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Abstract- Diabetes mellitus is a chronic metabolic disorder 

characterized by hyperglycemia resulting from defects in 

insulin secretion, insulin action, or both. Herbal 

antidiabetic formulations have gained significant 

importance due to their multi-target mechanisms, safety, 

and cost-effectiveness. Medicinal plants contain bioactive 

compounds such as flavonoids, alkaloids, glycosides, 

terpenoids, and phenolics that exert hypoglycemic effects. 

These phytoconstituents regulate glucose metabolism 

through mechanisms including insulin secretion 

enhancement, inhibition of carbohydrate-digesting 

enzymes, and improvement of insulin sensitivity. This 

review discusses medicinal plants, formulation strategies, 

mechanisms, evaluation parameters, advantages, and 

future prospects of herbal antidiabetic formulations. 
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I. INTRODUCTION 

 

1.1 Overview of Diabetes Mellitus 

Diabetes mellitus (DM) is a global health concern 

affecting millions worldwide. It occurs due to 

impaired insulin secretion or resistance, leading to 

elevated blood glucose levels and metabolic 

disturbances.  

 

It is a chronic, progressive metabolic disorder 

characterized by persistent hyperglycemia resulting 

from defects in insulin secretion, insulin action, or 

both. It affects the metabolism of carbohydrates, 

lipids, and proteins, leading to serious long-term 

complications if not properly managed. Diabetes 

mellitus is considered one of the leading global health 

concerns due to its increasing prevalence, high 

morbidity, and associated mortality. 

 

The central feature of diabetes is elevated blood 

glucose levels caused by abnormalities in the hormone 

Insulin. Insulin is secreted by the β-cells of the 

Pancreas and plays a vital role in maintaining glucose 

homeostasis by promoting glucose uptake in tissues 

such as muscle and adipose tissue and inhibiting 

glucose production in the liver. In diabetes, either 

insulin production is insufficient or the body's tissues 

fail to respond effectively to insulin, a condition 

known as insulin resistance. 

 

Diabetes mellitus has reached epidemic proportions 

worldwide due to rapid urbanization, unhealthy 

dietary habits, lack of physical activity, obesity, and 

genetic predisposition. It not only affects the quality of 

life but also imposes a heavy economic burden on 

healthcare systems. 

 

1.2 Types of Diabetes melitus: It is classified in two 

• Type 1 Diabetes  

• Type 2 Diabetes  

 

1.2.1 Type 1 Diabetes Mellitus (T1DM) 

Definition 

An autoimmune disorder characterized by destruction 

of pancreatic β-cells, leading to absolute insulin 

deficiency. 

 

Causes 

• Autoimmune response (T-cell mediated)  

• Genetic predisposition  

• Environmental triggers (viral infections)  

 

Characteristics 

• Sudden onset  

• Common in children and young adults  

• Requires lifelong insulin therapy  
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1.2.2 Type 2 Diabetes Mellitus (T2DM) 

Definition 

A metabolic disorder characterized by insulin 

resistance and relative insulin deficiency. 

Causes 

• Obesity  

• Sedentary lifestyle  

• Genetic factors  

 

Characteristics 

• Gradual onset  

• Common in adults (now increasing in youth)  

• Managed with lifestyle changes, oral drugs, or 

insulin  

 

II. HERBAL FORMULATION 

 

A herbal formulation is a finished medicinal product 

prepared by combining plant materials (whole plants 

or extracts) with suitable excipients to ensure stability, 

efficacy, and patient acceptability. 

 

2.1. Types of Herbal Formulations 

2.1.1. Single Herbal Formulation 

• Contains only one medicinal plant  

• Example: Extract of Gymnema sylvestre  

• Used when a single herb provides desired 

therapeutic action 

  

 
 

 
Fig. 1. Single Herbal formulation 

2.1.2.  Polyherbal Formulation 

• Combination of two or more herbs  

• Provides synergistic effect  

• Common in antidiabetic therapy 

  

 
 

 
Fig 2. Polyherbal formulation 

 

Example herbs: 

• Momordica charantia  

• Trigonella foenum-graecum  

• Azadirachta indica  

 

