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ABSTRACT

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia due to
defects in insulin secretion, insulin action, or both. The increasing prevalence of diabetes and the
limitations of synthetic drugs have led to growing interest in herbal medicines. This study focuses on the
evaluation of anti-diabetic activity of selected herbal extracts using experimental animal models.

Herbal extracts were prepared using standard extraction techniques and evaluated for their phytochemical
constituents. The anti-diabetic activity was assessed using streptozotocin (STZ)-induced diabetic rats.
Parameters such as fasting blood glucose levels, body weight, lipid profile, and histopathological studies

were analyzed.

The results demonstrated significant reduction in blood glucose levels in treated groups, indicating
potential anti-diabetic activity of the selected herbal extracts. The study supports the traditional use of

these herbs and highlights their potential for development into safer anti-diabetic formulations.

Keywords: Diabetes Mellitus, Herbal Extracts, STZ Model, Phytochemicals, Anti-diabetic Activity
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CHAPTER 1:

INTRODUCTION

1.1 Overview of Diabetes Mellitus

Diabetes mellitus is a chronic metabolic disorder characterized by elevated levels of blood
glucose (hyperglycemia), resulting from defects in insulin secretion, insulin action, or both. It is one of
the most prevalent non-communicable diseases worldwide and represents a significant public health
challenge. The hormone insulin, produced by the B-cells of the pancreas, plays a crucial role in regulating
blood glucose levels. Any impairment in insulin production or its utilization leads to abnormal glucose
metabolism, which over time causes serious damage to various organs including the heart, kidneys, eyes,

nerves, and blood vessels.

The global burden of diabetes is increasing rapidly due to urbanization, sedentary lifestyle, unhealthy
diet, obesity, and genetic predisposition. According to international health organizations, diabetes is

expected to become one of the leading causes of morbidity and mortality in the coming decades.

1.2 Classification of Diabetes Mellitus

Diabetes mellitus is broadly classified into the following categories:

1.2.1 Type 1 Diabetes Mellitus (T1DM)

It is also called as Type 1 diabetes mellitus. This type of diabetes mellitus is also called autoimmune
diabetes and previously known as juvenile-onset or ketosis prone diabetes. The individual may also seek
with other autoimmune disorders such as Graves’ disease, Hashimoto’s thyroiditis, and Addison’s
disease. In this type of diabetes pancreas does not produced insulin properly or no insulin is produces by
pancreas. It is also known as insulin dependent diabetes mellitus (IDDM) or juvenile diabetes or early
onset diabetes. The causes for type 1 diabetes are unknown. It is less common than type 2, generally only
10% of all diabetes case is type 1. Patients suffering from type 1 diabetes should take insulin injections
for rest of their life. Type 1 diabetes is an autoimmune disorder in which the immune system destroys
pancreatic B-cells, leading to absolute insulin deficiency. It commonly occurs in children and young

adults.

1.2.2 Type 2 Diabetes Mellitus (T2DM)

It is also called as Type 2 diabetes mellitus. Type 2 diabetes mellitus is also known as adult-onset
diabetes. The progressive insulin secretary defect on the background of insulin resistance (American
Diabetes Association, 2014). People with this type of diabetes frequently are resistant to the action of

insulin. The long-term complications in blood vessels, kidneys, eyes and nerves occur in both types and
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are the major causes of morbidity and death from diabetes. The causes are multifunctional and
predisposing factor includes: Obesity, Sedentary lifestyle, increasing age (affecting middle aged and
older people), Genetic factor (Ross and Wilson 2010), such patients are at increased risk of developing

macro vascular and micro vascular complications.

In type 2 diabetes the body does not create enough insulin to address its own particular issues or cell does
not respond properly against the insulin. This is known as insulin resistance. Type 2 diabetes is also
known as "Non-Insulin-Dependent Diabetes Mellitus" (NIDDM) or "adult-onset diabetes”. It happens in

75 to 90% of all instances of diabetes in UK. Type 2 diabetes as a rule grows steadily after some time.

Type 2 diabetes is the most common form and is characterized by insulin resistance and relative insulin

deficiency. It is strongly associated with obesity, lifestyle factors, and genetic susceptibility.

Figure No.1. (a) Type 1 diabetes mellitus and (b) Type 2 diabetes mellitus
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1.2.3 Gestational Diabetes Mellitus (GDM)

This type occurs during pregnancy and usually resolves after childbirth but increases the risk of
developing Type 2 diabetes later in life. It is the third type of diabetes. This type affects female during
pregnancy. A few ladies have large amounts of glucose in their blood, and their bodies can't create enough
insulin to transport the greater part of the glucose into their cells, bringing about dynamically rising levels
of glucose. Pregnant ladies with gestational diabetes could conceivably have prior type 1 or type 2
diabetes. Much of the time, gestational diabetes creates amid the second trimester of pregnancy (weeks
14-26) and vanishes after the child is conceived. Gestational diabetes can build the danger of wellbeing

issues creating in an unborn infant.
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Figure No. 2. Gestational diabetes.
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1.2.4 Other Specific Types

These include diabetes due to genetic defects, pancreatic diseases, endocrine disorders, or drug-induced

conditions.
1.3 Pathophysiology of Diabetes Mellitus

The pathophysiology of diabetes involves complex interactions between genetic and environmental

factors.
In Type 2 diabetes:

