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ABSTRACT

Background: Diabetes mellitus is a persistent metabolic condition that has emerged as a major
public health issue globally. The prevalence of diabetes has been rapidly increasing, posing a
major challenge to global healthcare systems. Objectives: The present work was aimed at
investigating the anti-diabetic roles of the eupatorin against Streptozotocin (STZ)-induced rat
model. Materials and Methods: The rats received 55 mg/kg of STZ to induce diabetes and were
then treated with eupatorin for 15 days. At the end of treatments, the blood glucose concentration
of experimental rats was evaluated. The biomarkers for renal impairment, including urea and
creatinine, serum concentrations of liver marker enzymes, serum levels of lipid profile parameters
and oxidative stress markers were assessed with commercial assay kits. The pancreas, liver and
kidneys of the rats were subjected to histological studies to assess histological alterations.
Results: The current findings demonstrated that eupatorin treatment significantly decreased the
blood glucose, urea and creatinine concentrations in the serum of diabetic rats. The eupatorin
treatment also reduced the serum concentrations of liver marker enzymes, regulated the lipid
profile parameters and mitigated the oxidative stress via up-regulating antioxidants in the rats
with STZ-induced diabetes. Moreover, the findings of histological analyses show that eupatorin
treatment can protect vital organs from diabetes-induced histopathological alterations in
diabetic rats. Conclusion: The current findings indicate that eupatorin may significantly mitigate
diabetic conditions and its associated difficulties in STZ-induced rats. Consequently, the current
data suggest that eupatorin may serve as an effective therapeutic alternative for diabetes
management.
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INTRODUCTION

Diabetes mellitus is a collection of metabolic abnormalities
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marked by increased blood glucose levels, stemming from the
body's incapacity to generate or efficiently utilize insulin, the
hormone that regulates blood sugar. This condition is categorized
into two primary types: type-1 diabetes, characterized by the
immune system's destruction of pancreatic beta cells resulting
in total insulin deficiency and type-2 diabetes, which develops
when the body's cells exhibit resistance to insulin, referred to
as insulin resistance.! The global prevalence of diabetes has
increased, with around 451 million persons affected in 2017. The
Figure is anticipated to rise to 693 million by 2045 if efficacious
preventative strategies are not adopted. The disease prevalence is
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higher in urban populations compared with rural populations,
while the distribution between genders appears to be similar.
The primary causes of diabetes mellitus are complex and
multifactorial. Lifestyle variables, including inadequate nutrition,
lack of physical activity and obesity, significantly contribute to
the onset of type-2 diabetes. Additionally, genetic predisposition
and autoimmune processes play an essential role in the onset of
type-1 diabetes.?

Diabetes mellitus imposes a considerable burden on persons,
healthcare systems and society. Individuals with diabetes face
a high risk of developing various comorbidities, including
cardiovascular disease, kidney disease, neuropathy and vision
impairment, which can remarkably influence their quality of
life and lifespan.* The pathophysiology of type-2 diabetes is
complicated and significantly influenced by both hereditary and
environmental factors. In response to ongoing insulin resistance,
pancreatic (-cells initially augment their mass and functionality
to meet the heightened insulin requirements.* Nevertheless,
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as nutrient surplus persists, hyperglycemia and heightened
free fatty acids adversely affect B-cell functionality via multiple
mechanisms, such as the production of ROS, modifications in
metabolic pathways, escalations in intracellular calcium and
the induction of endoplasmic reticulum stress. These activities
ultimately hinder insulin production, reduce insulin gene
expression and induce B-cell death, hence worsening the existing
insulin resistance and facilitating the advancement of type-2
diabetes.®