2.2. Dosage Forms of Herbal Formulations 

2.2.1 Solid Dosage Forms 

• Tablets  

• Capsules  

• Powders (Churna)  

• Granules 

 

2.2.2. Liquid Dosage Forms 

• Syrups  

• Decoctions  

• Infusions  
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• Tinctures 

• Elixirs 

• Solutions  

 

2.2.3.  Semi-solid Dosage Forms 

• Ointments  

• Creams  

• Gels 

• Paste 

 

2.3. Steps Involved in Herbal Formulation 

Development (Detailed Explanation) 

Herbal formulation development is a systematic and 

scientific process that ensures the safety, efficacy, and 

quality of plant-based medicines. Each step plays a 

crucial role in converting raw plant material into a 

stable and effective dosage form. 

 

2.3.1. Selection of Plant Material 

This is the first and most critical step. 

• Selection is based on traditional use, literature 

review, and pharmacological evidence  

• Correct plant part is chosen (leaf, root, bark, seed, 

flower)  

• Factors considered:  

o Geographical source  

o Season of collection  

o Maturity of plant  

• Example: Gymnema sylvestre is selected for 

antidiabetic activity  

 

2.3.2. Authentication and Identification 

Ensures the plant used is genuine and free from 

adulteration. 

• Botanical identification by taxonomist  

• Macroscopic evaluation (color, odor, taste, shape)  

• Microscopic examination (cell structure, tissues)  

• Comparison with herbarium samples  

• Avoids substitution or adulteration  

 

2.3.3. Drying and Size Reduction 

• Fresh plant materials contain moisture and must be 

dried  

• Methods:  

o Shade drying (preferred to preserve active 

compounds)  

o Sun drying or oven drying  

• After drying → size reduction 

(grinding/pulverization)  

• Benefits:  

o Prevents microbial growth  

o Increases surface area for extraction  

 

2.3.4. Extraction of Active Constituents 

Extraction of active constituents is a crucial step in 

herbal formulation development where biologically 

active compounds (phytochemicals) are separated 

from crude plant materials using suitable solvents and 

techniques. Purpose of extraction is to extract 

phytochemicals like alkaloids, flavonoids, tannins, 

glycosides  

 

This step isolates bioactive compounds. 

Common extraction methods: 

• Maceration  

• Percolation  

• Soxhlet extraction  

• Decoction or infusion  

 

Solvents used: 

• Water  

• Ethanol  

• Methanol  

• Hydroalcoholic mixtures  

 

 
Fig. 3. Flow chart of extraction process 
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2.3.5. Formulation with Excipients 

The extract is converted into a suitable dosage form. 

• Mixed with excipients (inactive substances)  

• Common excipients:  

o Binders  

o Fillers  

o Disintegrants  

o Lubricants  

 

Dosage forms prepared: 

• Tablets  

• Capsules  

• Syrups  

• Gels or ointments  

 

Objective: 

• Improve stability, bioavailability, and patient 

compliance  

 

2.3.6. Evaluation and Standardization 

Ensures quality, safety, and consistency. 

Preformulation Parameters 

• Angle of repose  

• Bulk density  

• Tapped density  

• Carr’s index  

• Hausner ratio  

 

Postformulation Parameters 

• Hardness  

• Friability  

• Weight variation  

• Disintegration time  

• Dissolution studies  

 

Standardization Includes: 

• Phytochemical analysis  

• Assay of active constituents  

• Microbial testing  

• Stability studies  

 

2.6. 7. Packaging and Storage 

Final step to maintain product quality. 

• Packed in suitable containers:  

o Blister packs  

o Bottles  

o Strip packs  

• Protects from:  

o Moisture  

o Light  

o Air contamination 

  

 
Fig. 4.  Herbal formulation 

 

Storage conditions: 

• Cool and dry place  

• Controlled temperature and humidity                   

 

III. NEED FOR HERBAL ANTIDIABETIC 

DRUGS 

 

• Increasing prevalence of diabetes  

• Side effects of synthetic drugs  

• Drug resistance and reduced efficacy  

• Cost burden  

 

Herbal medicines provide a safer and holistic approach 

due to their multi-target activity.  

