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Abstract: Transdermal patches have been one of the effective tools in the delivery of active pharmaceutical 

ingredients parenterally with greater patient compliance and ease of use with minimum side effects. In the present 

research matrix type transdermal patches containing Glibenclamide were prepared using different ratios of 

hydrophilic polymer HPMC and hydrophobic polymer ethyl celluloseby solvent evaporation technique for its 

sustained release effect and increased bioavailability as compared to oral dosage form. The mixture of methanol and 

chloroform was used as a solvent and 30%w/w polyethylene glycol 400 (PEG 400) was used as a plasticizer with 

Dimethyl sulfoxide (DMSO) as a permeation and solubility enhancer. The possible drug and polymer interaction 

was studied by FTIR spectroscopy. All the prepared patches were subjected to physicochemical studies (Folding 

Endurance, Thickness, Weight variation, Drug content, Moisture content and Moisture uptake), in vitro permeation 

studies were done through a cellulose membrane having 45µ pore size.Short term stability studies were carried out 

to check the shelf life of formulation. The results suggested that there was no interaction between the drug and 

polymers. Variations in permeation profiles among the Batches were observed. Based on physicochemical and in 

vitro permeation studies, the formulated Batch 4 with 94.46% drug diffusion met most of the required ideal 

specifications and was considered an optimized batch. the formulated patches were good in physical strength as well 

as stable and effective with uniform drug content.Transdermal patches of Glibenclamide are likely to enhance the 

patient compliance as it would eliminate the need of repeated dosing, enhance the bioavailability and sustain the 

action of the drug. 
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INTRODUCTION 

Diabetes is one of the largest global health emergencies of this century, ranking among the 10 leading 

causes of mortality together with cardiovascular disease (CVD), respiratory disease, and cancer[1]. Once 

known as ‘Honey urine’, diabetes was first discovered in 1500 BCE and has been recognized as a 

calamitous and lethal disease for about 2000 years [2-4]. Despite of availability of various formulations 

for the treatment of diabetes like Insulin, Tablets, Ayurvedic Syrups, etc. the management of diabetes has 

been a challenging task. Various approaches for the development of Novel Drug Delivery System have 

been made and development of such NDDS has been a necessity for the better, easy treatment for the 

treatment of Diabetes. 
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Transdermal drug delivery mechanism is most promising one. It has been demonstrated that medicines 

administered by this method has improved bioavailability with less side effects. It ensures controlled 

release of drug and deliver it directly to blood circulation. At the same time, the side effects are 

considerably reduced. As drug does not come in contact with stomach surface, there is no gastrointestinal 

irritation and side effects thus increasing drug compliance. The process is painless, drug does not go 

through usual metabolism in liver thus no adverse effects on liver. Most important impact is long 

availability of required serum levels which may result in decrease frequency of medicine. As a result of 

all above, TDD is becoming famous method of drug administration for increasing number of medicines 

[5,6]. 

A transdermal patch is used to deliver a specific dose of medication through the skin and into 

bloodstream. Transdermal patches products were first approved in 1981 by FDA. Transdermal delivery 

systems are currently available containing scopolamine (hyoscine) for motion sickness, clonidine and 

nitroglycerin for cardiovascular disease, fentanyl for chronic pain, nicotine to aid smoking cessation. 

Transdermal delivery provides controlled, constant administration of the drug, and allows continuous 

input of drugs with short biological half-lives and eliminates pulsed entry into systemic circulation. 

TDDS offers many advantages over conventional injection and oral methods. It reduces the load that the 

oral route commonly places on the digestive tract and liver. It enhances patient compliance and minimizes 

harmful side effects of a drug caused from temporary overdose. It is convenient, especially notable in 

patches which require only once weekly application. Such a simple dosing regimen aids in patient 

adherence to drug therapy [7,8]. 

Glibenclamide is a secondgeneration sulphonyl urea oral hypoglycaemic agent, chemically it is 5-chloro-

N-[2-[4-(cyclohexylcarbamoylsulfamoyl)phenyl]ethyl]-2methoxybenzamide. It is more potent than first 

generation sulphonylurea. Glibenclamide is also called as glyburide and its formula is C23H28CIN3O5S[9]. 

