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ARTICLE INFO ABSTRACT

Published: 5 Nov 2026 Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyper-
Keywords: glycemia, resulting from defects in insulin secretion, insulin action, or both. The present
Diabetes mellitus, Type 2 study was designed to evaluate the antidiabetic and antioxidant activity of the ethanolic
Diabetes Mellitus, Thespesia extract of Thespesia populnea in streptozotocin (STZ)-induced diabetic rats.Diabetes
populnea, Streptozotocin was induced in Wistar albino rats by a single intraperitoneal injection of streptozotocin
(STZ), Antidiabetic activity, (50 mg/kg). Diabetic animals were treated with ethanolic extract of Thespesia populnea
Antioxidant activity, Free at two different doses (200 and 400 mg/kg, p.o.) for 21-28 days. Metformin (100 mg/
]r;gilcal scavenging kg, p.o.) was used as the standard drug. The antidiabetic activity was assessed by eval-

uating fasting blood glucose, oral glucose tolerance test, serum insulin level, and lipid
10.5281/zenodo.23973452 profile parameters. In vitro antioxidant activity was determined using superoxide, nitric
oxide, hydrogen peroxide, hydroxyl radical, and DPPH scavenging assays.The results
revealed that the ethanolic extract significantly reduced fasting blood glucose levels,
improved glucose tolerance, and increased serum insulin levels in a dose-dependent
manner. The extract also improved lipid profile parameters by reducing total cholesterol,
triglycerides, LDL, and VLDL levels while increasing HDL levels. Furthermore, the
extract exhibited strong antioxidant activity against various free radicals in a dose-de-
pendent manner, indicating potent free radical scavenging potential. The observed
pharmacological effects may be attributed to the presence of bioactive phytoconstituents
such as flavonoids, phenolic compounds, tannins, and terpenoids. The findings suggest
that the ethanolic extract of Thespesia populnea possesses significant antidiabetic and
antioxidant properties and may serve as a potential natural therapeutic agent for the
management of diabetes mellitus and its
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associated complications. Further studies are required to
isolate the active compounds and elucidate the exact mech-
anism of action.

INTRODUCTION

Diabetes mellitus is a complex metabolic disorder
characterized by elevated blood glucose levels
resulting from defects in insulin secretion, insulin
action, or both. It has emerged as one of the most
significant global health challenges, affecting millions
of people worldwide. The prevalence of diabetes
continues to rise due to rapid urbanization, sedentary
lifestyles, unhealthy dietary habits, obesity, and genetic
predisposition. Persistent hyperglycemia associated
with diabetes leads to severe complications such as
nephropathy, neuropathy, retinopathy, cardiovascular
diseases, and impaired wound healing, thereby
increasing morbidity and mortality.According to the
World Health Organization, diabetes is among the
leading causes of death and disability worldwide. The
disease is primarily classified into Type 1 diabetes
mellitus, characterized by autoimmune destruction of
pancreatic 3-cells and absolute insulin deficiency, and
Type 2 diabetes mellitus, which is associated with
insulin resistance and relative insulin deficiency. Type
2 diabetes constitutes the majority of diabetes cases and
is strongly linked to lifestyle and environmental
factors.Several synthetic antidiabetic drugs, including
Metformin, Glibenclamide, and Acarbose, are
currently available for the management of diabetes.
Although these medications effectively control blood
glucose levels, their long-term use may be associated
with adverse effects such as hypoglycemia,
gastrointestinal disturbances, weight gain, and drug
resistance. Therefore, there is a growing interest in
exploring medicinal plants as alternative therapeutic
agents due to their efficacy, affordability, accessibility,
and lower incidence of side effects.

Medicinal plants contain a variety of bioactive phyto-
constituents such as flavonoids, alkaloids, phenolic
compounds, tannins, saponins, and terpenoids that have
been reported to possess antidiabetic properties. These
phytochemicals exert their effects through multiple
mechanisms, including stimulation of insulin secretion,
enhancement of peripheral glucose uptake, inhibition
of carbohydrate-digesting enzymes, reduction of
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oxidative stress, and protection of pancreatic B-cells.
Consequently, plant-based therapies have gained con-
siderable attention in the development of novel antidi-
abetic agents.Experimental evaluation of antidiabetic
activity is commonly performed using in vitro assays
such as a-amylase and a-glucosidase inhibition studies
and in vivo diabetic animal models induced by strep-
tozotocin (STZ) or alloxan. These models provide
valuable information regarding the hypoglycemic,
antihyperlipidemic, antioxidant, and pancreatic pro-
tective effects of test substances. Assessment of bio-
chemical parameters, oxidative stress markers, and
histopathological changes further helps elucidate the
mechanisms underlying the antidiabetic activity of
plant extracts [1-2].

Symptoms of Diabetes Mellitus
e Polyuria (Frequent urination)
e Polydipsia (Excessive thirst)
e Polyphagia (Excessive hunger)
e Unexplained weight loss
e Fatigue and weakness
e Blurred vision
e Dry mouth
e Dry and itchy skin
e Slow wound healing

e Frequent infections (skin, urinary tract, gum in-
fections)

e Numbness or tingling in hands and feet
e Burning sensation in extremities

e Increased susceptibility to infections

e Irritability and mood changes

¢ Difficulty concentrating

e Headache

e Dizziness

e Muscle weakness

e Nausea and vomiting (especially in uncontrolled
diabetes)

e Abdominal pain

e Fruity-smelling breath (in diabetic ketoacidosis)
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o Excessive sleepiness or drowsiness

e Recurrent fungal infections

e Night-time urination (Nocturia)

e Loss of energy and reduced physical performance

Types of Diabetes Mellitus

Diabetes mellitus is a group of metabolic disorders
characterized by chronic hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. It is
mainly classified into Type 1 diabetes mellitus, Type 2
diabetes mellitus, gestational diabetes mellitus, and
other specific types of diabetes. Type 1 diabetes melli-
tus is an autoimmune disorder caused by the destruc-
tion of pancreatic B-cells, leading to absolute insulin
deficiency and requiring lifelong insulin therapy. Type
2 diabetes mellitus is the most common form, charac-
terized by insulin resistance and impaired insulin se-
cretion, and is often associated with obesity, sedentary
lifestyle, and genetic factors. Gestational diabetes
mellitus develops during pregnancy due to hormonal
changes that affect insulin sensitivity and usually re-
solves after childbirth, although it increases the risk of
developing Type 2 diabetes later in life. Other specific
types of diabetes include those resulting from genetic
defects, pancreatic diseases, endocrine disorders, in-
fections, or the use of certain medications. Addition-
ally, prediabetes is a condition in which blood glucose
levels are higher than normal but not high enough to be
classified as diabetes, serving as an important risk fac-
tor for the future development of Type 2 diabetes mel-
litus. Together, these forms of diabetes represent a
significant global health burden and require appropri-
ate diagnosis and management to prevent long-term
complications [3].