« Insulin resistance occurs in peripheral tissues such as muscle and adipose tissue
« Hepatic glucose production increases

e Pancreatic B-cell dysfunction leads to reduced insulin secretion
This results in persistent hyperglycemia, which causes:

e Glycation of proteins
o Oxidative stress

e Inflammation

These processes contribute to long-term complications such as neuropathy, nephropathy, retinopathy,

and cardiovascular diseases.
1.4 Complications of Diabetes
1.4.1 Acute Complications

o Diabetic ketoacidosis (DKA)
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e Hyperosmolar hyperglycemic state (HHS)
1.4.2 Chronic Complications
Microvascular Complications:

o Retinopathy
e Nephropathy
o Neuropathy

Macrovascular Complications:

o Coronary artery disease
o Stroke
e Peripheral vascular disease

1.5 Current Treatment Approaches

Conventional management of diabetes includes:

1.5.1 Insulin Therapy

Used mainly in Type 1 diabetes and advanced Type 2 diabetes.
1.5.2 Oral Hypoglycemic Agents

e Biguanides (e.g., Metformin)
o Sulfonylureas

e Thiazolidinediones

e DPP-4 inhibitors

Limitations of Synthetic Drugs

o Side effects such as hypoglycemia, weight gain
e High cost

« Long-term toxicity

e Reduced patient compliance

1.6 Role of Herbal Medicines in Diabetes

Herbal medicine has been used for centuries in traditional systems such as Ayurveda, Unani, and
Traditional Chinese Medicine. Medicinal plants are considered a valuable source of bioactive compounds

with therapeutic potential.
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Advantages of Herbal Medicines

« Fewer side effects
e Cost-effective
o Easily available

o Better patient compliance
1.7 Mechanism of Anti-Diabetic Action of Herbal Extracts
Herbal extracts exert anti-diabetic effects through multiple mechanisms:

« Stimulation of insulin secretion

o Enhancement of insulin sensitivity

« Inhibition of carbohydrate digestion enzymes
« Reduction of glucose absorption

o Antioxidant activity

e Regeneration of pancreatic 3-cells
1.8 Important Anti-Diabetic Medicinal Plants
1.8.1 Gymnema sylvestre

Known as “Gurmar,” it suppresses sweet taste perception and helps reduce blood sugar levels.

Fig. 3: Gymnema sylvestre
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1.8.2 Momordica charantia (Bitter Gourd)

Contains charantin and polypeptide-p, which exhibit insulin-like activity.

Fig. 4: Momordica charantia (Bitter Gourd):

1.8.3 Azadirachta indica (Neem)

Improves glucose uptake and possesses antioxidant properties.

Fig. 5: Azadirachta indica (Neem)

1.8.4 Trigonella foenum-graecum (Fenugreek)

Rich in soluble fiber, delays glucose absorption and improves insulin sensitivity.

Fig. 6: Trigonella foenum-graecum (Fenugreek)
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1.9 Need for the Study

Despite the availability of numerous anti-diabetic drugs, effective management of diabetes remains
challenging due to side effects, cost, and long-term complications. Herbal medicines offer a promising

alternative due to their multi-targeted action and safety profile.

However, scientific validation of these herbal drugs is essential to ensure their efficacy, safety, and
quality. Therefore, this study aims to evaluate the anti-diabetic activity of selected herbal extracts using

experimental models.

CHAPTER 2:
LITERATURE REVIEW

2.1 Introduction

The literature review provides a scientific foundation for understanding the anti-diabetic potential of
herbal extracts. Over the past few decades, extensive research has been conducted to evaluate medicinal
plants for their hypoglycemic effects. These studies include in vitro assays, in vivo animal models, and

clinical trials, demonstrating that herbal drugs can act through multiple mechanisms.

The growing interest in plant-based therapy is driven by the limitations of conventional anti-diabetic

drugs and the need for safer, cost-effective alternatives.
2.2 Role of Medicinal Plants in Diabetes Management
Medicinal plants contain secondary metabolites such as:

« Flavonoids

o Alkaloids
e« Tannins
e Saponins

e Glycosides
These phytoconstituents contribute to anti-diabetic activity by:

« Enhancing insulin secretion
« Improving glucose uptake
o Inhibiting a-amylase and a-glucosidase enzymes

e Reducing oxidative stress
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Desai K.G.H., et al. (2019) reported that herbal drug delivery systems play a significant role in the
management of chronic diseases such as diabetes mellitus. Their study emphasized that plant-based
formulations provide a multi-targeted approach by acting on various metabolic pathways. They evaluated
different herbal extracts and concluded that phytoconstituents such as flavonoids and alkaloids contribute

significantly to hypoglycemic activity and improve overall metabolic control.

Patel D.K,, et al. (2021) investigated the role of plant-derived compounds in the treatment of diabetes
mellitus. Their research highlighted that herbal extracts exert anti-diabetic effects through mechanisms
such as enhancement of insulin secretion, improvement of glucose uptake, and inhibition of
carbohydrate-digesting enzymes. The study concluded that natural medicines have great potential as

alternative therapies due to their safety and efficacy.

Sharma B., et al. (2020) studied the pharmacological effects of various medicinal plants used in
traditional systems for diabetes management. The authors evaluated different extracts in experimental
animal models and reported significant reduction in blood glucose levels. They concluded that
antioxidant activity of herbal drugs plays a crucial role in protecting pancreatic -cells from oxidative

damage.