Plasma ½ life of Glibenclamideis about 3-5 h. Which enhance therapeutic effectiveness and keep steady 

plasma level. Transdermal application of Glibenclamidecan avoid the hypoglycaemic episode which are 

concomitant by oral Glibenclamide administration[10]. Glibenclamide has shown several adverse and 

potential side effect related to hypoglycemia with inaccurate dosing. It is demonstrated that 

Glibenclamide can cause gastrointestinal side effects including nausea, vomiting, anorexia, and heart burn 

and increase appetite. It can cause severe hypoglycemia through direct effect on the pancreatic cells of 

islets to inhibit production of glucagon and increased release of somatostatin[11,12]. The administration 

of Glibenclamide through Transdermal patch can avoid the above mentioned side effects and can also 

lead to increased Bioavailability and sustained release effect with better patients compliance.  

In the present study and attempt to formulate matrix type transdermal patch was made for Glibenclamide 

drug by using hydrophilic polymer HPMC and hydrophobic polymer ethyl cellulose with help of 

plasticizer and permeation enhancer and using a combination of methanol and chloroform as volatile 

solvents. The possible drug and excipients interaction were checked by FTIR and formulated transdermal 

patches were thoroughly evaluated on physical and chemical parameters such as appearance,folding 

endurance,thickness,weight variation,percentage moisture content,percent moisture uptake and in-vitro 

diffusion studies. Short term stability studies were carried out to check the shelf life of formulation. The 

purpose of this study was to provide the delivery of drug across the skin into the systemic circulation in 

controlled rate to obtain sustained release effect with reduced side effects and reduced frequency of 

dosing with enhanced bioavailability as compared to oral dosage form with greater patient compliance. 

MATERIALS AND METHODS 

Materials 

Glibenclamide was procured from Yarrow Chem Pvt. Ltd, Mumbai, India.Hydrophilic polymer HPMC 

was obtained as gift sample from Ashland, Netherlands. Co. Hydrophobic polymer Ethyl cellulose, 

Chloroform was used as solvent, Polyethylene Glycol 400 was used as plasticizer was obtained from 

Research-Lab Fine Chem Industries, Mumbai.  Other chemicals such as Dimethyl sulfoxide(DMSO) 
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which was used as permeation enhancer and solubility enhancer, methanol was used as solvent were 

procured from COSCO CHEM, Pune. 

 

Drug and excipients compatibility study 

The possible Drug and Excipients interaction was checked by FTIR (Shimadzu 8400s)Spectrophotometer. 

The drug was placed in the sample holder using IR grade potassium bromide as a blank and scanned 

between the ranges 400–4000 cm−1 to determine the characteristic peaks of the drug[13]. 

The drug and all the Excipients were mixed in 1:1 ratio uniformly and kept for 1 month at room 

temperature. This mixture of drug and excipients was analysed on FTIR (Shimadzu 8400s) 

Spectrophotometer.The mixture was placed in the sample holder using IR grade potassium bromide as a 

blank and scanned between the ranges 400–4000 cm−1 to determine the characteristic peaks of the 

mixture. The obtained spectra of Drug and Mixture was compared for their characteristics peak and 

checked if any shift in characteristic peak can be seen[14].  

 

Method of Preparation of Transdermal Patch of Glibenclamide 

The Matrix type Transdermal Patch containing Glibenclamide was prepared by Solvent evaporation 

technique. Different concentration of HPMC and Ethyl cellulose were taken keeping total polymer weight 

900mg and dissolved in mixture of Methanol and Chloroform (3:2) ratio respectively keeping total 

volume 30ml. In the above polymeric solution drug was added in small parts for uniform dispersion of 

drug and subsequent dissolution in polymeric solution. DMSO was added in dropwise manner as 

solubility enhancer as well as permeation enhancer. It was followed by addition of PEG 400 as plasticizer. 

The stirring was continued for 1 hour and the polymeric solution containing drug and excipient was 

poured into petri plate avoiding formation of bubbles and kept for drying for 24hrs. After 24 hours, the 

petri dish was kept in hot air oven at 50-600C for half hour to remove excess solvents. Further patch was 

removed from petri plate and cut into desired size and shape and further evaluated for various 

physicochemical parameters[15-19]. 