1. Type 1 Diabetes Mellitus (T1DM)

Type 1 Diabetes Mellitus (T1DM) is a chronic au-
toimmune disorder characterized by the destruction of
insulin-producing B-cells of the pancreas, resulting in
an absolute deficiency of insulin. The exact cause of
T1DM is not fully understood, but genetic susceptibil-
ity and environmental factors such as viral infections
are believed to contribute to its development. This form
of diabetes commonly occurs in children, adolescents,
and young adults, although it can develop at any age.
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Due to the lack of insulin, glucose cannot effectively
enter the body's cells for energy production, leading to
elevated blood glucose levels. Common symptoms
include excessive thirst (polydipsia), frequent urination
(polyuria), increased hunger (polyphagia), unexplained
weight loss, fatigue, and blurred vision. If left un-
treated, Type 1 diabetes can result in serious compli-
cations such as diabetic ketoacidosis, which is a life-
threatening condition. Management of T1DM requires
lifelong administration of insulin along with regular
monitoring of blood glucose levels, dietary control, and
physical activity to maintain optimal glycemic control
and prevent complications.

2. Type 2 Diabetes Mellitus (T2DM)

Type 2 Diabetes Mellitus (T2DM) is the most common
form of diabetes, accounting for approximately 90—
95% of all diabetes cases worldwide. It is characterized
by insulin resistance, in which the body's cells fail to
respond effectively to insulin, along with a progressive
decline in pancreatic B-cell function that leads to inad-
equate insulin production. The development of T2DM
is influenced by various factors, including obesity,
physical inactivity, unhealthy dietary habits, aging, and
genetic predisposition. Unlike Type 1 diabetes, Type 2
diabetes usually develops gradually and is more com-
mon in adults, although its incidence among younger
individuals is increasing due to rising obesity rates.
Common symptoms include excessive thirst, frequent
urination, increased hunger, fatigue, blurred vision, and
delayed wound healing. Long-term uncontrolled dia-
betes can lead to serious complications such as cardio-
vascular diseases, nephropathy, and
retinopathy. Management of Type 2 diabetes involves
lifestyle modifications, including a balanced diet, reg-
ular physical activity, weight management, and phar-
macological treatment with oral hypoglycemic agents
such as Metformin or insulin when necessary. Early

neuropathy,

diagnosis and proper glycaemic control are essential to
prevent complications and improve the quality of life
of affected individuals [4].

3. Gestational Diabetes Mellitus (GDM)

Gestational Diabetes Mellitus (GDM) is a form of
diabetes that develops during pregnancy in women who
were not previously diagnosed with diabetes. It occurs
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when hormonal changes associated with pregnancy
impair the body's ability to utilize insulin effectively,
resulting in insulin resistance and elevated blood glu-
cose levels. GDM is usually diagnosed during the sec-
ond or third trimester of pregnancy through glucose
tolerance testing. Risk factors include obesity, ad-
vanced maternal age, family history of diabetes, previ-
ous history of gestational diabetes, and polycystic
ovary syndrome (PCOS). Most women with GDM may
not experience noticeable symptoms; however, uncon-
trolled blood glucose levels can increase the risk of
complications such as preeclampsia, cesarean delivery,
fetal macrosomia, neonatal hypoglycemia, and birth
injuries. Although gestational diabetes often resolves
after childbirth, affected women have a significantly
higher risk of developing Type 2 Diabetes Mellitus
later in life. Management of GDM primarily involves
dietary modifications, regular physical activity, blood
glucose monitoring, and insulin therapy when neces-
sary. Proper management during pregnancy is essential
to ensure the health and well-being of both the mother
and the developing fetus [5].

4. Secondary Diabetes Mellitus

Secondary Diabetes Mellitus refers to a form of dia-
betes that develops as a consequence of other underly-
ing medical conditions, genetic disorders, or the use of
certain medications that impair insulin secretion or
insulin action. Unlike primary diabetes, secondary
diabetes is not caused directly by autoimmune de-
struction of pancreatic B-cells or insulin resistance
alone. Common causes include pancreatic diseases
such as chronic pancreatitis, pancreatic cancer, and
cystic fibrosis; endocrine disorders such as Cushing’s
syndrome, acromegaly, and hyperthyroidism; and pro-
longed use of drugs such as corticosteroids, thiazide
diuretics, and certain antipsychotic medications. The
clinical manifestations of secondary diabetes are simi-
lar to those of other forms of diabetes and include ex-
cessive thirst, frequent urination, increased hunger,
fatigue, and elevated blood glucose levels. Manage-
ment primarily focuses on treating the underlying con-
dition while simultaneously controlling blood glucose
through lifestyle modifications, oral antidiabetic medi-
cations, or insulin therapy when required. Early diag-
nosis and appropriate treatment of the causative
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disorder are essential to prevent complications and
achieve effective glycemic control [6].

5. Prediabetes

Prediabetes is a metabolic condition in which blood
glucose levels are higher than normal but not suffi-
ciently elevated to be diagnosed as diabetes mellitus. It
is considered an intermediate stage between normal
glucose regulation and Type 2 Diabetes Mellitus and
serves as an important warning sign for future diabetes
development. Prediabetes occurs due to insulin resis-
tance and impaired glucose metabolism, causing the
body to become less effective at utilizing insulin. Indi-
viduals with prediabetes often do not exhibit noticeable
symptoms; however, some may experience increased
thirst, frequent urination, or signs of insulin resistance
such as acanthosis nigricans. Major risk factors include
obesity, physical inactivity, unhealthy dietary habits,
family history of diabetes, advancing age, hyperten-
sion, and dyslipidaemia. If left unmanaged, prediabetes
can progress to Type 2 diabetes and increase the risk of
cardiovascular diseases. Fortunately, progression can
often be prevented or delayed through lifestyle modi-
fications such as maintaining a healthy diet, regular
physical exercise, weight reduction, and routine moni-
toring of blood glucose levels. Early identification and
intervention are therefore crucial for reducing the bur-
den of diabetes and its associated complications [7].