The treatment for type-2 diabetes consists of lifestyle
modifications, such as diet and exercise, followed by the
introduction of oral anti-diabetic agents and exogenous insulin
administration. Lifestyle interventions, including a healthy diet
and regular exercise, are the first-line approach to managing
hyperglycemia and reducing the risk of diabetic complications.®
When diet and exercise alone are insufficient to control blood
glucose levels, patients are often prescribed oral anti-diabetic
medications. These drugs include metformin, sulfonylureas,
dipeptidyl peptidase-4 inhibitors and incretin mimetics, each
with its mechanisms of action and potential side effects.”
Additionally, the long-term utilization of these medications
can be accompanied by side effects, like hypoglycemia,
gastrointestinal issues and even hepatorenal disorders.® In
light of the limitations of current treatment options, the use
of plant-based bioactive compounds has appeared as a useful
complementary method to manage type 2 diabetes. Medicinal
plants and their derived phytochemicals have been broadly
explored for their anti-diabetic effects. These natural compounds
were shown to modulate various pathways that participated
in the pathophysiology of type 2 diabetes, including insulin
resistance, B-cell function and glucose homeostasis.” Eupatorin,
a 3’,5-dihydroxy-4’,6,7-trimethoxyflavone is a major bioactive
polymethoxyflavone compound present in the Orthosiphon
stamineus. The various biological properties of the eupatorin
were already well reported, including antitumor, antimicrobial
and anti-inflammatory, neuroprotective, antioxidant and
vasorelaxant activities.'*!* However, the anti-diabetic properties
of the eupatorin was not reported yet. Therefore, this work was
designed to examine the anti-diabetic roles of the eupatorin

against Streptozotocin (STZ)-induced rat model.

MATERIALS AND METHODS

Experimental rats

The eight-week-aged (210-225 g) Wistar rats were employed
in this research. The rats were maintained in sterile enclosures
under laboratory settings, with a temperature range of 21+2°C,
humidity levels of 60-70% and a 12 hr alternating light and dark
series. Animals were granted free access to standard feed and
water during the research.
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Experimental groups

Following a one-week acclimatization period, the rats were
distributed into four groups. Group I: non-diabetic control rats
administered only standard feed; Group II: rats administered
STZ at a dosage of 55 mg/kg to produce the diabetic condition.
After a three-day administration of STZ, blood glucose
concentration was evaluated and rats demonstrating glucose
levels over 250 mg/dL were defined as diabetic and chosen for
subsequent investigations. Group III: rats were stimulated with
STZ and subsequently administered 10 mg/kg of glibenclamide,
a standard anti-diabetic drug for 15 days. Group IV: rats were
stimulated with STZ and administered with eupatorin (20 mg/
kg) (Sigma-Aldrich USA) for 15 days. On the concluding day,
rats were sedated with an overdose of isoflurane and sacrificed
via cervical dislocation. The blood samples were collected and
centrifuged at 5000 rpm for 15 min, with serum samples stored at
4°C for biochemical studies. The tissue samples were excised for
histological and biochemical analyses.

Analysis of blood glucose levels

Blood samples were obtained in the fed condition via cardiac
puncture and transferred to plain tubes for serum collection,
remaining undisturbed for 15 min before centrifugation at 10,000
rpm for 10 min. Glucose concentrations in serum samples were
assessed utilizing the GOD-PAP colorimetric method as per the
manufacturer's protocol (Elabscience, USA).

Analysis of biochemical markers

The serum concentrations of urea and creatinine were assessed
using commercial diagnostic kits. The tests were conducted
with three replicates following the assay kit manufacturer's
specifications (Abcam, USA). The serum concentrations of
liver marker enzymes, including Alanine Transaminase (ALT),
Alkaline Phosphatase (ALP) and Aspartate Transaminase (AST)
were studied using commercial kits. Each assay was conducted
in triplicates with the specifications of the kit's manufacturer
(MyBioSource, USA).

Analysis of lipid profile markers

The serum concentrations of lipid parameters Triglycerides (TG),
Total Cholesterol (TC), High-Density Lipoprotein (HDL) and
Low-Density Lipoprotein (LDL) were studied using commercially
procured diagnostic kits (Elabscience, USA).

Analysis of oxidative stress markers

The harvested liver tissues were homogenized in iced saline and
thereafter subjected to centrifugation for 15 min. The resulting
supernatant was employed to assess the Superoxide Dismutase
(SOD), Catalase (CAT), Glutathione (GSH) and Malondialdehyde
(MDA) concentrations were assessed using the kits. The tests
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were conducted in triplicate using the manufacturer's prescribed
methods (Elabscience, USA).