 

Table 1: Formulation Table of Transdermal Patch of Glibenclamide 

Ingredients F1 F2 F3 F4 

Glibenclamide (mg) 125 125 125 125 

HPMC K35M (mg) 150 225 300 375 

Ethyl Cellulose (mg) 750 675 600 525 

PEG 400 (% W/W) 30 30 30 30 

Methanol:Chloroform (3:2) (ml) 30 30 30 30 

Dimethyl Sulfoxide (DMSO) 

(ml) 

0.6 0.6 0.6 0.6 

{*Note: - 1. The total polymer weight was kept 900mg, 2. The total solvent volume was kept 30ml, 3. By 

above formulation table Patch of 44.15625cm2area was obtained from which circular patches of 

1.76625cm2 area were cut with each patch containing 5 mg drug} 

 

Evaluation of prepared transdermal patch of Glibenclamide 

The formulated Transdermal Patch was evaluated on the basis of various physicochemical parameters 

such as physical appearance, folding endurance, thickness, weight variation, percentage moisture content, 

percentage moisture uptake, in-vitro drug diffusion study. Short term stability studies were carried out to 

check the stability of formulated transdermal patch over time and to check shelf life of the formulation. 

 

Physical Appearance 

The prepared transdermal patch was inspected visually for its colour, shape,flexibility, smoothness any 

possibility of crystal formation of drug[20]. 
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Folding endurance 

The transdermal patches were evaluated for mechanical strength by determining the folding endurance. 

Transdermal patch of 2x2cm size was cut and repeatedly folded at same point until it breaks and the folds 

were measured. The number of times the patches had to be folded until it breaks was observed is 

considered as folding endurance[21,22]. 

 

Thickness 

The thickness of patches was measured by using digital calliper.The mean values and standard deviation 

were calculated for individual batches[23]. 

 

Weight variation 

Prepared circular patches of 1.76625cm2 areawascut and weight of each patch was determined by using 

digital balance. The average weight of each patch and standard deviation was calculated for individual 

batches[24]. 

 

Percentage moisture content 

The prepared films were weighed individually and kept in a desiccator containing fused calcium chloride 

at room temperature for 24 hrs. After 24 hrs the films were reweighed and the percentage moisture 

content was determined by using the given formula [25,26]. 

Percentage moisture content = (Initial weight- Final weight/Final weight) x 100  

 

Percentage moisture uptake 

The weighed films were kept in a desiccator at room temperature for 24 hrs containing saturated solution 

of potassium chloride in order to maintain 84% RH. After 24 hrs the films were reweighed and the 

percentage moisture uptake was determined by using the given formula[27,28]. 

Percentage moisture uptake = (Final weight- Initial weight/ Initial weight) x 100  

 

Drug Content 

5 Patches were selected randomly and was completely dissolved in methanol. The solution was filtered 

through filter paper and amount of drug present in the filtrate was determined by using UV 

spectrophotometer at 228nm. absorbance was taken on UV Spectrophotometer and the drug content was 

estimated from the standard graph [29,30]. 

 

in-vitro drug diffusion 

The in vitro Diffusion Study was performed using Franz Diffusion having receptor compartment quantity 

of 50ml using cellulose membrane of 45µ pore size. The patch of predefined size was selected randomly 

and placed on membrane facing donor compartment and the receptor compartment was filled using 

phosphate buffer solution (pH 7.4). And the whole assembly was maintained at 37 ± 2 0C. For diffusion 

studies cellulose membrane was soaked in the same buffer solution for 12 hrs. before mounting on 

diffusion cell. The samples were withdrawn after predefined time interval and sink condition was 

maintained by replacing same amount of phosphate buffer (pH 7.4). Glibenclamide concentration was 

assayed using UV spectrophotometer for noting absorbance at the lambda max that is 228nm[27-34]. 

 

Short term stability studies 

To assess the stability the randomly selected patches were kept at room temperature over a period of 45 

days. Patches were evaluated at 15th, 30th, 45th day for their physicochemical properties and Drug 

content[16]. 