6. Other Specific Types of Diabetes

Other specific types of diabetes comprise a diverse
group of uncommon forms of diabetes that arise due to
specific genetic defects, diseases, or medical conditions
affecting insulin production or action. These include
genetic defects of pancreatic B-cell function, such as
Maturity-Onset Diabetes of the Young (MODY), ge-
netic abnormalities affecting insulin action, diseases of
the exocrine pancreas (e.g., pancreatitis, pancreatic
cancer, and cystic fibrosis), endocrinopathies such as
Cushing’s syndrome and acromegaly, and diabetes
induced by infections, medications, or chemical agents.
Certain drugs, including glucocorticoids, immunosup-
pressive agents, and antipsychotic medications, may
also contribute to the development of diabetes by im-
pairing glucose metabolism. The clinical manifesta-
tions of these forms of diabetes are similar to those of
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Type 1 and Type 2 diabetes and may include hyper-
glycemia, excessive thirst, frequent urination, fatigue,
and weight loss. Diagnosis requires careful evaluation
of the underlying cause, genetic factors, and clinical
history. Management depends on the specific etiology
and may involve lifestyle modifications, oral antidia-
betic drugs, insulin therapy, and treatment of the un-
derlying disorder. Understanding these specific forms
of diabetes is important for accurate diagnosis, indi-
vidualized treatment, and prevention of long-term
complications.

Diabetic Complications

Diabetes mellitus is associated with a wide range of
complications that arise due to prolonged and uncon-
trolled hyperglycemia. These complications can affect
multiple organs and systems of the body, significantly
increasing morbidity and mortality. Diabetic compli-
cations are generally classified into microvascular and
macrovascular complications. Microvascular compli-
cations include diabetic retinopathy, which can lead to
visual impairment and blindness; diabetic nephropathy,
characterized by progressive kidney damage that may
result in renal failure; and diabetic neuropathy, which
causes nerve damage leading to numbness, pain, and
loss of sensation, particularly in the extremities.
Macrovascular complications involve large blood ves-
sels and include cardiovascular diseases such as coro-
nary artery disease, myocardial infarction, stroke, and
peripheral arterial disease. Diabetes also impairs
wound healing and increases susceptibility to infec-
tions, often resulting in diabetic foot ulcers that may
require amputation in severe cases. Additionally, acute
complications such as diabetic ketoacidosis (DKA) and
hyperosmolar hyperglycaemic state (HHS) can be life-
threatening if not promptly treated. Effective gly-
caemic control, regular monitoring, healthy lifestyle
practices, and early intervention are essential to prevent
or delay the onset of these complications and improve
the quality of life of diabetic patients [8].

Diabetes Mellitus Management

The management of diabetes mellitus aims to maintain
blood glucose levels within the normal range, prevent
acute and chronic complications, and improve the
overall quality of life of patients. Effective diabetes
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management involves a combination of lifestyle modi-
fications, pharmacological therapy, regular monitoring,
and patient education. Lifestyle interventions, includ-
ing a balanced diet, regular physical activity, weight
management, smoking cessation, and stress reduction,
form the cornerstone of diabetes care. Dietary man-
agement focuses on controlling carbohydrate intake,
increasing fiber consumption, and maintaining ade-
quate nutrition to achieve optimal glycemic con-
trol.Pharmacological treatment depends on the type
and severity of diabetes. Patients with Type 1 diabetes
require lifelong insulin therapy due to the absence of
endogenous insulin production. In Type 2 diabetes, oral
hypoglycemic agents such as Metformin, Sulfony-
lureas, and Acarbose may be prescribed, while insulin
therapy may be necessary in advanced cases. Regular
monitoring of blood glucose levels, glycated hemo-
globin (HbAlc), lipid profile, blood pressure, and kid-
ney function is essential to evaluate treatment
effectiveness and detect complications early.Patient
education plays a vital role in diabetes management by
promoting adherence to medication, healthy lifestyle
practices, self-monitoring of blood glucose, and
awareness of hypoglycemia and hyperglycemia symp-
toms. Routine screening for diabetic complications,
including retinopathy, nephropathy, neuropathy, and
cardiovascular diseases, is also crucial for timely in-
tervention. Through a comprehensive and individual-
ized approach, effective diabetes management can
significantly reduce disease-related complications and
enhance long-term health outcomes [9].

Current Oral Anti-Diabetic Agents

Oral antidiabetic agents play a crucial role in the man-
agement of Type 2 Diabetes Mellitus (T2DM) by
helping to maintain blood glucose levels within the
normal range. These medications act through different
mechanisms, such as enhancing insulin secretion, im-
proving insulin sensitivity, reducing glucose absorp-
tion from the intestine, or increasing glucose excretion
through the kidneys. They are often prescribed alone or
in combination with lifestyle modifications and other
antidiabetic therapies to achieve optimal glycaemic
control.Biguanides are the most commonly prescribed
class of oral antidiabetic drugs, with Metformin being
the first-line treatment for Type 2 diabetes. Metformin
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lowers blood glucose levels primarily by reducing
hepatic glucose production and increasing insulin sen-
sitivity in peripheral tissues. It is widely preferred be-
cause of its effectiveness, safety profile, and low risk
of causing hypoglycemia. Sulfonylureas, including
Glibenclamide, Glimepiride, and Gliclazide, stimulate
pancreatic B-cells to release insulin. These drugs are
effective in lowering blood glucose levels but may be
associated with side effects such as hypoglycemia and
weight gain. Meglitinides, such as Repaglinide and
Nateglinide, also stimulate insulin secretion but have a
shorter duration of action and are particularly useful for
controlling postprandial blood glucose levels.Thiazo-
lidinediones (TZDs), represented by Pioglitazone, im-
prove insulin sensitivity by activating peroxisome
proliferator-activated  receptor-gamma  (PPAR-y).
These agents enhance glucose uptake by muscle and
adipose tissues and reduce insulin resistance. However,
their use may be limited by adverse effects such as
weight gain, edema, and an increased risk of heart
failure in susceptible individuals. Alpha-glucosidase
inhibitors such as Acarbose and Miglitol act by in-
hibiting intestinal enzymes responsible for carbohy-
drate digestion. This delays glucose absorption and
reduces postprandial hyperglycemia. Gastrointestinal
side effects, including flatulence and abdominal dis-
comfort, are commonly associated with this class of
drugs.More recently, Dipeptidyl Peptidase-4 (DPP-4)
inhibitors, including Sitagliptin, Vildagliptin, and
Linagliptin, have gained popularity. These drugs pro-
long the action of incretin hormones, thereby enhanc-
ing glucose-dependent insulin  secretion and
suppressing glucagon release. They are generally well
tolerated and have a low risk of hypoglycemia. Another
important class is the Sodium-Glucose Cotransporter-2
(SGLT2) inhibitors, including Empagliflozin, Da-
pagliflozin, and Canagliflozin. These agents reduce
blood glucose levels by inhibiting renal glucose reab-
sorption, thereby promoting glucose excretion through
urine. In addition to glycaemic control, they provide
cardiovascular and renal protective benefits in many
diabetic patients.