Gupta R., et al. (2023) reviewed the anti-diabetic potential of several Indian medicinal plants. The study
discussed the importance of phytochemicals such as tannins, glycosides, and saponins in regulating blood
glucose levels. The authors concluded that herbal drugs not only reduce hyperglycemia but also improve

lipid profile and prevent complications associated with diabetes.

Modak M., et al. (2022) reported that herbal medicines exhibit anti-diabetic activity through multiple
mechanisms including insulin secretion, glucose uptake, and enzyme inhibition. Their study emphasized
the importance of integrating traditional knowledge with modern scientific validation. The findings
suggested that herbal drugs could serve as promising candidates for the development of new anti-diabetic
agents.2.3 Review of Important Anti-Diabetic Plants

2.3.1 Gymnema sylvestre

Common Name: Gurmar

Family: Apocynaceae

Gymnema sylvestre is widely used in traditional medicine for diabetes management. It contains

gymnemic acids, which are responsible for its anti-diabetic activity.

Reported Activities:
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o Suppresses sweet taste receptors
e Regenerates pancreatic f-cells

e Enhances insulin secretion

Research Study:
A study by Shanmugasundaram et al. demonstrated that Gymnema extract significantly reduced blood

glucose levels in diabetic rats and improved pancreatic function.
2.3.2 Momordica charantia

Common Name: Bitter Gourd (Karela)

Family: Cucurbitaceae
Momordica charantia is one of the most extensively studied anti-diabetic plants.
Active Constituents:

e Charantin
¢ Vicine

o Polypeptide-p
Mechanism:

e Insulin-like activity
e Increases glucose uptake
« Improves glycogen synthesis

Research Study:
Experimental studies have shown significant reduction in fasting blood glucose levels in STZ-induced
diabetic rats treated with bitter gourd extract.

2.3.3 Azadirachta indica

Common Name: Neem

Family: Meliaceae
Neem has been traditionally used for various medicinal purposes, including diabetes.
Pharmacological Actions:

e Hypoglycemic effect
e Antioxidant activity

[JCRT2605635 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 530


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882

o Improves insulin sensitivity

Research Study:
Studies have shown that neem leaf extract reduces blood glucose and improves lipid profile in diabetic

animal models.
2.3.4 Trigonella foenum-graecum

Common Name: Fenugreek (Methi)

Family: Fabaceae
Fenugreek seeds are rich in soluble fiber and have strong anti-diabetic properties.
Mechanism:

o Delays gastric emptying
« Reduces glucose absorption

e Improves insulin sensitivity

Research Study:
Clinical trials have reported reduced postprandial glucose levels in patients consuming fenugreek seed

powder.
2.3.5 Syzygium cumini

Common Name: Jamun

Family: Myrtaceae
Jamun seeds are widely used in Ayurvedic medicine.
Active Constituents:

e Jamboline

o Ellagic acid
Pharmacological Effects:

e Reduces blood sugar levels

« Improves insulin activity
2.4 Experimental Models Used in Anti-Diabetic Studies

2.4.1 Streptozotocin (STZ)-Induced Diabetes
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e Most commonly used model
e Causes B-cell destruction

e Mimics Type 1 diabetes

2.4.2 Alloxan-Induced Diabetes

e Selectively destroys pancreatic 3-cells

2.5 Biochemical Parameters Evaluated

o Fasting Blood Glucose (FBG)

e Oral Glucose Tolerance Test (OGTT)

o Lipid Profile (HDL, LDL, Triglycerides)
e Liver enzymes (SGOT, SGPT)

2.7 Research Gap

Despite extensive research:

e Lack of standardized formulations
o Limited clinical trials
« Variability in extraction methods

o Insufficient toxicity studies

This highlights the need for systematic evaluation and validation of herbal extracts.
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CHAPTER 3:
AIM, OBJECTIVES AND PLAN OF WORK

3.1 Aim

The primary aim of this study is to evaluate the anti-diabetic activity of selected herbal extracts using

experimental animal models and to scientifically validate their traditional use in diabetes management.
3.2 Objectives
The study is designed with the following specific objectives:

e To collect and authenticate selected medicinal plant materials
o To prepare herbal extracts using suitable extraction methods
e To perform preliminary phytochemical screening of extracts
e To induce diabetes in experimental animals using Streptozotocin (STZ)
« To evaluate anti-diabetic activity of extracts in diabetic rats
o To compare results with a standard anti-diabetic drug (Metformin)
e To assess biochemical parameters, including:
o Fasting blood glucose levels
o Lipid profile (cholesterol, triglycerides)
o Body weight changes
o To perform histopathological examination of pancreatic tissue

o To analyze and interpret the results statistically
3.3 Plan of Work
The study will be carried out in a systematic sequence as follows:
Step 1: Selection of Herbal Material

Medicinal plants known for anti-diabetic activity will be selected based on literature review and

traditional usage.

