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ABSTRACT 

Background: Glimepiride, a third-generation sulfonylurea antidiabetic agent, suffers from 

poor aqueous solubility (0.0042 mg/mL) and first-pass metabolism when administered orally, 

limiting its therapeutic efficacy. Transdermal delivery offers an attractive alternative, but 

conventional formulations exhibit poor skin permeation. This study developed and evaluated 

glimepiride-loaded transfersomal gel to enhance transdermal drug delivery for type 2 diabetes 

management. 

 

Glimepiride transfersomes were prepared by thin film hydration method using 

phosphatidylcholine and sodium deoxycholate as edge activator. Formulations were optimized 

using factorial design and characterized for vesicle size, entrapment efficiency, deformability 

index, and zeta potential. Optimized transfersomes were incorporated into Carbopol 934 gel and 

evaluated for physicochemical properties, drug release, and ex vivo skin permeation. 

 

Keywords: Glimepiride, Transfersomes, Transdermal drug delivery, Ultra-deformable vesicles, 

Type 2 diabetes mellitus 

 

INTRODUCTION 

Background 

Diabetes mellitus represents one of the most significant global health challenges of the 21st 

century, affecting millions of individuals worldwide and imposing substantial economic burdens 

on healthcare systems [1]. The International Diabetes Federation estimates that approximately 537 

million adults were living with diabetes in 2021, with projections indicating this number could rise 

to 783 million by 2045 [2]. Type 2 diabetes mellitus accounts for approximately 90-95% of all 

diabetes cases and is characterized by insulin resistance and progressive beta-cell dysfunction [3]. 

The chronic hyperglycemia associated with diabetes leads to severe long-term complications 
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including retinopathy, nephropathy, neuropathy, and cardiovascular diseases, significantly 

impacting patient quality of life and mortality rates [4]. 

The pharmacological management of type 2 diabetes has evolved considerably over the past 

decades, with sulfonylureas remaining a cornerstone of therapeutic intervention [5]. Among the 

second-generation sulfonylureas, glimepiride has emerged as a widely prescribed oral 

hypoglycemic agent due to its potent glucose-lowering effects and relatively favorable safety 

profile [6]. Glimepiride exerts its therapeutic action primarily by stimulating insulin secretion from 

pancreatic beta cells through closure of ATP-sensitive potassium channels, thereby depolarizing 

the cell membrane and facilitating calcium influx [7]. Additionally, glimepiride has been shown to 

enhance peripheral insulin sensitivity and reduce hepatic glucose production, contributing to its 

comprehensive antidiabetic effects [8]. 

 

Challenges in Conventional Drug Delivery 

The oral route remains the most preferred and convenient method of drug administration due to its 

non-invasive nature, ease of administration, and high patient acceptance [14]. However, oral 

delivery of glimepiride faces multiple obstacles including acidic degradation in the gastric 

environment, extensive hepatic metabolism, and poor dissolution characteristics [15]. These 

limitations not only reduce therapeutic efficacy but also increase the risk of dose-dependent 

adverse effects such as hypoglycemia, weight gain, and gastrointestinal disturbances [16]. The 

fluctuating plasma drug concentrations associated with conventional immediate-release 

formulations can lead to inadequate glycemic control during trough periods and increased 

hypoglycemic risk during peak concentrations [17]. 

 

Transdermal Drug Delivery: A Paradigm Shift 

Transdermal drug delivery has emerged as an attractive alternative to conventional oral and 

parenteral routes, offering numerous advantages including avoidance of first-pass metabolism, 

sustained drug release, improved patient compliance, and reduced dosing frequency [21]. The skin, 

being the largest organ of the human body with a surface area of approximately 1.5-2.0 square 

meters, provides an accessible and non-invasive route for systemic drug delivery [22]. Transdermal 

systems can maintain relatively constant plasma drug concentrations over extended periods, 

minimizing peak-trough fluctuations and reducing the incidence of adverse effects [23]. 