Despite the availability of several effective oral antidi-
abetic agents, long-term therapy may be associated
with adverse effects, reduced efficacy over time, and
high treatment costs. Therefore, considerable research
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is being directed toward the discovery of novel antidi-
abetic agents, particularly from medicinal plants and
natural products, which may offer safer, more afford-
able, and effective alternatives for the management of
diabetes mellitus [10-11].

Side Effects of Antidiabetic Drugs

Although antidiabetic drugs are highly effective in
controlling blood glucose levels and preventing dia-
betic complications, their long-term use may be asso-
ciated with various adverse effects. The type and
severity of side effects depend on the class of
medication, dosage, duration of treatment, and
individual patient characteristics. These adverse effects
can affect patient compliance and may necessitate
adjustments in therapy. One of the most common side
effects associated with several antidiabetic agents,
particularly  sulfonylureas  and  insulin, is
hypoglycemia, which is characterized by abnormally
low blood glucose levels. Symptoms of hypoglycemia
include sweating, tremors, confusion,
weakness, and, in severe cases, loss of consciousness.
Weight gain is another frequently reported adverse
effect,  especially  with  sulfonylureas  and
thiazolidinediones, which may further worsen insulin
resistance and increase cardiovascular

dizziness,

risk.Gastrointestinal ~ disturbances are commonly
observed with biguanides such as Metformin. Patients
may experience nausea, vomiting, diarrhea, abdominal
discomfort, bloating, and loss of appetite, particularly
during the initial stages of treatment. Although rare,
prolonged use of metformin has been associated with
vitamin B12 deficiency and, in exceptional cases, lactic
acidosis. Thiazolidinediones, such as Pioglitazone,
may cause fluid retention, peripheral edema, weight
gain, and an increased risk of congestive heart failure
in susceptible individuals. Long-term use has also been
associated with an increased risk of bone fractures,
particularly in  postmenopausal women.Alpha-
glucosidase inhibitors, including Acarbose, frequently
produce gastrointestinal side effects such as flatulence,
abdominal pain, diarrhea, and abdominal distension
due to the fermentation of undigested carbohydrates in
the colon. These effects may limit patient adherence
to therapy. Dipeptidyl Peptidase-4 (DPP-4) inhibitors,
such as Sitagliptin, are generally well tolerated but may
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occasionally cause headache, nasopharyngitis, upper
respiratory tract infections, and gastrointestinal dis-
comfort. Rare cases of pancreatitis and severe joint
pain have also been reported.Sodium-Glucose Co-
transporter-2 (SGLT2) inhibitors, including Em-
pagliflozin and Dapagliflozin, increase urinary glucose
excretion and may lead to urinary tract infections,
genital fungal infections, dehydration, hypotension,
and electrolyte imbalances. In rare cases, they may also
increase the risk of diabetic ketoacidosis. Despite their
therapeutic benefits, the occurrence of adverse effects,
the need for lifelong treatment, and the high cost of
some medications have encouraged researchers to ex-
plore alternative therapies, particularly plant-derived
compounds [12-15]

MATERIALS AND METHODS

Collection and authentication of Plant material

Thespesia populnea , was selected for investigation
and were procured from the nearest area of Hydrabad
Ranga Reddy District. The plant material was taxo-
nomically identified and authenticated by Dr. Madhava
Chetty, Head of Department, Botany, Sri Venkatesh-
wara academia, Tirupathi, Andhra Pradesh.

Preparation of plant extract

Thespesia populnear was air dried in shade and ex-
tracted with 1:4 ratio ethanol extract, using a Soxhlet
extractor for 8 hrs at 55-60°C. The supernatant was
filtered through Whatman filter paper No.l and con-
centrated under reduced pressure using vacuum at 44 +
10°C in a rotavapor (IKA ® RB 10 Rota Evaporator,
India) The extract was stored at 22°C in a seeded air
tight container.

The percentage of extract yield was calculated by using
the formula

weight in gm of extrac
weight in gm of plant n

% of extract yield=

Pharmacological evaluation
Animals and Management

For this research, Wistar albino rats of both sexes
measuring between 150 and 200 gm were used. The
animals were picked up from the residence of the pets,
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from our institute. The pets were randomly put upon
entry and assigned as bedding in polypropylene tanks
with paddy husk to treatment groups. Animals were
housed at a temperature of 24+2°C and relative hu-
midity of 30 to 70 %. A 12:12 light: day cycle was
followed. All animals were allowed to free access to
water and fed with standard commercial pelleted rat.
however, food and water were withdrawn 18 hours
before the experiment. Jeeva life sciences The Institu-
tional Animal Ethics Committee approved the protocol
of this study.

Acute Toxicity Study [16]

The acute toxicity study is use to establish the thera-
peutic index, i.e. the ratio between the pharmacologi-
cally effective dose and lethal dose on the same strain
and species (LD50/ED50). Greater is the index; safer is
the compound and vice versa. The acute toxicity study
was done according to OECD (Organization of Eco-
nomic Co-operation and Development) guidelines 425-
Fixed Dose Procedure (FDP).

Procedure:

The animals were divided into two groups and each
group consisted of five rat. The defined or fixed dose
level of aqueous and ethanolic extracts (2000 mg/kg)
were given orally to identify a dose producing evident
toxicity. The animals were observed continuously for 2
hours for behavioral, neurological and autonomic pro-
files. The toxicity signs were observed after 24 hours
till fourteen days for any lethality or death. Hence in
our studies we selected 1/4™ and 1/8"™ of the highest
dose.