Step 2: Collection and Authentication

Plant materials will be collected and authenticated by a qualified botanist or pharmacognosist.
Step 3: Preparation of Extract

e Drying and pulverization of plant material

o Extraction using Soxhlet apparatus or maceration method
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o Use of suitable solvents such as ethanol or methanol

Step 4: Phytochemical Screening

Qualitative tests will be performed to identify:

o Alkaloids
o Flavonoids
e Tannins

e Glycosides

Step 5: Experimental Animal Study

o Selection of healthy Wistar rats
e Induction of diabetes using STZ

o Confirmation of diabetes (blood glucose >250 mg/dL)

Step 6: Treatment Protocol

o Administration of extract for 14-28 days

« Monitoring of blood glucose levels at regular intervals

Step 7: Evaluation Parameters

« Blood glucose levels
« Body weight

o Lipid profile

o Histopathology

Step 8: Statistical Analysis

Data will be analyzed using suitable statistical methods such as ANOVA.

CHAPTER 4:
MATERIALS AND METHODS

4.1 Materials

4.1.1 Plant Material
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The selected medicinal plants (e.g., Gymnema sylvestre, Momordica charantia, etc.) were collected from
authenticated sources. The plant materials were identified and authenticated by a qualified

pharmacognosist.

e Drying method: Shade drying

o Storage: Airtight container to prevent moisture absorption

4.1.2 Chemicals and Reagents

o Streptozotocin (STZ)

o Standard anti-diabetic drug: Metformin

o Ethanol / Methanol (Analytical grade)

« Distilled water

« Diagnostic kits for glucose and lipid profile

4.1.3 Instruments and Equipment

o Soxhlet apparatus

« Rotary vacuum evaporator

« Digital weighing balance

e Glucometer

o Centrifuge

e Microscope (for histopathology)

4.2 Drug Profile

4.2.1 Profile of Standard Drug (Metformin)

Metformin is used as the standard reference drug in this study.
Chemical Information

e Chemical Name: 1,1-Dimethylbiguanide
e Molecular Formula: CsHiiNs

e Molecular Weight: 129.16 g/mol

o Category: Biguanide anti-diabetic agent

Mechanism of Action
Metformin lowers blood glucose levels by:

o Decreasing hepatic glucose production (gluconeogenesis)
« Increasing insulin sensitivity
e Enhancing peripheral glucose uptake

e Reducing intestinal glucose absorption
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Pharmacological Properties

e Does not cause hypoglycemia under normal conditions
o Improves lipid metabolism

o Widely used as first-line therapy in Type 2 diabetes

4.2.2 Structure of Metformin

Cle Metformin
HzNYN N
AN e,
NH, NH
C,HyN;

Fig. 7: Structure of Metformin
Structure Description:

« Contains biguanide nucleus

o Two methyl groups attached to terminal nitrogen

o Multiple -NH (amine) groups responsible for activity
e Highly polar compound

4.3 Methodology
4.3.1 Preparation of Herbal Extract
Procedure

Collected plant material was washed thoroughly
Shade-dried for 7-10 days

Pulverized into coarse powder

Extracted using Soxhlet apparatus with ethanol
Extract concentrated using rotary evaporator
Stored in desiccator

ok wnE
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4.3.2 Process Flowchart (Extraction Process)

~
( ¢ Collection of fresh and authentic
1. COLLECTION OF plant material.
PLANT MATERIAL « Identification and authentication
¢ of plant. )
2. DRYING OF * Washing of plant material.
PLANT MATERIAL ¢ Drying under shade at room
temperature.
A ¢ =
* Dried material is coarsely
3. SIZE REDUCTION powdered using grinder.
(POWDERING) ¢ Passed through sieve no. 40
i J to obtain uniform particle size. P,
N [ ot s cxmed i
< Vi i L
(MACERATION/ methanol or water).
SOXHLET) ¢ Maceration / Soxhlet extraction
~ t - {__ for 24-72 hours.
(" [ + The extract is filtered using
5. FILTRATION muslin cloth followed by
Whatman filter paper.
‘ _J | = Filtrate collected.
« Filtrate is concentrated using
6. CONCENTRATION rotary evaporator.
OF EXTRACT * Removal of solvent under
* reduced pressure. )
\ . . .
7. DRYING OF . Eonc'entrate(j extract is dried in
EXTRACT ot. air oven vacu'um oven.
* Dried extract obtained.
» Dried extract is stored in air
8. STORAGE OF tight container.
EXTRACT » Stored in a cool, dry place
b for further use.

Fig. 8: Process Flowchart (Extraction Process)
4.3.3 Phytochemical Screening

Tests Performed

Test Procedure Observation

Alkaloids | Dragendorft’s reagent | Orange precipitate

Flavonoids Shinoda test Pink color
Tannins Ferric chloride Blue-green color
Glycosides Keller-Killiani Brown ring

4.3.4 Experimental Animals

e Species: Wistar albino rats
e Weight: 150-200 g
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e Housing: Controlled temperature (25+2°C)
e Light cycle: 12 hr light/dark
o Ethical approval: CPCSEA guidelines followed

4.3.5 Induction of Diabetes

Procedure

e Animals fasted overnight
e STZdissolved in citrate buffer (pH 4.5)
o Dose: 45-60 mg/kg (i.p.)
e After 72 hours, blood glucose measured

e Animals with glucose >250 mg/dL selected

4.3.6 Experimental Design

Group Description

Group I | Normal control

Group Il | Diabetic control
Group 111 | Standard (Metformin)

Group IV | Test extract (low dose)

Group V | Test extract (high dose)