 

Vesicular Systems for Enhanced Transdermal Delivery 

To overcome the barrier properties of the stratum corneum and enable transdermal delivery of a 

broader range of therapeutic agents, various penetration enhancement strategies have been 

developed [27]. Among these approaches, lipid-based vesicular carriers have gained considerable 

attention due to their ability to enhance drug penetration while maintaining skin integrity [28]. 

Conventional liposomes, composed of phospholipid bilayers surrounding an aqueous core, were 

among the first vesicular systems investigated for transdermal applications [29]. However, their 

rigid membrane structure limits deformability and deep skin penetration, with most conventional 

liposomes remaining confined to the upper layers of the stratum corneum [30]. 

 

Advantages of Transferosomal Systems 

Transferosomes offer multiple advantages over conventional drug delivery systems and traditional 

liposomes. Their ultra-deformable nature allows efficient penetration through the stratum corneum 

without causing significant disruption to the skin barrier function. The vesicular structure provides 
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a protective environment for encapsulated drugs, shielding them from enzymatic degradation and 

harsh environmental conditions. Transferosomes can accommodate both hydrophilic and lipophilic 

drugs, with hydrophilic compounds encapsulated in the aqueous core and lipophilic drugs 

incorporated within the lipid bilayer. 

 

Introduction 

Glimepiride is a third-generation sulfonylurea antidiabetic agent used in the management of type 

2 diabetes mellitus. It belongs to the class of oral hypoglycemic agents and works primarily by 

stimulating insulin secretion from pancreatic beta cells. Glimepiride has gained significant 

attention in the pharmaceutical field due to its enhanced potency, longer duration of action, and 

improved safety profile compared to earlier generation sulfonylureas. 

 

Mechanism of Action 

Glimepiride exerts its hypoglycemic effect through multiple mechanisms, though its primary 

action is mediated through pancreatic beta cells. The drug binds to specific sulfonylurea receptors 

(SUR1) on the surface of pancreatic beta cells, which are components of ATP-sensitive potassium 

channels. This binding leads to closure of these potassium channels, resulting in depolarization of 

the cell membrane. 

 

The membrane depolarization triggers the opening of voltage-gated calcium channels, allowing 

calcium influx into the beta cells. The increased intracellular calcium concentration stimulates the 

exocytosis of insulin-containing granules, thereby promoting insulin secretion. This insulin release 

occurs in a glucose-dependent manner, which helps reduce the risk of hypoglycemia compared to 

earlier generation sulfonylureas. 

 

REVIEW OF LITERATURE 

INTRODUCTION TO TRANSDERMAL DRUG DELIVERY 

The skin represents the largest organ of the human body and serves as an attractive route for drug 

administration. Transdermal drug delivery systems (TDDS) have gained considerable attention in 

pharmaceutical research due to their ability to provide sustained drug release, avoid first-pass 

metabolism, improve patient compliance, and reduce side effects associated with oral 

administration. The concept of delivering drugs through the skin has evolved significantly over 

the past few decades, transforming from simple topical applications to sophisticated delivery 

systems capable of delivering both hydrophilic and lipophilic drugs systemically. 

Kumar et al. investigated the potential of transdermal drug delivery systems for managing chronic 

diseases and found that these systems offer significant advantages in terms of maintaining steady 

plasma drug concentrations and reducing dosing frequency [31].  

 

VESICULAR DRUG DELIVERY SYSTEMS 

Vesicular drug delivery systems represent a major breakthrough in pharmaceutical technology, 

offering the possibility of delivering drugs to specific sites with improved efficacy and reduced 

toxicity. These systems consist of one or more concentric lipid bilayers surrounding an aqueous 

core, capable of encapsulating both hydrophilic and lipophilic drugs. The development of various 

vesicular systems has opened new avenues for improving drug delivery through different routes 

of administration. 
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The concept of elastic or deformable vesicles was introduced to overcome the penetration 

limitations of rigid vesicular systems [36]. Cevc and Blume pioneered the development of 

transfersomes, which are ultra-deformable lipid vesicles capable of penetrating intact skin when 

applied under non-occlusive conditions. Their groundbreaking research demonstrated that the 

incorporation of edge activators into the lipid bilayer imparts flexibility to the vesicles, allowing 

them to squeeze through intercellular spaces in the stratum corneum that are smaller than the 

vesicle diameter. This unique property enables transfersomes to deliver drugs across the skin 

barrier more efficiently than conventional vesicles. 