Induction of Diabetes Using Streptozotocin (STZ)
[17]

Experimental diabetes mellitus was induced in rats
using streptozotocin (STZ). The animals were fasted
overnight for 12—-16 hours with free access to water
before induction. Streptozotocin was freshly dissolved
in cold 0.1 M citrate buffer (pH 4.5) and administered
as a single intraperitoneal injection at a dose of 50
mg/kg body weight. Following STZ administration, the
animals were provided with 5% glucose solution for 24
hours to prevent hypoglycemic shock caused by the
sudden release of insulin from damaged pancreatic [3-
cells. After 72 hours, fasting blood glucose levels were
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measured using a glucometer from tail vein blood
samples. Rats exhibiting fasting blood glucose levels
greater than 250 mg/dL were considered diabetic and
selected for the study. The diabetic animals were then
randomly allocated to different treatment groups and
administered the respective treatments for the experi-
mental period. Streptozotocin induces diabetes through
selective destruction of pancreatic j3-cells, resulting in
insulin deficiency, persistent hyperglycemia, and
metabolic alterations that closely resemble diabetes
mellitus in humans.

Experimental design [18]
Group I Normal Control Vehicle (0.5% CMC, p.o.) |

Group II Diabetic Control Streptozotocin (STZ) in-
duced + Vehicle (0.5% CMC, p.o.) Group III Standard
Drug STZ + Metformin (100 mg/kg, p.o.) |

Group IV Test Low Dose STZ + Ethanolic Extract of
Thespesia populnea (200 mg/kg, p.o.)

Group V Test High Dose STZ + Ethanolic Extract of
Thespesia populnea (400 mg/kg, p.o.)

Fasting Blood Glucose (FBG) Estimation [19]
Procedure

Fasting blood glucose (FBG) levels were measured to
evaluate the antihyperglycemic effect of the ethanolic
extract of Thespesia populnea in streptozotocin-in-
duced diabetic rats. The animals were fasted overnight
for 12 hours with free access to water before blood
collection. Blood samples were obtained from the tail
vein by making a small incision at the tip of the tail. A
drop of blood was placed on a glucose test strip, and
the blood glucose concentration was measured using a
digital glucometer. Fasting blood glucose levels were
recorded before induction of diabetes (baseline), 72
hours after streptozotocin administration to confirm
diabetes, and subsequently on days 7, 14, 21, and 28
during the treatment period. The results were expressed
as milligrams per deciliter (mg/dL). A significant re-
duction in fasting blood glucose levels in the treatment
groups compared to the diabetic control group was
considered indicative of antidiabetic activity of the test
extract.

Oral Glucose Tolerance Test (OGTT) [20]
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Procedure

The Oral Glucose Tolerance Test (OGTT) was per-
formed to evaluate the effect of the ethanolic extract of
Thespesia populnea on glucose utilization and toler-
ance in experimental rats. The animals were fasted
overnight for 12 hours with free access to water. On the
day of the experiment, the rats received the respective
treatments, including vehicle, standard drug, or test
extract, orally. Thirty minutes after treatment adminis-
tration, a glucose solution was administered orally at a
dose of 2 g/kg body weight. Blood samples were col-
lected from the tail vein at 0 (before glucose adminis-
tration), 30, 60, 90, and 120 minutes after glucose
loading. Blood glucose levels were measured using a
glucometer and expressed as mg/dL. The ability of the
extract to reduce the rise in blood glucose levels and
facilitate a faster return to normal glucose concentra-
tions compared with the diabetic control group was
considered indicative of improved glucose tolerance
and antidiabetic activity. The OGTT is a useful method
for assessing the capacity of the body to metabolize and
regulate glucose following an oral glucose challenge.

Serum Insulin Level Estimation [21]
Procedure

At the end of the experimental period, blood samples
were collected from overnight-fasted rats under light
anesthesia through retro-orbital plexus puncture or
cardiac puncture. The collected blood was allowed to
clot at room temperature and then centrifuged at 3000
rpm for 15 minutes to separate the serum. The serum
samples were stored at —20°C until analysis. Serum
insulin levels were estimated using a commercially
available Rat Insulin ELISA (Enzyme-Linked Im-
munosorbent Assay) kit according to the manufac-
turer's instructions. Briefly, standards and serum
samples were added to ELISA plate wells pre-coated
with insulin-specific antibodies and incubated for the
specified time. After washing to remove unbound ma-
terials, enzyme-conjugated antibodies and substrate
solution were added. The resulting color intensity was
measured using a microplate reader at 450 nm. The
insulin concentration was calculated from the standard
calibration curve and expressed as micro-international
units per milliliter (uIU/mL). An increase in serum
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insulin levels in the treatment groups compared with
the diabetic control group was considered indicative of
improved pancreatic B-cell function and antidiabetic
activity of the ethanolic extract of Thespesia populnea.

Lipid Profile Parameters [22]
Procedure

At the end of the experimental period, blood samples
were collected from overnight-fasted rats under light
anesthesia through retro-orbital plexus puncture or
cardiac puncture. The collected blood was allowed to
clot at room temperature and centrifuged at 3000 rpm
for 15 minutes to obtain serum. The separated serum
was used for the estimation of lipid profile parameters,
including total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and very-low-
density lipoprotein cholesterol (VLDL-C). Total
cholesterol and triglyceride levels were determined
using standard enzymatic colorimetric diagnostic kits
according to the manufacturer's instructions. HDL-C
was estimated after precipitation of LDL and VLDL
fractions or by a direct enzymatic method. LDL-C and
VLDL-C concentrations were calculated using the
Friedewald equation:

LDL-C (mg/dL) = Total Cholesterol — HDL-C —
VLDL-C

VLDL-C (mg/dL) = Triglycerides / 5

The absorbance of the reaction mixtures was measured
using a UV-visible spectrophotometer or an automated
biochemical analyzer at the specified wavelength rec-
ommended by the kit manufacturer. The lipid concen-
trations were expressed as mg/dL. Alterations in serum
lipid levels were used to evaluate the effect of the
ethanolic extract of Thespesia populnea on diabetes-
induced dyslipidemia. A decrease in total cholesterol,
triglycerides, LDL-C, and VLDL-C levels along with
an increase in HDL-C levels was considered indicative
of antihyperlipidemic and cardioprotective activity.