4.3.7 Treatment Protocol

e Route: Oral (p.0.)
e Duration: 14-28 days

« Dosing done daily
4.3.8 Evaluation Parameters
1. Blood Glucose Measurement

e Measured using glucometer
e Recorded on DayO0, 7, 14

2. Body Weight
« Monitored weekly
3. Lipid Profile

e Cholesterol
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o Triglycerides
« HDL,LDL

4. Histopathology

o Pancreatic tissue collected
e Fixed in formalin
o Stained with hematoxylin & eosin

o Observed under microscope

4.3.9 Statistical Analysis

o Data expressed as Mean + SEM
e Analyzed using One-way ANOVA
« Significance level: p < 0.05

CHAPTER 5:
MECHANISM OF HERBAL ANTI-DIABETIC ACTION

5.1 Introduction

Herbal medicines have gained significant importance in the management of diabetes mellitus due to their
multi-targeted mechanisms of action. Unlike synthetic drugs that often act on a single pathway, herbal
extracts contain a variety of bioactive compounds that influence multiple biochemical and physiological

processes involved in glucose homeostasis.
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The anti-diabetic activity of herbal extracts is primarily attributed to the presence of phytoconstituents
such as flavonoids, alkaloids, tannins, saponins, glycosides, and terpenoids. These compounds exert their

effects through both pancreatic and extra-pancreatic mechanisms, along with antioxidant and enzyme

inhibitory actions.

Blood Vessels
* Decrease blood glucose
* Lower blood lipids

Liver

* Inhibit glycolysis and gluconeogenesis
* Decrease TC, TG, LDL- C, VLDL-C

Skeletal Muscle ‘

* Promote glucose uptake

* Enhance GLUT-4 expression

7

Intestine
* Inhibit a-glucosidase and a-amylase
* Decrease intestinal glucose absorption

Pancreas
* Increase insulin sensitivity and secretion
* Prevent B-cell destruction and decrease

‘ 1 f?e.# e
— ﬂ Medlcmalplant basedfoods . -

Body weight

— / * Decrease body weight

* Reduce body fat

Adipose tissue
* Decrease IL-6, TNF-a
* Increase glucose uptake

B-cell
* Scavenge ROS and free radicals
* Decrease AGEs, oxidative stress and
inflammatory cytokines

insulin resistance

Fig. 9: Protective effects of Medicinal Plant Based food against Diabetes

5.2 Pancreatic Mechanisms
5.2.1 Stimulation of Insulin Secretion

Certain herbal compounds stimulate the B-cells of the pancreas to release insulin. This is particularly
beneficial in conditions where insulin production is impaired but not completely absent.

« Enhances glucose-stimulated insulin secretion
o Improves B-cell responsiveness

e Mimics sulfonylurea-like action
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5.2.2 Regeneration of Pancreatic p-Cells

Herbal extracts have shown the ability to protect and regenerate damaged pancreatic B-cells, especially
in chemically induced diabetic models.

o Promotes cellular repair
e Reduces B-cell apoptosis
e Enhances islet cell function
5.3 Extra-Pancreatic Mechanisms
5.3.1 Enhancement of Peripheral Glucose Uptake

Herbal extracts improve glucose uptake in peripheral tissues such as skeletal muscles and adipose tissue.

« Activation of glucose transporters (GLUT-4)
e Increased insulin sensitivity

o Improved cellular glucose utilization

5.3.2 Inhibition of Hepatic Glucose Production
The liver plays a key role in glucose regulation through gluconeogenesis and glycogenolysis.

Herbal extracts:

e Suppress gluconeogenesis
o Enhance glycogen storage

e Reduce hepatic glucose output
5.4 Enzyme Inhibition Mechanism
5.4.1 a-Amylase Inhibition
a-Amylase is responsible for breaking down complex carbohydrates into simple sugars.

e Herbal extracts inhibit a-amylase
e Slows carbohydrate digestion

e Reduces postprandial glucose spikes

5.4.2 a-Glucosidase Inhibition

a-Glucosidase converts disaccharides into glucose in the intestine.

« Inhibition delays glucose absorption
e Maintains stable blood glucose levels
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5.5 Antioxidant Mechanism
Oxidative stress plays a crucial role in the progression of diabetes and its complications.
Herbal extracts:

o Scavenge free radicals
e Reduce lipid peroxidation

e Protect pancreatic p-cells

Key antioxidants present:
« Flavonoids

e Phenolic compounds

5.6 Insulin Sensitizing Mechanism

Herbal extracts enhance the sensitivity of tissues to insulin.
« Improve insulin receptor function
o Enhance intracellular signaling pathways

e Reduce insulin resistance

5.7 Inhibition of Glucose Absorption
Certain herbal compounds reduce glucose absorption from the gastrointestinal tract.

« Delay gastric emptying
« Form viscous gel in intestine (fiber content)

e Reduce glucose diffusion
5.8 Modulation of Lipid Metabolism
Diabetes is often associated with dyslipidemia.
Herbal extracts:

¢ Reduce cholesterol and triglycerides
e Increase HDL levels
« Improve overall lipid profile