 

IV. PATHOPHYSIOLOGY OF DIABETES 

 

4.1 Pathophysiology Overview 

The central defect in diabetes is hyperglycemia due to 

impaired insulin function 

 

This occurs through: 

• ↓ Insulin secretion  

• ↓ Insulin sensitivity (insulin resistance)  

• ↑ Hepatic glucose production  

 

4.2. Pathophysiology of Type 1 Diabetes Mellitus 

(T1DM) 

 

4.2.1 Autoimmune Destruction 

• Immune system attacks pancreatic β-cells  

• Mediated by T-lymphocytes  
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4.2.2 Insulin Deficiency 

• Absolute insulin deficiency  

• No glucose uptake → hyperglycemia  

 

4.2.3 Ketogenesis 

• Fat breakdown → ketone bodies  

• Leads to diabetic ketoacidosis (DKA)  

 

Key Features: 

• Sudden onset  

• Common in young individuals  

• Requires insulin therapy  

 

4.3 Pathophysiology of Type 2 Diabetes Mellitus 

(T2DM) 

4.3.1 Insulin Resistance 

• Peripheral tissues (muscle, fat) do not respond to 

insulin  

• Reduced glucose uptake  

 

4.3.2 β-cell Dysfunction 

• Pancreas initially compensates by increasing 

insulin  

• Later β-cell failure → decreased insulin  

 

4.3.3 Increased Hepatic Glucose Output 

• Liver produces excess glucose (gluconeogenesis) 

• Insulin deficiency  

• Insulin resistance  

• Increased hepatic glucose production  

• Impaired glucose uptake  

 

Hyperglycemia leads to complications such as 

neuropathy, nephropathy, and retinopathy. 

 

V. PHYTOCHEMICALS IN HERBAL 

ANTIDIABETICS 

 

Major classes: 

Class Example Action 

Flavonoids Quercetin Antioxidant 

Alkaloids Berberine Insulin sensitizer 

Terpenoids Ginsenosides Glucose regulation 

Phenolics Tannins Enzyme inhibition 

 

These compounds act through multiple biochemical 

pathways to regulate glucose homeostasis.  

VI. MEDICINAL PLANTS WITH 

ANTIDIABETIC ACTIVITY 

 

6.1 Gymnema sylvestre 

• Reduces glucose absorption  

6.2 Momordica charantia (Bitter gourd) 

• Insulin-like activity  

6.3 Trigonella foenum-graecum (Fenugreek) 

• Improves insulin sensitivity  

6.4 Withania somnifera (Ashwagandha) 

• Reduces stress-induced hyperglycemia  

6.5 Allium sativum (Garlic) 

• Enhances insulin secretion  

6.6 Moringa oleifera 

• Antioxidant and hypoglycemic  

 

These plants significantly reduce blood glucose levels 

and improve metabolic functions.  

 

VII. MECHANISM OF ACTION 

 

Herbal antidiabetic agents act via: 

7.1 Insulin Secretion Enhancement 

Stimulates pancreatic β-cells 

 

7.2 Insulin Sensitization 

Improves glucose uptake in tissues 

 

7.3 Enzyme Inhibition 

• α-amylase inhibition  

• α-glucosidase inhibition  

 

7.4 Glucose Absorption Reduction 

Delays carbohydrate digestion 

 

7.5 Antioxidant Activity 

Reduces oxidative stress 

These mechanisms collectively help regulate blood 

glucose levels.  

 

VIII. HERBAL ANTIDIABETIC 

FORMULATION 

 

8.1 Types of Formulations 

• Tablets  

• Capsules  

• Syrups  

• Powders  
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• Mouth dissolving tablets  

 

8.2 Polyherbal Formulations 

Combination of herbs enhances therapeutic efficacy 

through synergism. Polyherbal formulations are 

preparations that contain two or more medicinal plants 

combined in a single dosage form to achieve enhanced 

therapeutic efficacy. In the management of Diabetes 

Mellitus, polyherbal formulations are widely used due 

to their multi-target action, synergistic effects, and 

reduced side effects compared to single-herb 

therapies. 

