages, vitamin D administration may hasten



tooth movement with little harm to
surrounding tissue [30].

Streptozotocin induction alters beta cell
activity and leads to an aberrant structure of
insulin that ultimately prevents it from binding
to insulin receptors in target organ cells. This
may open the door to lessening the insulin
receptor’s ability to bind to insulin receptor
substrates, which in turn may lessen the
activity of downstream signalling pathways
like PI3K, Akt, and AS 160. Reduced GLUT4
transporter translocation ultimately results in
decreased glucose absorption and decreased
glucose metabolism [31]. To maintain normal
blood glucose levels, insulin normally controls
glycolysis and gluconeogenesis, which starts
the uptake and oxidation of glucose in
peripheral organs including muscle and
adipose cells [32]. Under diabetes conditions,
alterations in glucose oxidation in metabolic
organs lead to frequent fluctuations in the
activity of enzymes associated with these
pathways, which in turn cause insulin
resistance in these organs [33]. The two main
enzymes involved in gluconeogenesis are
fructose-1,6 bisphosphatase and glucose-6-
phosphatase. Since insulin normally acts as a
suppressor of gluconeogenic enzymes, the
state of insulin shortage is the cause of the
activation of these enzymes. Higher blood
glucose levels result from increased
gluconeogenic enzyme activity in type 2
diabetes (T2DM) since it creates hydrogen and
mixes with NADP+ to form NADPH and
enhance lipogenesis [34]. In our investigation,
we observed that the gastrocnemius muscles of
diabetic rats had considerably higher amounts
of fructose-1,6 bisphosphonates and glucose-
6-phosphatase. In this study, we found that
giving hesperidin to experimental rats with
high-fat diets and streptozotocin-induced type
2 diabetes increased their insulin sensitivity in
the skeletal muscle. By increasing the activity
of glucokinase, phosphorylating insulin
receptor (IR) and phosphoinositide-dependent
kinase 1 (PDKZ1), and lowering the activity of

glucose-6-phosphatase and
phosphoenolpyruvate carboxykinase in the
liver, hesperidin has been found to regulate
glycolysis and gluconeogenesis. Hesperidin
boosted glucose absorption in primary rat
adipocytes in a cell-based experiment. By
stimulating the IR/PDK1 pathway, it is noted
that the powerful preventative impact of
hesperidin  against HFD-induced insulin
resistance. Glycolysis generally affects insulin
secretion as well as several cell metabolic
activities. Key glycolysis enzymes HK and PK
deficiencies can cause decreased glycolysis as
well as decreased absorption and utilization of
glucose for energy production, which can
result in insulin resistance [35]. Due to
defective insulin signalling, HK and PK were
reduced in diabetic rats produced with
streptozotocin and a high-fat diet in the current
study. When compared to the metformin
group, the treatment of Hesperidin increased
the levels of these glycolytic enzymes in the
skeletal muscle of diabetic rats. The
phytocompound coumarin likewise exhibited a
comparable characteristic, raising the amounts
of glycolytic enzymes in diabetic rats relative
to the control group [36]. Similarly, increased
levels of glycolytic enzymes  were
demonstrated in the skeletal muscle of
diabetics due to flavonoids [37].

Hesperidin therapy improved HG-induced
insulin resistance by decreasing oxidative
stress and mitochondrial dysfunction, in part
by inhibiting the silencing of miR-149
mediated by DNMT1 [38]. Our study showed
a significant increase in methylation levels in
the STZ-induced diabetic group compared to
the control group, indicating the impact of
diabetes on the methylation of these specific
gene promoters. This hypermethylation
suggests a potential disruption in insulin
signaling and impaired glucose metabolism
associated with diabetes.

Insulin signaling, mostly through its effects
on metabolic organs, is essential for regulating
several physiologic processes, including



glucolipid homeostasis [39]. Insulin binding to
the insulin receptor causes [-subunit tyrosine
autophosphorylation, which phosphorylates
additional substrates and initiates a signalling
cascade to oxidize glucose for energy
production. Insulin resistance may result from
disruptions in various signalling pathways
[40]. By altering glucose and lipid
homeostasis, a high-fat diet interferes with
insulin  signalling, altering the usual
functioning of insulin signalling molecules and
leading to insulin resistance [41]. In particular,
insulin signalling molecule change may be
more pronounced in skeletal muscle—where
80% of glucose oxidation occurs—than in
other organs including the liver and adipose
tissue.