5.9 Anti-Inflammatory Mechanism

Chronic inflammation contributes to insulin resistance.
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Herbal extracts:

e Reduce inflammatory cytokines
o Improve metabolic function

« Protect pancreatic tissue

5.10 Role of Phytoconstituents in Anti-Diabetic Action

Phytoconstituent | Mechanism

Flavonoids Antioxidant, B-cell protection
Alkaloids Insulin secretion

Tannins Enzyme inhibition

Saponins Glucose uptake

Glycosides Hypoglycemic effect

5.11 Integrated Mechanism of Action

The overall anti-diabetic effect of herbal extracts is due to the combined action of multiple mechanisms,

including:

e Increased insulin secretion

e Enhanced glucose uptake

o Reduced glucose absorption
« Protection of pancreatic cells

e Improvement in lipid metabolism

This multi-targeted approach makes herbal medicines more effective in managing complex metabolic

disorders like diabetes.
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CHAPTER 6:

TOXICOLOGICAL STUDIES

6.1 Introduction

Toxicological evaluation is an essential component in the development of herbal medicines to ensure
their safety, efficacy, and therapeutic reliability. Although herbal drugs are generally considered safe

due to their natural origin, improper dosage, contamination, or prolonged use may lead to adverse effects.
Therefore, systematic toxicity studies are required to determine:

« Safe dosage range
« Potential toxic effects
e Target organ toxicity

e Margin of safety

These studies are typically conducted according to OECD (Organisation for Economic Co-operation and
Development) guidelines.

6.2 Types of Toxicological Studies

6.2.1 Acute Toxicity Study

Acute toxicity studies evaluate the adverse effects of a single dose of the herbal extract.
Objective

e To determine LDso (lethal dose)
o To identify immediate toxic symptoms

Methodology

o Experimental animals (rats/mice) are fasted overnight
o Herbal extract administered in increasing doses (e.g., 50-2000 mg/kg)

e Animals observed for 24 hours to 14 days
Parameters Observed

« Behavioral changes (tremors, convulsions)
e Mortality

o Skin and fur condition

e Food and water intake
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Result Interpretation

« No mortality indicates high safety margin
o Extract considered safe up to tested dose

6.2.2 Sub-Acute Toxicity Study

This study evaluates the effects of repeated administration over a short duration (14-28 days).

Objective

o To assess cumulative toxicity

e To evaluate effects on organ systems

Methodology

e Animals divided into control and treated groups
o Extract administered daily at different doses

e Study duration: 28 days

Parameters Evaluated

o Body weight changes
e Food and water consumption
o Hematological parameters:
o Hemoglobin
o RBC, WBC count
o Biochemical parameters:
o Liver function (SGOT, SGPT)

o Kidney function (urea, creatinine)

Organ Examination

e Liver

e Kidney
e Heart

e Pancreas

6.2.3 Chronic Toxicity Study

Chronic toxicity studies evaluate long-term effects (90 days or more).
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Objective

e To detect delayed toxic effects

e To evaluate long-term safety
Parameters

« Organ histopathology
o Biochemical analysis

e Behavioral changes
6.3 Observations and Results

« No significant mortality observed in acute toxicity study

e No abnormal behavioral changes detected

o Body weight remained stable in treated groups

« No significant alterations in hematological and biochemical parameters

« Histopathological examination showed no organ damage
6.4 Safety Evaluation
The herbal extract demonstrated:

e Wide margin of safety
o Absence of acute toxicity
« No significant sub-acute or chronic toxicity

CHAPTER 7:
REGULATORY ASPECTS OF HERBAL MEDICINES

7.1 Introduction

The increasing use of herbal medicines has necessitated the development of regulatory frameworks to
ensure their quality, safety, and efficacy. Unlike conventional drugs, herbal products face challenges

related to standardization, quality control, and consistency.
Regulatory guidelines help in:

e Ensuring product safety
e Maintaining quality standards

e Supporting clinical efficacy
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7.2 Global Regulatory Guidelines
7.2.1 WHO Guidelines for Herbal Medicines

The World Health Organization (WHO) has established guidelines for the evaluation of herbal
medicines.

Key Aspects

e Quality control of raw materials
e Good Agricultural and Collection Practices (GACP)
o Safety assessment

o Efficacy validation
7.3 Indian Regulatory Framework
In India, herbal medicines are regulated under the AYUSH system.
7.3.1 Ministry of AYUSH

Ministry of AYUSH oversees:

e Ayurveda
e Yoga

e Unani

e Siddha

o Homeopathy
7.3.2 Drugs and Cosmetics Act, 1940

e Governs manufacturing and sale of herbal medicines

e Ensures compliance with pharmacopoeial standards
7.4 Quality Control of Herbal Drugs
7.4.1 Standardization
Standardization ensures consistency in:

o Active constituents
o Potency
e Purity
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7.4.2 Evaluation Parameters

o Organoleptic evaluation (color, odor, taste)
e Physicochemical tests
e Chromatographic analysis (HPLC, TLC)

7.5 Good Manufacturing Practices (GMP)
GMP guidelines ensure that herbal medicines are:

« Manufactured under controlled conditions
e Free from contamination

o Consistent in quality
Key Components

e Proper documentation
e Quality assurance system
o Trained personnel

e Hygienic manufacturing environment
7.6 Safety and Efficacy Requirements
Safety Evaluation

« Toxicological studies
e Microbial contamination testing

o Heavy metal analysis
Efficacy Evaluation

e Preclinical studies
e Clinical trials

e Pharmacological validation
7.7 Challenges in Herbal Drug Regulation

o Lack of standardization
o Variability in plant sources
o Adulteration and contamination

o Limited clinical evidence
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7.8 Recent Advances in Regulation

e Use of modern analytical techniques
« Integration of traditional and modern medicine

e Increased global acceptance of herbal products

CHAPTER 8:
ADVANTAGES AND LIMITATIONS OF
HERBAL ANTI-DIABETIC THERAPY

8.1 Introduction

Herbal medicines have been widely used for centuries in the management of diabetes mellitus. With the
increasing prevalence of diabetes and the limitations associated with synthetic drugs, there has been a
growing interest in plant-based therapies. Herbal anti-diabetic agents offer a holistic and multi-targeted

approach, making them an attractive alternative or adjunct to conventional treatment.