Histopathological analysis

Post-surgical excision, the pancreas, liver and kidney tissues were
treated with formalin (10%) solution. Subsequently, the graded
ethanol was utilized for tissue dehydration and then embedded
in paraffin. The paraflinized tissues were cut to 5 um size utilizing
a rotary microtome. Eosin and hematoxylin were utilized for

staining the tissues before microscopic examination.

Statistical analysis

The data from each assay was revealed as a mean+SD from three
replicates, which is studied using GraphPad. A one-way ANOVA
and Tukey's post hoc test were utilized to examine the significance,

with p<0.05 as significance.

RESULTS

Effect of eupatorin on blood glucose in experimental
rats

The impact of eupatorin on the blood glucose concentration
in the experimental rats was assessed on the 1%, 7" and 16
day of experiments, with results presented in Figure 1. The rats
with STZ-induced diabetes revealed a significant increase in
the glucose level. Interestingly, the treatment with 20 mg/kg of
eupatorin considerably diminished the glucose concentrations in
the diabetic rats. The effects of eupatorin were further supported
by the findings of the glibenclamide (10 mg/kg) treatment, which

similarly decreases the glucose concentration in diabetic rats.
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Effect of eupatorin on urea and creatinine levels in
experimental rats

Figure 2 illustrates the serum urea and creatinine concentrations
of the experimental rats. The diabetic rats revealed a remarkable
elevation in both creatinine and urea concentrations. Whereas,
the eupatorin at 20 mg/kg concentration exhibited a considerable
reduction in urea and creatinine concentrations in the diabetic
rats. The standard drug glibenclamide (10 mg/kg) also
considerably reduced urea and creatinine concentrations in
diabetic rats, so further validating the efficacy of eupatorin.

Effect of eupatorin on hepatic marker enzymes in
experimental rats

The serum concentrations of hepatic marker enzymes in the rats
were studied and the findings are illustrated in Figure 3. The
rats with diabetes demonstrated significant augmentations in
ALT, ALP and AST concentrations in comparison to the control.
Whereas, the treatment of 20 mg/kg of eupatorin remarkably
diminished the ALT, ALP and AST concentrations in diabetic
rats. The results of the eupatorin treatment were supported by the
findings of glibenclamide (10 mg/kg) treatment, which similarly
decreased the liver marker enzyme concentrations.

Effect of eupatorin on lipid parameters in
experimental rats

The present findings demonstrated that the rats with STZ-induced
diabetes displayed elevated TG, TC and LDL concentrations,
along with a decreased HDL concentration in their serum
(Figure 4). Interestingly, the 20 mg/kg of eupatorin treatment
demonstrated a notable diminution in the TG, TC and LDL
levels and an elevation in HDL levels in the serum of diabetic
rats. Furthermore, glibenclamide (10 mg/kg) treatment also
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Figure 1: Effect of eupatorin on blood glucose level in the experimental rats. The findings are given as a mean=SD of triplicate
assays. A one-way ANOVA and Tukey’s post hoc tests were employed to assess the statistical significance. Note: *' specifies
statistical significance at p<0.01 relative to the control (Group |); ‘#' specifies statistical significance at p<0.05 relative to the

STZ-induced diabetic group (Group Il). STZ: Streptozotocin; GLIB: Glibenclamide.
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Figure 2: Effect of eupatorin on the urea and creatinine levels in the experimental rats. The findings are given as a mean+SD of triplicate assays.
A one-way ANOVA and Tukey’s post hoc tests were employed to assess the statistical significance. Note: *’ specifies statistical significance at
p<0.01 relative to the control (Group I); ‘# specifies statistical significance at p<0.05 relative to the STZ-induced diabetic group (Group l). (a): Urea
(mg/dL); (b): Creatinine (mg/dL); STZ: Streptozotocin; GLIB: Glibenclamide.
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Figure 3: Effect of eupatorin on the liver marker enzymes in the experimental rats. The findings are given as a mean=SD of triplicate
assays. A one-way ANOVA and Tukey's post hoc tests were employed to assess the statistical significance. Note: *’ specifies statistical
significance at p<0.01 relative to the control (Group I); ‘#' specifies statistical significance at p<0.05 relative to the STZ-induced diabetic
group (Group ll). (a): ALT (U/L); (b): ALP (U/L); (c): AST (U/L); STZ: Streptozotocin; GLIB: Glibenclamide.
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diminished the TG, TC and LDL concentrations and elevated the
HDL level in the serum of diabetic rats, consequently supporting
the activity of eupatorin.