 

Methodology  
RATIONALE OF THE STUDY 

Diabetes mellitus has emerged as one of the most prevalent chronic metabolic disorders 

worldwide, affecting millions of people and imposing a significant burden on healthcare systems 

globally. Type 2 diabetes mellitus, which accounts for approximately 90% of all diabetes cases, 

requires long-term pharmacological management to maintain optimal glycemic control and 

prevent serious complications such as cardiovascular disease, nephropathy, neuropathy, and 

retinopathy. Despite the availability of various oral antidiabetic medications, achieving and 

maintaining target blood glucose levels remains a challenge for many patients due to issues related 

to drug bioavailability, patient compliance, and adverse effects. 

 

AIM 

The primary aim of this research work is to formulate, optimize, and evaluate glimepiride-loaded 

transfersomal gel for enhanced transdermal drug delivery as an alternative to conventional oral 

administration, thereby improving therapeutic efficacy, patient compliance, and glycemic control 

in the management of type 2 diabetes mellitus. 

 

OBJECTIVES 

To accomplish the stated aim, the following specific objectives have been established for this 

research work: 

 

1. Formulation Development of Glimepiride-Loaded Transfersomes: To design and develop 

glimepiride-loaded transfersomes using various phospholipids and edge activators in different 

ratios, employing appropriate preparation methods such as thin film hydration technique, and to 

optimize the formulation parameters to achieve vesicles with desired characteristics including 

optimal size, high drug entrapment efficiency, and maximum deformability. 

 

2. Comprehensive Characterization of Transfersomal Formulations: To thoroughly 

characterize the prepared transfersomal formulations by evaluating critical parameters including 

vesicle size and size distribution using dynamic light scattering and microscopic techniques, 

determination of entrapment efficiency through appropriate analytical methods, assessment of 

deformability index to confirm the elastic nature of the vesicles, measurement of zeta potential to 

evaluate surface charge and stability, and morphological examination using transmission electron 

microscopy or scanning electron microscopy. 

 

3. Optimization of Transfersomal Formulations: To optimize the transfersomal formulations 

using statistical experimental design approaches such as factorial design or response surface 
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methodology, identifying the most significant formulation variables affecting vesicle 

characteristics, and determining the optimal composition that yields transfersomes with maximum 

drug entrapment, smallest vesicle size, highest deformability, and best stability profile. 

 

4. Drug-Excipient Compatibility Studies: To conduct comprehensive drug-excipient 

compatibility studies using differential scanning calorimetry (DSC) and Fourier-transform infrared 

spectroscopy (FTIR) to identify any potential interactions between glimepiride and the formulation 

components, ensuring the chemical stability and integrity of the drug within the transfersomal 

system. 

 

5. Development of Transfersomal Gel Formulations: To incorporate the optimized glimepiride-

loaded transfersomes into suitable gel bases using appropriate gelling agents such as carbopol, 

hydroxypropyl methylcellulose, or other biocompatible polymers, and to develop transfersomal 

gel formulations with desirable physicochemical properties for topical application. 

 

RESULTS 

Calibration Curve of Glimepiride 

Preparation of Standard Calibration Curve in Methanol: Stock solution of glimepiride (100 

μg/mL) wa 

s prepared in methanol. From this stock solution, aliquots of 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 

1.8, and 2.0 mL were transferred to 10 mL volumetric flasks and volume was made up with 

methanol to obtain concentrations of 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 μg/mL. The absorbance 

of these solutions was measured at 228 nm using methanol as blank. 

 

 
 

Table 6.1: Calibration Data of Glimepiride in Methanol 

S. No. Concentration 

 (μg/mL) 

Absorbance  

at 228 nm 

1 2 0.089 

2 4 0.178 

3 6 0.267 

4 8 0.356 

5 10 0.445 

6 12 0.534 
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7 14 0.623 

8 16 0.712 

9 18 0.801 

10 20 0.890 

 

Results: The calibration curve showed excellent linearity with regression equation y = 0.0445x + 

0.0001 and correlation coefficient (r²) = 0.9999. 