Assay of Superoxide Radical Scavenging Activity
[23]

Procedure

The superoxide radical scavenging activity of the

ethanolic extract of Thespesia populnea was

P b

{ﬁ“{fﬁ INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

L

"

determined by the nitro blue tetrazolium (NBT) reduc-
tion method. The reaction mixture consisted of 1 mL of
nitro blue tetrazolium (NBT, 156 uM), 1 mL of nicoti-
namide adenine dinucleotide (NADH, 468 uM), and 1
mL of the test extract at different concentrations pre-
pared in phosphate buffer (0.1 M, pH 7.4). The reaction
was initiated by adding 100 uL of phenazine metho-
sulfate (PMS, 60 pM). The mixture was incubated at
room temperature for 5 minutes. Superoxide radicals
generated in the reaction reduce NBT to form a blue-
colored formazan product. The absorbance was mea-
sured at 560 nm using a UV-Visible spectrophotometer
against an appropriate blank. Ascorbic acid was used
as the standard antioxidant. The decrease in absorbance
indicated the scavenging of superoxide radicals by the
test extract. The percentage inhibition of superoxide
radicals was calculated using the following formula:

control

sample x 100

control

% Inhibition =

Where:
e Acontrol = Absorbance of control
e Asample = Absorbance of test sample

The concentration of the extract required to inhibit 50%
of the superoxide radicals (ICso) was determined from
the plot of percentage inhibition versus concentration
and used as a measure of antioxidant activity.

Assay of Nitric Oxide Scavenging Activity [24]
Procedure

The nitric oxide scavenging activity of the ethanolic
extract of Thespesia populnea was evaluated using the
sodium nitroprusside method. Sodium nitroprusside in
aqueous solution at physiological pH spontaneously
generates nitric oxide, which reacts with oxygen to
produce nitrite ions. The nitrite ions formed were esti-
mated using Griess reagent. Briefly, 2 mL of sodium
nitroprusside solution (10 mM) prepared in phosphate-
buffered saline (PBS, pH 7.4) was mixed with 0.5 mL
of the test extract at various concentrations and incu-
bated at 25°C for 150 minutes. After incubation, 0.5
mL of the reaction mixture was mixed with 0.5 mL of
Griess reagent containing 1% sulfanilamide, 2% phos-
phoric acid, and 0.1% N-(1-naphthyl) ethylenediamine
dihydrochloride. The mixture was allowed to stand for
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10 minutes at room temperature for color development.
The absorbance of the resulting pink chromophore was
measured at 546 nm using a UV-Visible spectropho-
tometer. Ascorbic acid was used as the standard an-
tioxidant. The decrease in absorbance indicated the
scavenging of nitric oxide radicals by the extract.

The percentage inhibition of nitric oxide radicals was
calculated using the following formula:

A

control

sample % 100

control

% Inhibition=

Where:
e A control = Absorbance of control
e A sample = Absorbance of test sample

The 1Cso value, representing the concentration of the
extract required to inhibit 50% of nitric oxide radicals,
was calculated from the inhibition curve and used as an
indicator of nitric oxide scavenging activity.

Hydrogen Peroxide Scavenging Activity [25]
Procedure

The hydrogen peroxide scavenging activity of the
ethanolic extract of Thespesia populnea was deter-
mined by measuring its ability to neutralize hydrogen
peroxide (H:20:). A hydrogen peroxide solution (40
mM) was prepared in phosphate buffer (pH 7.4). Vari-
ous concentrations of the test extract were prepared in
distilled water and mixed with 0.6 mL of hydrogen
peroxide solution. The reaction mixture was incubated
at room temperature for 10 minutes. After incubation,
the absorbance was measured at 230 nm using a UV-
Visible spectrophotometer against a blank solution
containing phosphate buffer without hydrogen perox-
ide. Ascorbic acid was used as the standard antioxidant.

The decrease in absorbance indicated the scavenging
ability of the extract against hydrogen peroxide. The
percentage scavenging activity was calculated using
the formula:

control

sample % 100
A

% Scavenging=
control

Where:
e A control = Absorbance of control

e As ample = Absorbance of test sample
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The ICso value, representing the concentration required
to scavenge 50% of hydrogen peroxide radicals, was
determined from the dose-response curve and used as
a measure of antioxidant potential of the extract.

Hydroxyl Radical Scavenging Activity
Procedure

The hydroxyl radical scavenging activity of the
ethanolic extract of Thespesia populnea was deter-
mined by the deoxyribose degradation method. Hy-
droxyl radicals were generated in a reaction mixture
containing ferric-cEDTA complex, hydrogen peroxide,
and ascorbic acid in phosphate buffer (20 mM, pH 7.4).
The reaction mixture consisted of 0.2 mL EDTA (1.04
mM), 0.2 mL FeCls (1 mM), 0.2 mL deoxyribose (28
mM), 0.2 mL hydrogen peroxide (10 mM), 0.2 mL
ascorbic acid (1 mM), and various concentrations of the
test extract. The final volume was adjusted with phos-
phate buffer.

The reaction mixture was incubated at 37°C for 1 hour
to allow hydroxyl radical formation and subsequent
degradation of deoxyribose. After incubation, 1 mL of
trichloroacetic acid (TCA, 2.8%) and 1 mL of thiobar-
bituric acid (TBA, 1%) were added to the mixture. The
solution was then heated in a boiling water bath for 15
minutes to develop a pink chromogen. After cooling,
the absorbance was measured at 532 nm using a UV-
Visible spectrophotometer. Ascorbic acid was used as
the standard antioxidant.

The hydroxyl radical scavenging activity was calcu-

lated using the following formula:

control

A

sample % 100

control

% Scavenging =

Where:
e A control = Absorbance of control
e A sample = Absorbance of test sample

The ICso value was determined from the dose-response
curve and used as an indicator of hydroxyl radical
scavenging potential of the extract.

Free Radical Scavenging Activity (DPPH Assay)
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Procedure

The free radical scavenging activity of the ethanolic
extract of Thespesia populnea was evaluated using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. A 0.1
mM solution of DPPH was prepared in methanol and
protected from light. Various concentrations of the test
extract were prepared in methanol and mixed with 1
mL of DPPH solution. The final volume was adjusted
with methanol and the reaction mixture was shaken
well. The mixture was then incubated in the dark at
room temperature for 30 minutes to allow the reaction
to occur.

After incubation, the absorbance of the resulting solu-
tion was measured at 517 nm using a UV-Visible
spectrophotometer against a suitable blank. Ascorbic
acid was used as the standard antioxidant. The decrease
in absorbance indicated the scavenging of DPPH free
radicals by the test extract, resulting in a color change
from deep violet to light yellow.