Insulin signalling pathways heavily rely on
IRS-1, which is exclusive to peripheral tissues
like skeletal muscle and adipose tissue.
Diabetes results from inefficient insulin
binding to the insulin receptor, which causes
IRS-1 to be phosphorylated on the serine
rather than the tyrosine kinase, which reduces
IRS-1 activation and reduces the activity of
downstream insulin signaling molecules like
P13 kinase, Akt, and AS160 [42]. The activity
of Hesperidin on insulin signalling molecules,
such as IRS-1, in the skeletal muscle of rats
with high-fat diets and streptozotocin-induced
rats shows that in comparison to the control
group, the diabetic group had decreased levels
of IRS-1 mMRNA. Reduced activity of IRS-1
could result from changes in gluconeogenic
and glycolytic processes.

Reduced binding of the insulin receptor to
IRS-1  may result from  modified
gluconeogenic and glycolytic enzyme activity,
which in turn may have led to diminished IRS-
1 activity. As a result, there was less Akt
activation. In diabetic skeletal muscle, study
by Zang et al revealed that fucoxanthin
treatment increased IRS-1 mRNA levels [43].
In T2DM skeletal muscle, Folium Mori led to
increased levels of IRS-1 gene expression
[44]. When compared to metformin, the

Hesperidin therapy increased IRS-1 levels and
demonstrated the mechanism behind its
antidiabetic effects. We also observed the
Effect of hesperidin on kidney function
markers in STZ-induced Type-2 diabetic rats
where the effect of Hesperidin on Urea and
Creatinine were noted respectively. Both Urea
and Creatinine levels show a significant
increase in the Diabetic group than the
diabetes with Hesperidin treated and Diabetes
with Metformin treated and control groups
[45].

We noted the Effect of hesperidin on
oxidative stress markers H.O, and LPO in the
gastrocnemius muscle of STZ-induced Type-2
diabetic rats. By comparing the control and
treated group, we noted that both H.O, and
LPO levels show a significant increase in the
Diabetic group than the diabetes with
Hesperidin  treated and Diabetes with
Metformin treated and control groups. We
noted the Effect of hesperidin on antioxidant
enzymes (SOD and CAT) in the
gastrocnemius muscle of STZ-induced Type-2
diabetic rats. By doing a comparison between
the control and treated group, we could notice
that both SOD and CAT levels show a
significant increase in the Diabetic group than
diabetes with Hesperidin Treated and Diabetes
with Metformin treated and control groups
[46]. We also studied the Effect of hesperidin
on Munc 18 mMRNA expression in the
gastrocnemius muscle of STZ-induced Type-2
diabetic rats. The Untreated groups show a
lower value of Diabetes than the treated and
control for Muncl8 mRNA expression in
skeletal muscle. Increased IRS-1 degradation
was shown in the fatty tissue of a type -2
diabetic mouse model by Wang et al., who
also proposed that impaired glucose uptake
was caused by malfunctioning GLUT4 [47].

Using  methyl-specific PCR, DNA
methylation patterns were investigated, with
an emphasis on CpG islands. Gene promoters
are often the locations of CpG islands, regions
of the genome where CpG dinucleotides



accumulate and employ epigenetic regulation
to modify gene expression. Methyl-specific
PCR is a technique used by researchers to
analyse the methylation state of CpG islands
by amplifying specific DNA sequences that
are methylated or unmethylated. This
technique advanced our understanding of the
role of epigenetic modifications and gene
regulation by illuminating the connection
between DNA methylation and gene activity
through the analysis of CpG island
methylation.

In this investigation, the promoter regions
of the GLUT4, Akt, and IR genes in diabetic
rats treated with STZ and the control group
showed CpG island methylation. The
outcomes demonstrated that STZ stimulated
the group. Compared to the diabetic control
rats, the injection of hesperidin significantly
lowered the methylation levels in the CpG
islands of the GLUT4, Akt, and IR genes.
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