Effect of eupatorin on oxidative stress markers in
experimental rats

The current findings indicated that rats with STZ-induced
diabetes exhibited reduced antioxidants SOD, CAT and GSH
concentrations and a subsequent elevation in MDA in the liver
tissues (Figure 5). Whereas, the eupatorin (20 mg/kg) treatment
considerably augmented the antioxidants SOD, CAT and GSH
levels while diminishing MDA levels in diabetic rats. Moreover,
the glibenclamide (10 mg/kg) also increased the antioxidants
and reduced the MDA in diabetic rats, thereby reinforcing the
antioxidant properties of eupatorin.

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

Figures 6-8 illustrate the results of a histological assessment of
the pancreas, liver and renal tissues of the experimental rats,
respectively. The pancreas, liver and kidney tissues from the
non-diabetic control rats exhibited no changes and demonstrated
usual cell structures. Conversely, the pancreatic tissue of
STZ-induced diabetic rats exhibited increased inflammatory
cell infiltrations, constriction of islet cells and enlarged adipose
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tissue (Figure 6). The livers of the diabetic rats revealed marked
inflammatory cell infiltrations and hepatocyte injury (Figure 7).
Furthermore, the kidneys of the diabetic rats exhibited damaged
glomerular architecture, vacuolar degeneration and increased
inflammatory cell infiltrations (Figure 8). Captivatingly, these
histological changes in the pancreas, liver and kidney tissues
caused by STZ were significantly alleviated by the 20 mg/kg
of eupatorin, as demonstrated by the reduction in pancreatic
damages, adipose tissue size, inflammation, hepatocyte injury
and glomerular damages. Similar results were also observed in
the glibenclamide (10 mg/kg) treatment, which supports the
therapeutic effects of eupatorin.

DISCUSSION

Diabetes mellitus is a common and debilitating metabolic
condition marked by chronic hyperglycemia, which can result in
numerous serious consequences if not managed promptly. One
crucial aspect of diabetes management is the close monitoring
and control of blood glucose levels. STZ-induced diabetes, a
widely used animal model for studying the pathophysiology and
treatment of the disease, provides a useful platform to investigate
the importance and applications of blood glucose analysis."”” The
analysis of blood glucose in the STZ-induced diabetes model is
crucial for numerous applications. It offers a reliable model of
the successful induction of the diabetic state, as STZ treatment

b
150+ *
# #
—~ 1004 ale
-
T
[=)
E
~ 504
04
Control STZ GLIB  Eupatorin
d
60 *
#
0 # T
-
3
=)
£
= 20
0
Control STZ GLIB Eupatorin

Figure 4: Effect of eupatorin on the lipid profiles in the experimental rats. The findings are given as a mean%SD of
triplicate assays. A one-way ANOVA and Tukey’s post hoc tests were employed to assess the statistical significance.
Note: * specifies statistical significance at p<0.01 relative to the control (Group I); ‘# specifies statistical
significance at p<0.05 relative to the STZ-induced diabetic group (Group l). (a): TG (mg/dL); (b): TC (mg/dL); (c):
HDL-C (mg/dL); (d): LDL-C (mg/dL); STZ: Streptozotocin; GLIB: Glibenclamide.
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Figure 5: Effect of eupatorin on the oxidative stress markers in the experimental rats. The findings are given as a
mean=SD of triplicate assays. A one-way ANOVA and Tukey’s post hoc tests were employed to assess the statistical
significance. Note: * specifies statistical significance at p<0.01 relative to the control (Group I); # specifies statistical
significance at p<0.05 relative to the STZ-induced diabetic group (Group Il). (a): SOD (U/mg protein); (b): CAT (U/mg
protein); (c): GSH (nM/g tissue); (d): MDA (nM/mg tissue); STZ: Streptozotocin; GLIB: Glibenclamide.
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Figure 6: Effect of eupatorin on the pancreas tissue histopathology of the experimental rats.
Control: The pancreas tissues from the healthy control rats demonstrated normal cellular
architecture. STZ: The pancreas of STZ-induced diabetic rats exhibited increased infiltration
of inflammatory cells, constriction of pancreatic islet cells and enlarged adipose tissue. GLIB
and Eupatorin: The treatment with 10 mg/kg of glibenclamide and 20 mg/kg of eupatorin,
respectively ameliorated the STZ-induced histological damage in the pancreas tissues of diabetic
rats. STZ: Streptozotocin; GLIB: Glibenclamide.