The percentage inhibition of DPPH radicals was cal-
culated using the formula:

control

sample % 100
A

control

% Scavenging =

Where:
e A control = Absorbance of control
e A sample = Absorbance of test sample

The ICso value, defined as the concentration required to
inhibit 50% of DPPH radicals, was calculated from the
dose—response curve and used as a measure of the an-
tioxidant activity of the ethanolic extract of Thespesia
populnea.

Statistical Analysis

All experimental data obtained from the study were
expressed as Mean + Standard Error of Mean (SEM).
The statistical analysis was performed using appropri-
ate statistical software. The differences between groups
were analyzed using one-way analysis of variance
(ANOVA) followed by Dunnett’s multiple comparison
test to compare the control group with the diabetic
control and treatment groups.

A p-value of less than 0.05 (p < 0.05) was considered
statistically significant, while p < 0.01 and p < 0.001
were considered highly and very highly significant,
respectively. The results were compared between the
normal control, diabetic control, standard drug, and test
extract-treated groups to evaluate the antidiabetic and
antioxidant effects of the ethanolic extract of Thespesia
populnea. Graphs and tables were prepared to represent
the data clearly and to interpret the statistical signifi-
cance of the findings.

RESULTS

Percentage of yield

Weight of crude extract

P t ield=
ercentage of yie Weight of dried material

Percentage of yield= ;gg %100 =30 %

Phytochemical tests

Ethanolic Extract
Result

+++ Present
+++ Present
+++ Present

Phytochemical Constituents

Alkaloids
Flavonoids

Phenolic compounds

Tannins ++ Present
Saponins ++ Present
Glycosides ++ Present
Steroids ++ Present
Terpenoids ++ Present
Carbohydrates ++ Present
Proteins + Present
Fixed oils & fats + Present

Fasting Blood Glucose (FBG)

Fasting blood glucose levels were measured on days 0,
7, 14, 21, and 28 of the experimental period. The ani-
mals were fasted overnight (12 hours) with free access
to water. Blood samples were collected from the tail
vein, and glucose levels were determined using a glu-
cometer and compatible glucose test strips. The values
were expressed as mg/dL. Changes in fasting blood
glucose levels were used to assess the antidiabetic
activity of the ethanolic extract of Thespesia populnea.

Group Day 0 Day 7 Day 14 Day 21 Day 28
Normal Control 88.5+24 89.2+2.6 87.8+2.2 88.9+2.5 89.1+£2.3
f Y
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Group Day 0 Day 7 Day 14 Day 21 Day 28
Diabetic Control 286.4+5.8 298.6 = 6.4 312.5+7.1 326.8+6.9 340.2+7.5
Metformin (100 mg/kg) 284.2+5.6 221.3+5.1 172.8 £4.6 128.7+3.8 102.6 3.2
Extract (200 mg/kg) 2858+ 54 252.7+5.7 220.6 £ 5.1 1853 +4.5 148.9+£4.2
Extract (400 mg/kg) 286.7+5.2 236.8 +5.4 195.4+4.8 148.5+4.0 118.2+3.5

The ethanolic extract significantly reduced fasting
blood glucose levels in a dose-dependent manner. The
400 mg/kg dose exhibited greater antihyperglycemic

Day0 Day7

400
300
200
100

0

m Normal Control

Metformin (100 mg/kg)

W Extract (400 mg/kg)

Oral Glucose Tolerance Test (OGTT)

activity and produced results comparable to the stan-
dard drug metformin.

Day 14 Day 21 Day 28

m Diabetic Control

Extract (200 mg/kg)

Group 0 min 30 min 60 min 90 min 120 min
Normal Control 89.1+2.3 125.6 £3.4 1142 +3.1 98.4+2.8 90.6 +2.4
Diabetic Control 338.5+7.2 412.7+8.4 398.3+8.0 3724+7.6 350.8+7.1

Metformin 104.6 £ 3.2 162.5+4.0 138.6 £3.5 118.7+£3.0 102.5+2.7
Extract (200 mg/kg) 1492 +4.1 230.8+5.2 205.7 + 4.8 182.6 +4.4 155.8+4.0
Extract (400 mg/kg) 1183+3.5 192.4+4.5 170.2 +4.1 142.7+£3.8 1204+3.3

Treatment with Thespesia populnea extract signifi-
cantly improved glucose tolerance by reducing
600
400
200

0

0 min 30 min

m Normal Control

Metformin

postprandial blood glucose levels compared with dia-
betic control animals.

60 min 90 min 120 min

m Diabetic Control

Extract (200 mg/kg)

B Extract (400 mg/kg)

Serum Insulin Level

Group Serum Insulin
(nIU/mL)
Normal Control 15.84 £0.62
Diabetic Control 5.12+0.31
Metformin 13.92 £ 0.54
("3 \f:'f INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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Group Serum Insulin
(nIU/mL)
Extract (200 mg/kg) 10.68 £ 0.47
Extract (400 mg/kg) 12.84 £ 0.51

Diabetic rats showed a significant reduction in serum
insulin levels. Treatment with the ethanolic extract
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significantly increased insulin secretion, with the

higher dose showing greater efficacy.

Serum Insulin (uIU/mL)
Extract (400 mg/kg) I
Extract (200 mg/kg) I
Metformin I
Diabetic Control
Normal Control I

=]

Lipid Profile Parameters

At the end of the experimental period, blood samples
were collected and serum was separated by centrifu-
gation. Serum total cholesterol (TC), triglycerides

10 15 20

(TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and very-
low-density lipoprotein cholesterol (VLDL-C) were
estimated using standard enzymatic diagnostic Kkits
according to the manufacturer's protocols.