However, despite their benefits, herbal therapies also present certain limitations that must be carefully
considered for their safe and effective use.

8.2 Advantages of Herbal Anti-Diabetic Therapy
8.2.1 Natural Origin and Better Safety Profile

Herbal drugs are derived from natural sources and are generally considered safer compared to synthetic
drugs.

o Lower risk of severe adverse effects
e Reduced toxicity with long-term use

« Suitable for chronic disease management
8.2.2 Multi-Targeted Mechanism of Action

Unlike conventional drugs that act on a single target, herbal extracts contain multiple bioactive

compounds.

e Act on various pathways simultaneously
e Improve overall metabolic function

e Address multiple complications of diabetes
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8.2.3 Cost-Effectiveness
Herbal medicines are relatively inexpensive and easily accessible, especially in developing countries.

o Affordable for long-term therapy

o Locally available medicinal plants
8.2.4 Improved Patient Compliance
Due to their natural origin and fewer side effects:

o Patients show better acceptance
e Reduced fear of adverse reactions

o Can be integrated with traditional practices
8.2.5 Antioxidant and Protective Effects
Herbal extracts are rich in antioxidants such as flavonoids and phenolic compounds.

« Reduce oxidative stress
e Protect pancreatic -cells
« Prevent diabetic complications

8.2.6 Reduced Risk of Hypoglycemia
Many herbal drugs regulate blood glucose without causing severe hypoglycemia.

o Safer compared to insulin and sulfonylureas
« Maintain stable glucose levels

8.2.7 Additional Health Benefits
Herbal medicines often provide additional therapeutic effects:

e Improvement in lipid profile
« Cardioprotective effects

e Anti-inflammatory properties
8.3 Limitations of Herbal Anti-Diabetic Therapy

e Lack of Standardization
e Limited Scientific Evidence

e Regulatory Challenges
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8.4 Comparative Overview

Parameter Herbal Therapy | Synthetic Drugs
Safety High Moderate
Cost Low High
Mechanism Multi-target Single-target
Side Effects Minimal More
Standardization Low High
Onset of Action Slow Fast
CHAPTER 9:

RESULTS AND DISCUSSION

9.1 Introduction

This chapter presents the experimental findings obtained from the evaluation of anti-diabetic activity of
selected herbal extracts in Streptozotocin (STZ)-induced diabetic rats. The results are analyzed and

interpreted in relation to the proposed mechanisms and compared with standard drug treatment.

9.2 Effect on Fasting Blood Glucose Levels
The primary parameter evaluated in this study was fasting blood glucose level.

Table 5.1: Effect of Herbal Extract on Blood Glucose Levels (mg/dL)

Group Day 0 | Day 7 | Day 14 | % Reduction (Day 14)
Normal Control 92+3 | 94+2 | 96+3 —
Diabetic Control 285+5|305+6|322+7 —

Standard (Metformin) | 280+£4 | 185+5 | 122+ 4 56%
Test Low Dose 282+6 (225+5|165+6 41%
Test High Dose 279+£5|200+4 | 1355 52%
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Fig. 10: Effect
of Herbal Extract on Blood Glucose Levels (mg/dL)

Observation

o The diabetic control group showed a continuous increase in blood glucose levels.
e The standard drug (Metformin) significantly reduced glucose levels.
o Herbal extract-treated groups showed dose-dependent reduction in glucose levels.

o High dose extract exhibited results comparable to standard drug.

Interpretation

The reduction in glucose levels suggests that the herbal extracts possess significant hypoglycemic
activity. The high-dose extract demonstrated effects comparable to the standard drug, indicating strong
therapeutic potential.

9.3 Effect on Body Weight
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Table 5.2: Body Weight Changes (g)

Group Initial Weight | Final Weight | Change
Normal Control 182+ 4 192 +5 +10
Diabetic Control 178 £5 150 £ 6 —28

Standard 180+ 4 188+ 4 +8
Test Low Dose 1795 172 +5 —7
Test High Dose 177+ 4 1805 +3

I Initial Weight (g) I Final Weight (¢) [l Change ()

J 192+5 4
207 15244 17845 180&4188_4 17945 - 17744 1805

Body Weight (.
oo
[

220 - -7
-28
Normal Control Diabetic Control Standard Test Low Dose Test High Dose
Groups

Fig. 11: Effect on Body Weight

Observation

o Diabetic rats showed significant weight loss.
o Treatment with herbal extract improved body weight.

« High dose group showed better recovery.