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3, Jul-Sep, 2025

1165



Farasani and Abdelwahab.: Eupatorin Attenuates STZ-Induced Diabetic Rats

is known to selectively damage pancreatic B-cells, resulting in
a significant elevation in blood glucose levels.' The continuous
monitoring of blood glucose concentrations in STZ-induced
diabetic models allows for the evaluation of the efficacy of
various therapeutic interventions. By closely tracking the changes
in blood glucose levels, researchers can assess the impact of
treatments, such as insulin administration, dietary modifications,
or novel pharmacological agents, on glycemic control. This
data is crucial to developing and optimizing effective diabetes
management techniques.”” It has been found that found that
STZ-induced diabetic rats exhibited a range of characteristic
symptoms, including decreased body weight, accompanied
by significantly elevated glucose levels. These data suggest the
significance of blood glucose analysis in verifying the successful
induction of the diabetic state and monitoring the progression of
the disease.’ In this work, we found that rats with STZ-induced
diabetes demonstrated elevated glucose concentrations. However,
the eupatorin treatment appreciably diminished the glucose
concentrations in diabetic rats, which evidences its hypoglycemic
activity.

Diabetes mellitus often leads to various microvascular and
macrovascular difficulties. Diabetic kidney disease is a major
consequence of diabetes that can advance to end-stage renal
failure. Monitoring serum urea and creatinine levels in persons

P L

BW).

Eupatorin (20 mg/kg

with diabetes is essential for the early detection and treatment of
diabetic kidney disease.'” Urea and creatinine are two important
biomarkers that reflect the function of the kidneys. Urea is a
by-product of protein metabolism and its concentration in the
blood is affected by dietary protein consumption, hepatic activity
and renal filtration rate. Creatinine, on the other hand, is a
by-product of muscle metabolism and is primarily filtered out by
the kidneys. Inindividuals with diabetes, the creatinine and urea in
the serum can provide valuable insights into the onset of diabetic
kidney disease.?® The analysis of creatinine and urea levels in the
serumof STZ-induced diabeticanimal models can help researchers
understand the pathophysiology of diabetic kidney disease and
evaluate the effectiveness of potential therapeutic interventions.?
The urea and creatinine concentrations are typically augmented
in diabetic animals than the non-diabetic counterparts, indicating
the presence of impaired kidney function.”? Furthermore, the
degree of creatinine and urea concentrations can be correlated
with the severity of diabetic kidney disease, providing valuable
information for disease monitoring and treatment. Similarly,
the current findings also demonstrated the drastic elevation in
the serum concentrations of urea and creatinine in diabetic rats.
Fascinatingly, the eupatorin treatment exhibited a considerable
reduction in both urea and creatinine concentrations in the
diabetic rats. The findings evidence that eupatorin can protect
kidney functions during diabetic conditions.

Figure 7: Effect of eupatorin on the liver tissue histopathology of the experimental rats. Control: The
liver tissues from the healthy control rats demonstrated normal cellular arrangements. STZ: The livers of
the STZ-induced diabetic rats displayed significant inflammatory cell infiltrations and hepatocyte injury.

GLIB and Eupatorin: The glibenclamide (10 mg/kg) and eupatorin (20 mg/kg) treatments, respectively
considerably reduced the STZ-induced histological changes in the liver tissues of diabetic rats. STZ:
Streptozotocin; GLIB: Glibenclamide.
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Eupatorin (20 mg/kg BW).