Parameter (mg/dL) Normal Con- Diabetic Control Metformin Extract (200 Extract (400
trol mg/kg) mg/kg)
Total Cholesterol 86.4+£2.8 188.6 +5.4 98.5+£3.1 128.4+3.8 108.7+3.3
Triglycerides 723+2.4 1745+4.8 84.2+27 118.5+3.5 95.6+2.9
HDL-C 485+1.8 224+12 448 +1.7 36.5+1.5 41.7+1.6
LDL-C 248+14 132.6 +4.1 36.9+1.8 68.2+2.6 495+2.1
VLDL-C 145+0.8 349+1.5 16.8+0.9 23.7+1.1 19.1+£0.9

The diabetic control group exhibited significant dys-
lipidaemia characterized by elevated TC, TG, LDL-C,

populnea significantly improved lipid abnormalities in
a dose-dependent manner. The 400 mg/kg dose

and VLDL-C levels and decreased HDL-C levels.  demonstrated marked antihyperlipidemic activity
Treatment with the ethanolic extract of Thespesia  comparable to metformin.
VIDLC B
LC —
HDL-C —
Triglycerides
Total Cholesterol
0 50 100 150 200
W Extract (400 mg/kg) m Extract (200 mg/kg)
Metformin m Diabetic Control
H Normal Control
in-vitro free radical scavenging effect
/‘sx'r.——'{]
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C‘“(‘:;‘SS“’“ Superoxide (%) | Nitric Oxide (%) H:0: (%) Hydzz‘:l"(yolA)liad" DPPH (%)
25 2411 208+ 1.0 25612 189+09 | 285+13
50 387+ 14 352413 A15+15 33612 | 468+16
100 553+ 1.6 521415 587+ 1.7 294+14 | 632+18
200 639+ 138 664~ 17 712+1.9 62816 | 785+20
400 8164 2.0 793+ 1.9 85.7% 2.1 76418 | 889+22

The ethanolic extract of Thespesia populnea showed a
dose-dependent increase in antioxidant activity across
all radical scavenging assays. Maximum inhibition was
observed at 400 pg/mL, with the highest activity
recorded in the DPPH assay followed by hydrogen
peroxide and superoxide radical scavenging assays.
Nitric oxide and hydroxyl radical scavenging activities
were also significant but comparatively lower. These

DPPH (%)

Hydroxyl Radical (%)
H,0, (%)

Nitric Oxide (%)
Superoxide (%)

findings indicate that the extract possesses strong
antioxidant potential, which may be attributed to the
presence of flavonoids, phenolic compounds, tannins,
and other bioactive phytoconstituents. The antioxidant
activity supports the possible role of the plant in
mitigating oxidative stress associated with diabetes
mellitus.

Concentration (pg/mL)

=]

W Seriesb Series4

DISCUSSION

The present study was designed to evaluate the antidi-
abetic and antioxidant potential of the ethanolic extract
of Thespesia populnea in streptozotocin (STZ)-induced
diabetic rats. STZ selectively destroys pancreatic [3-
cells, leading to insulin deficiency, persistent hyper-
glycemia, and metabolic disturbances that closely re-
semble human diabetes mellitus. In this study, diabetic
control animals showed a marked increase in fasting
blood glucose levels, impaired glucose tolerance, al-
tered lipid profile, and reduced serum insulin levels,
confirming successful induction of diabetes. Treatment
with the ethanolic extract of Thespesia populnea pro-
duced a significant reduction in fasting blood glucose
levels and improved oral glucose tolerance in a dose-
dependent manner. The observed antihyperglycemic
effect may be attributed to enhanced peripheral glucose
utilization, improved insulin secretion, or regenera-
tion/protection of pancreatic P-cells. The increase in

=i
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serum insulin levels in treated groups further supports
the possibility of B-cell protective or insulinotropic
activity of the extract. These effects may be due to the
presence of phytoconstituents such as flavonoids, phe-
nolics, tannins, and terpenoids, which are known to
exert antidiabetic actions.

The lipid profile abnormalities observed in diabetic
control rats, characterized by elevated total cholesterol,
triglycerides, LDL, VLDL, and reduced HDL levels,
were significantly improved following treatment with
the extract. This antihyperlipidemic effect suggests that
the extract may enhance lipid metabolism and reduce
cardiovascular risk associated with diabetes. Improved
lipid regulation may also be linked to better insulin
sensitivity and reduced hepatic lipid synthesis. In ad-
dition, the antioxidant assays demonstrated that the
ethanolic extract possesses strong free radical
scavenging activity against superoxide, nitric oxide,
hydrogen peroxide, hydroxyl radicals, and DPPH
radicals. The dose-dependent antioxidant activity
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indicates the presence of bioactive compounds capable
of neutralizing reactive oxygen species (ROS). Since
oxidative stress plays a major role in the pathogenesis
and progression of diabetes and its complications, the
antioxidant property of the extract may contribute sig-
nificantly to its antidiabetic effect by protecting pan-
creatic B-cells from oxidative damage and improving
overall metabolic function. Overall, the findings sug-
gest that the ethanolic extract of Thespesia populnea
exhibits significant antidiabetic, antihyperlipidemic,
and antioxidant activities in STZ-induced diabetic rats.
The therapeutic potential of the plant may be attributed
to its rich phytochemical composition, which syner-
gistically acts to restore glucose homeostasis and re-
Further studies involving
isolation of active compounds and elucidation of
molecular mechanisms are required to fully understand
its pharmacological potential and to develop it as a
promising natural antidiabetic agent.

duce oxidative stress.

CONCLUSION

The present investigation was undertaken to evaluate
the antidiabetic and antioxidant potential of the
ethanolic extract of Thespesia populnea in streptozo-
tocin (STZ)-induced diabetic rats. The results of the
study clearly demonstrated that the extract possesses
significant antihyperglycemic activity, as evidenced by
a marked reduction in fasting blood glucose levels,
improved oral glucose tolerance, and increased serum
insulin levels in treated groups when compared to the
diabetic control group. The extract also exhibited a
dose-dependent improvement in body weight and
overall metabolic status. In addition, the ethanolic ex-
tract showed a significant antihyperlipidemic effect by
reducing total cholesterol, triglycerides, LDL, and
VLDL levels while elevating HDL levels, thereby
indicating its beneficial role in correcting diabetes-as-
sociated dyslipidemia. The in vitro antioxidant studies
further confirmed strong free radical scavenging activ-
ity against superoxide, nitric oxide, hydrogen peroxide,
hydroxyl, and DPPH radicals, suggesting a potent
ability to neutralize oxidative stress. The overall an-
tidiabetic and antioxidant effects may be attributed to
the presence of bioactive phytoconstituents such as
flavonoids, phenolic compounds, tannins, and ter-
penoids, which may act synergistically to improve
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glucose homeostasis and protect pancreatic P-cells
from oxidative damage. Based on these findings, it may
be concluded that the ethanolic extract of Thespesia
populnea possesses promising therapeutic potential for
the management of diabetes mellitus and its associated
complications. However, further detailed pharmaco-
logical, toxicological, and clinical studies are required
to isolate the active principles and establish their
mechanism of action for safe therapeutic use.
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