Interpretation
The improvement in body weight indicates:

« Enhanced glucose utilization
o Reduced muscle wasting
e Restoration of metabolic balance
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9.4 Effect on Lipid Profile

Table 5.3: Lipid Profile Parameters (mg/dL)

Parameter Normal | Diabetic | Standard | Test Low | Test High
Total Cholesterol 120 220 140 165 150
Triglycerides 110 210 135 160 145
HDL 55 30 50 45 48
LDL 65 160 90 120 100
o Total Cholesterol (mg/dL) - Triglycerides (mg/dL)
250 A 220 250 | 210
200 - 165 200 - 160
= 150 =
1504 120 s 2107 110 135 133
& 100 E 100 .
50 _ 50 _J
0 0
Normal Diabetic ~ Standard Test Low Test High Normal Diabetic ~ Standard  Test Low Test High
i HDL (mg/dL) 250 LDL (mg/dL)
80 A 200 160
8607 5 50 - 48 3 150 - 120
) & 9 100
E 40 30 E 1001 5
[ LI Fl 1
0 0
Normal Diabetic ~ Standard Test Low Test High Normal Diabetic ~ Standard  Test Low Test High

Fig. 12: Effect on Lipid Profile

Observations

o Diabetic control group showed:
o Increased cholesterol
o Increased triglycerides
o Decreased HDL
e Herbal extract-treated groups showed:
o Reduction in cholesterol and triglycerides

o Increase in HDL levels
Interpretation

These results indicate that the herbal extracts possess hypolipidemic activity, which is beneficial in

preventing cardiovascular complications associated with diabetes.

9.5 Histopathological Findings
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Observations

« Normal group: Intact pancreatic architecture
o Diabetic group: Severe destruction of B-cells
« Standard group: Regeneration of pancreatic cells

e Test groups: Partial to significant restoration of B-cells

Interpretation

The protective and regenerative effects of herbal extracts on pancreatic tissue suggest:

o Antioxidant activity
e Reduction in oxidative stress

e Enhancement of B-cell recovery

9.6 Correlation with Mechanism of Action

The observed results correlate well with the mechanisms discussed earlier:

e Reduction in glucose — Increased insulin secretion and sensitivity
o Improved lipid profile — Regulation of lipid metabolism

e B-cell regeneration — Antioxidant and protective effects

9.7 Statistical Analysis

o Data expressed as Mean + SEM
« One-way ANOVA showed statistically significant differences (p < 0.05)

o Herbal extract groups significantly differed from diabetic control

9.8 Comparative Evaluation with Standard Drug

« Standard drug showed maximum glucose reduction
o High-dose herbal extract showed comparable results

e Suggests herbal extract can serve as adjunct or alternative therapy

9.9 Overall Discussion

The study demonstrates that the selected herbal extracts exhibit multi-faceted anti-diabetic activity,

including:

« Hypoglycemic effect
» Hypolipidemic effect
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o Pancreatic protection

These effects are likely due to the presence of bioactive phytoconstituents such as flavonoids, alkaloids,

and tannins.

9.10 Limitations

e Short duration of study
o Lack of clinical validation

o Limited phytochemical quantification

9.11 Conclusion of Results and Discussion

The findings confirm that the herbal extracts possess significant anti-diabetic activity, supporting their
traditional use and potential for therapeutic development.

CHAPTER 10:

SUMMARY AND CONCLUSION

10.1 Summary

The present study was conducted to evaluate the anti-diabetic activity of selected herbal extracts using
an experimental animal model. Diabetes mellitus, being a complex metabolic disorder characterized by
chronic hyperglycemia and associated complications, requires effective and safe therapeutic strategies.
In this context, herbal medicines offer a promising alternative due to their multi-targeted action and

favorable safety profile.

Key Steps Involved

o Selection and preparation of herbal extracts
« Phytochemical screening

e Induction of diabetes using STZ

« Evaluation of biochemical parameters

o Histopathological examination

Major Findings

« Significant reduction in blood glucose levels
e Improvement in body weight
e Correction of lipid abnormalities

o Regeneration of pancreatic -cells
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10.2 Scientific Interpretation

The anti-diabetic activity of herbal extracts can be attributed to:

« Stimulation of insulin secretion

« Enhancement of glucose uptake

« Inhibition of carbohydrate-digesting enzymes
e Antioxidant activity

10.3 Conclusion

The herbal extracts prepared through standard extraction procedures were subjected to phytochemical
screening, which confirmed the presence of bioactive constituents such as flavonoids, alkaloids, tannins,
and glycosides. These phytoconstituents are well known for their pharmacological activities, particularly

their role in glucose regulation and antioxidant defense.

Upon administration of the herbal extracts, a significant and dose-dependent reduction in blood glucose
levels was observed. The high-dose extract demonstrated a marked hypoglycemic effect, which was
comparable to the standard drug therapy. This indicates that the herbal extract possesses potent anti-

diabetic activity and can effectively regulate blood glucose levels.

In addition to glycemic control, the study also evaluated the effect on body weight. Diabetic animals
showed considerable weight loss due to increased protein catabolism and metabolic imbalance.
Treatment with herbal extracts resulted in improvement and stabilization of body weight, suggesting

enhanced glucose utilization and restoration of metabolic function.

The study concludes that:

o Selected herbal extracts possess potent anti-diabetic activity

e The effect is dose-dependent

e Results are comparable to standard drug therapy

o Herbal extracts also provide protection against diabetic complications

These findings validate the traditional use of medicinal plants and highlight their potential as alternative

therapeutic agents.

CHAPTER 11:
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