Diabetic control (DC)
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Figure 8: Effect of eupatorin on the kidney tissue histopathology of the experimental rats. Control: The kidney tissues
from the healthy control rats displayed normal cell structures. STZ: The kidney tissues from the STZ-induced diabetic
rats displayed damaged glomerular architecture, vacuolar degeneration and increased inflammatory cell infiltrations.
GLIB and Eupatorin: The treatments with glibenclamide (10 mg/kg) and eupatorin (20 mg/kg), respectively
demonstrated a remarkable reduction in the STZ-induced histological changes in the kidney tissues of diabetic rats.
STZ: Streptozotocin; GLIB: Glibenclamide.

The analysis of specific liver marker enzymes is crucial for the
understanding of metabolic and physiological changes associated
with diabetic conditions. ALT is an enzyme primarily found in
the liver and is considered a sensitive marker for hepatocellular
injury. In STZ-induced diabetes, elevated levels of ALT have
been observed, indicating the presence of liver damage or
dysfunction. This elevation in ALT can be due to the disruption
of normal liver function and the release of the enzyme into the
bloodstream.”® ALP, another liver marker enzyme, has also been
shown to be elevated in STZ-induced diabetes. ALP levels reflect
the integrity of bile ducts and the overall status of liver function.
AST, a marker of both liver and muscle damage, is often elevated
in diabetic conditions, including STZ-induced diabetes.** The
analysis of these liver marker enzymes in diabetic models can
provide valuable insights into the pathophysiology of the disease.
For instance, the increased ALT, ALP and AST can indicate the
presence of hepatic complications related to diabetes, such as
liver inflammation and impaired liver function.” Furthermore,
monitoring the changes in these liver enzymes over time
can help researchers understand the onset of disease and the
potential development of liver-associated problems in diabetic
conditions. Analyzing liver marker enzymes in STZ-induced
diabetes can also have important applications in the development

Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3, Jul-Sep, 2025

of new therapeutic interventions. Additionally, the use of liver
enzyme markers can aid in the early detection and monitoring
of diabetes-related liver complications, allowing for timely
interventions and improved patient management.? The findings
of this work indicated that the serum concentrations of liver
marker enzymes, including ALT, AST and ALP were drastically
increased in the serum of diabetic rats. Considerably, the
eupatorin treatment reduced these enzyme concentrations in the
diabetic rats. These findings evidenced that eupatorin treatment
can maintain hepatic homeostasis and prevent hepatocellular
injury during diabetes.

Dyslipidemia, defined by aberrant lipid and lipoprotein levels in
the bloodstream, is a prevalent complication linked to diabetes
and significantly contributes to the disease's pathogenesis.
Dyslipidemia, marked by raised TG, reduced HDL and an
elevation in LDL, is a prevalent characteristic of insulin resistance
and diabetes. This dyslipidemic profile is thought to be driven
by insulin resistance, which leads to increased hepatic LDL
production and decreased clearance of TG-rich lipoproteins. In
the context of diabetes, understanding the changes in these lipid
profile parameters is essential to understanding the advancement
of the disease and guiding clinical management.” TGs are lipids
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that are stored in the body's adipose tissue and used as an energy
source. In diabetic conditions, the increased TG levels can be
attributed to the impaired regulation of lipid metabolism due
to insulin deficiency or resistance. TC, on the other hand, is a
measure of the overall cholesterol levels in the blood, including
both LDL and HDL. In diabetic conditions, TC levels have been
shown to increase, reflecting the dysregulation of cholesterol
metabolism.*® LDL is known as the "bad" cholesterol, as it
develops the plaque in the arteries, resulting in the development
of cardiovascular diseases. The LDL levels have been observed
to increase in the diabetic condition, further exacerbating the
risk of cardiovascular problems. HDL, commonly known as the
"good" cholesterol, plays an essential role in the reverse transport
of cholesterol from the tissues to the liver for excretion. HDL
levels have been reported to decrease in diabetic conditions,
indicating an impairment in the protective mechanisms against
cardiovascular disease.” The alterations in lipid metabolism
can participate in the onset of diabetic complications, like
diabetic retinopathy, nephropathy and cardiovascular disease,
highlighting the importance of monitoring and managing lipid
profiles in diabetes management.*® The results of this study also
exhibited that the STZ-induced diabetic rats exhibited elevated
TG, TC and LDL, along with a diminished HDL concentration in
their serum. Captivatingly, the eupatorin treatment appreciably
diminished the TG, TC and LDL and augmented the HDL
concentration in diabetic rats. The current findings evidenced the
antilipidemic properties of the eupatorin.