 

Traditional systems like Ayurveda strongly advocate 

polyherbal combinations to improve bioavailability 

and therapeutic outcomes. 

 

X. FORMULATION TECHNIQUES 

 

10.1 Extraction Methods 

• Maceration  

• Soxhlet extraction  

• Percolation  

 

10.2 Drying Techniques 

• Freeze drying  

• Spray drying  

 

10.3 Granulation 

• Wet granulation  

• Direct compression  

 

IX. EVALUATION PARAMETERS 

 

11.1 Physical Evaluation 

• Hardness: 

The force required to break a tablet; indicates its 

mechanical strength and ability to withstand 

handling.  

• Friability: 

The tendency of a tablet to crumble or break during 

handling; measured as % weight loss after rotation 

in a friabilator.  

• Weight Variation 

 

Test to ensure uniformity of tablet weight; individual 

tablets are compared with the average weight to check 

consistency.  

11.2 Chemical Evaluation 

• Phytochemical screening  

• Stability studies  

 

11.3 Biological Evaluation 

• Blood glucose measurement  

• Oral glucose tolerance test  

• HbA1c levels  

 

XII. ROLE OF ANTIOXIDANTS 

 

Oxidative stress plays a key role in diabetes 

progression. Herbal antioxidants: 

• Protect β-cells  

• Reduce complications  

• Improve insulin function  

 

XIII. HERBAL DRUG DELIVERY SYSTEMS 

 

13.1Nano-formulations: 

Drug delivery systems where herbal drugs are 

formulated into nanoparticles (1–100 nm) to improve 

bioavailability, stability, and targeted delivery.  

 

13.2Liposomes: 

Spherical vesicles made of phospholipid bilayers that 

encapsulate drugs, enhancing solubility, protection, 

and controlled release.  

 

13.3Phytosomes: 

Complexes of plant extracts (phytoconstituents) with 

phospholipids, designed to improve absorption and 

bioavailability of herbal compounds. 

 

These systems enhance bioavailability and efficacy. 

 

XIV. ADVANTAGES 

 

• Natural origin  

• Fewer side effects  

• Multi-target action  

• Cost-effective  

 

XV. LIMITATIONS 

 

• Lack of standardization  

• Variable potency  

• Limited clinical trials  
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• Stability issues  

 

XVI. SYNERGISTIC EFFECTS 

 

Combination of herbs improves therapeutic outcomes 

and reduces toxicity. Synergistic effects occur when a 

combination of medicinal herbs produces a greater 

therapeutic effect than individual herbs used alone. In 

polyherbal formulations, different plants act through 

multiple mechanisms, enhancing overall efficacy. This 

combination can improve bioavailability and 

absorption of active constituents. It also helps in 

reducing the required dose of individual herbs, thereby 

minimizing potential side effects and toxicity. As a 

result, synergistic herbal formulations provide more 

effective and safer treatment for chronic conditions 

like Diabetes Mellitus. 

 

XVII. ROLE IN TYPE 2 DIABETES 

MANAGEMENT 

 

Herbal drugs: 

• Reduce insulin resistance  

• Improve lipid profile  

• Prevent complications  

 

XVIII. SAFETY AND TOXICITY 

 

Most herbal drugs show low toxicity, but: 

• Dose standardization is required  

• Long-term safety studies are needed  

 

XIX. RECENT ADVANCES 

 

• Nano-herbal formulations  

• Targeted drug delivery  

• Molecular-level research  

 

Modern research focuses on identifying bioactive 

compounds and their mechanisms.  

 

XX. FUTURE PROSPECTS 

 

• Development of novel phytochemicals  

• Integration with modern medicine  

• Clinical validation  

 

Medicinal plants provide promising candidates for 

drug discovery. 

  

XXI. DISCUSSION 

 

Herbal antidiabetic formulations offer a promising 

alternative to conventional therapies. Their multi-

target mechanisms and ability to address 

complications make them valuable in diabetes 

management. 

 

XXII. CONCLUSION 

 

Herbal antidiabetic formulations represent a safe, 

effective, and economical approach to diabetes 

management. However, further research, 

standardization, and clinical trials are essential for 

their widespread use. 
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