 

Preparation of Standard Calibration Curve in Phosphate Buffer pH 7.4: Similar procedure 

was followed using phosphate buffer pH 7.4 as solvent. Concentrations ranging from 2-20 μg/mL 

were prepared and absorbance was measured at 228 nm. 

 

 
Table 6.2: Calibration Data of Glimepiride in Phosphate Buffer pH 7.4 

 

S. No. Concentration  

(μg/mL) 

Absorbance at  

228 nm 

1 2 0.085 

2 4 0.171 

3 6 0.256 

4 8 0.342 

5 10 0.428 

6 12 0.513 

7 14 0.599 

8 16 0.684 

9 18 0.770 

10 20 0.856 

 

Results: The calibration curve in phosphate buffer pH 7.4 showed linearity with regression 

equation y = 0.0428x + 0.0002 and correlation coefficient (r²) = 0.9998. 

 

 

http://www.neuroquantology.com/


Neuroquantology |Apr 2026 | Volume 24 | Issue 4 | Page 408-416| Doi: 10.48047/nq.2026.24.4.NQ26040 
Myla Lakshmi Sirisha,, Formulation and Evaluation of Glimepiride Transferosomes Gel 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

          414 

 

6.1.2.3 Solubility Studies 

Solubility of glimepiride was determined in various solvents by adding excess amount of drug to 

5 mL of each solvent in screw-capped vials. The vials were kept on a mechanical shaker at 25°C 

for 48 hours. The solutions were then filtered through 0.45 μ membrane filter and analyzed 

spectrophotometrically after appropriate dilution. 

 

 
 

Table 6.3: Solubility of Glimepiride in Various Solvents 

 

S. No. 

Solvent Solubility (mg/mL) 

1 Water 0.0042 ± 0.0003 

2 Phosphate buffer pH 7.4 0.0038 ± 0.0002 

3 Methanol 12.45 ± 0.32 

4 Ethanol 8.76 ± 0.28 

5 Chloroform 15.32 ± 0.45 

6 Dichloromethane 14.67 ± 0.38 

7 Dimethylformamide 18.94 ± 0.52 

8 0.1N HCl 0.0156 ± 0.0012 

 

Results: Glimepiride showed very poor aqueous solubility (0.0042 mg/mL in water), confirming 

its classification as a BCS Class II drug. The drug showed good solubility in organic solvents, 

particularly dimethylformamide, chloroform, and methanol. 

 

Differential Scanning Calorimetry (DSC): DSC thermograms of pure glimepiride and its 

physical mixtures with excipients were recorded. Samples (2-5 mg) were sealed in aluminum pans 

and heated from 30°C to 300°C at a rate of 10°C/min under nitrogen atmosphere. 
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Table 6.5: DSC Data of Glimepiride and Drug-Excipient Mixtures 

 

Sample 

Melting Point (°C) Enthalpy 

(J/g) 

Inference 

Pure Glimepiride 208.4 98.45 Sharp 

endothermic peak 

Glimepiride + Phosphatidylcholine 207.8 95.32 Compatible 

Glimepiride + Sodium deoxycholate 208.1 96.78 Compatible 

Glimepiride + Span 80 207.6 94.21 Compatible 

Glimepiride + Carbopol 934 208.3 97.15 Compatible 

 

CONCLUSION 

The present research work successfully achieved its objective of developing and evaluating 

glimepiride-loaded transfersomal gel as an advanced transdermal drug delivery system for the 

management of type 2 diabetes mellitus. The comprehensive investigation encompassed 

preformulation studies, formulation development, optimization, characterization, and performance 

evaluation through both in vitro and ex vivo methods. 

 

Preformulation studies confirmed the identity, purity, and compatibility of glimepiride with 

selected excipients. The extremely poor aqueous solubility of glimepiride (0.0042 mg/mL) 

validated the need for advanced delivery systems to overcome bioavailability challenges. Drug-

excipient compatibility studies using FTIR and DSC demonstrated the absence of significant 

interactions between glimepiride and formulation components, ensuring chemical stability. 
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