Oxidative stress is known as a disproportion between the
production of free radicals and the neutralizing capacity of the
body's antioxidant defense systems. Hyperglycemic circumstances
result in the overproduction of ROS, which can cause oxidative
injury to cellular proteins, lipids and DNA, so facilitating the
onset of diabetic complications, including cardiovascular disease,
neuropathy, nephropathy and retinopathy.” The pathophysiology
of insulin resistance, a hallmark of type-2 diabetes, has also been
closely linked to oxidative stress. Oxidative stress can impair
insulin signaling pathways, leading to decreased glucose uptake
in peripheral tissues and facilitate insulin resistance. In addition
to the direct cellular damage caused by free radicals, oxidative
stress also plays a role in the activation of numerous metabolic
signals that participate in the onset of diabetic complications.*
The primary antioxidants, such as SOD, CAT and GSH, are often
altered during diabetic conditions, contributing to the onset
of oxidative stress. SOD is responsible for the conversion of
superoxide radicals to H,O,, while CAT catalyzes the breakdown
of H,0, to water and oxygen. GSH plays an essential role in the
neutralization of ROS and in maintaining the cellular redox
balance. In addition to these primary antioxidants, MDA, a
marker of lipid peroxidation, is commonly utilized to study
the degree of oxidative stress in diabetic conditions.” The liver
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is one of the primary organs that can be significantly impacted
by the metabolic disturbances associated with diabetes. One of
the hallmarks of diabetes-induced liver damage is the alteration
of key antioxidant enzymes and metabolites.’* The analysis of
these parameters in diabetic animals can offer useful insights
into the underlying mechanisms of diabetes-associated hepatic
dysfunction.” Similarly, the present results demonstrated that
STZ-induced diabetic rats exhibited diminished SOD, CAT and
GSH concentrations and a subsequent elevation in MDA levels in
the liver tissues. Fascinatingly, the eupatorin treatment markedly
elevated the antioxidant concentrations while reducing the MDA
level in diabetic rats. These data suggest that eupatorin treatment
mitigates oxidative stress and maintains hepatic homeostasis
in diabetic rats. Captivatingly, these histological changes in the
tissues caused by STZ were significantly alleviated by the 20 mg/
kg of eupatorin, as demonstrated by the reduction in pancreatic
damage, adipose tissue size, inflammation, hepatocyte injury and
glomerular damage.

CONCLUSION

The present results indicate that eupatorin may significantly
mitigate diabetic conditions and their associated difficulties
in STZ-induced diabetic rats. The treatment with eupatorin
significantly reduced glucose, urea, creatinine and liver marker
enzyme concentrations in the diabetic rats. Additionally, the
eupatorin treatment regulated the lipid parameters and mitigated
oxidative stress by subsequently elevating antioxidants in diabetic
rats. Moreover, histological analyses of the pancreas, liver and
kidney tissues show that eupatorin treatment can protect vital
organs from diabetes-induced histological changes. Consequently,
the present data highlight that eupatorin may serve as an effective
therapeutic alternative for diabetes management.
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ABBREVIATIONS

STZ: Streptozotocin; ALT: Alanine Transaminase; ALP: Alkaline
Phosphatase; AST: Aspartate Transaminase; TG: Triglycerides;
TC: Total Cholesterol; HDL: High-Density Lipoprotein; LDL:
Low-Density Lipoprotein; SOD: Superoxide Dismutase; CAT:
Catalase; GSH: Glutathione; MDA: Malondialdehyde.
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