RESULTS AND DISCUSSION 

Drug and excipients compatibility study 
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Drug and excipient interactions play a vital role with respect to release of drug from the formulation 

amongst others. FTIR techniques have been used here to study the physical and chemical interaction 

between drug and excipients used.The IR spectral analysis of Glibenclamide (Figure 1) alone showed that 

the principal peaks were observed at wave numbers of 3357.84cm−1(N-H Stretching), 2931.60cm−1 (C-H 

Stretching), 744.47cm−1 (C-Cl stretching), 1712.67cm−1 (C=O stretching), 1606.59cm−1(C=O stretching), 

1230.50cm−1(C-O-C stretching), 1334.65 cm−1(O=S=O stretching) confirming the purity of the drug as 

per established standards. In the IR spectra of the physical mixture of Glibenclamide, HPMC and Ethyl 

cellulose(Figure 2) the major peaks of Glibenclamide were 3357.84cm−1 (N-H Stretching), 

2935.46cm−1(C-H Stretching), 742.54cm−1(C-Cl stretching), 1701.10cm−1 (C=O 

stretching),1606.59cm−1(C=O stretching), 1228.57cm−1(C-O-C stretching), 1325.01cm−1 (O=S=O 

stretching). However, some additional peaks were observed with physical mixtures, which could be due to 

the presence of polymers.there were no remarkable changes in these main peaks in IR spectra of mixture 

of drug and polymers, which show there were no physical interactions because of some bond formation 

between drug and polymers. 

 

 
Figure 1: FTIR spectra of pure drug Glibenclamide 

 

 
Figure 2: FTIR spectra of Drug and Excipients 
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Evaluation of prepared transdermal patch of Glibenclamide: - 

Physical Appearance 

The prepared transdermal patch was inspected visually for its colour, shape,flexibility, smoothness any 

possibility of crystal formation of drug. All the prepared patches were Uniformly circular, White in 

colour, Flexible, Translucent and there was no formation of any drug crystals was observed. 

 

Folding endurance 

The folding endurance indicated the mechanical strength of transdermal patches. The folding endurance 

was found to be in the range of 180,193,204,218 folds from batch 1 to 4 Respectively as shown in (Table 

2) suggesting that the films produced were found to possess enough mechanical strength.The increased 

concentration of hydrophilic polymer in the formulation greatly affected the folding endurance as it 

provided better elasticity.The high value of folding endurance implies that the patch fabricated would 

maintain its integrity without appearance of any cracks on application of the surface of the skin. 

 

Table 2: Folding Endurance of Formulated Transdermal Patches 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Folding 

Endurance 

(Folds) 

180 193 204 218 

 

Thickness 

The thickness of patches was measured by using digital calliper.The thickness ranged between 38 ±2 μm, 

36 ±2 μm, 37±2 μm and36±2 μm, from batch 1 to 4 respectively as shown in (Table 3). which indicate 

that the prepared patches were uniform in thickness. 

 

Table 3:  Thickness of formulated patches and standard deviation 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Thicknessμm 38 ±2  36 ±2  37±2  36±2  

 

Weight variation 

The average weight of patches was found to be in the range of 73 ±5mg, 74 ±5mg, 75 ±5mg, 75 ±5mg for 

the batches 1 to 4 respectively as shown in (Table 4)which shows the uniformity of weight throughout the 

formulated transdermal patches.The uniformity of weight indicates that the polymer solution of the drug 

is well dispersed on a flat surface. However, a little variation in average weight among the 

formulatedbatch 1 to batch 4 was observed in the range of 73–75 mg which may attribute to the variation 

in polymeric content. The increase in concentration of Hydrophilic polymer HPMC results into holding of 

more amount of moisture hence slight increase in weight can be observed. 

 

Table 4: Average weight of Formulated transdermal patches with standard deviation 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Average Weight 

(mg) 

73 ±5 74 ±5 75 ±5 75 ±5 

 

Percentage moisture content 

Moisture content can influence the mechanical strength and drug release behavior of the transdermal 

therapeutic systems. Small moisture content in formulation helps them to remain stable and prevent from 

being completely dry and brittle. The percentage moisture content was found to be 8.96%, 9.26%, 8.34%, 

7.28% from batches 1 to 4 respectively as shown in (Table 5). It shows that the concentration of 

hydrophilic polymer influences the moisture content in the patches. The more concentration of 
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hydrophilic polymer HPMC in batch 4 holds more amount of moisture and shows less loss in moisture as 

compared to other batches. 

 

Table 5: Percentage moisture content of formulated transdermal patches 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Moisture 

content % 

8.96 9.26 8.34 7.28 

 

Percentage moisture uptake 

The absorption of moisture is an imperative aspect which influences the drug diffusion as it extends into 

the water uptake of the patch from the body tissues as well as from the environment during the application 

period. It is a vital parameter which helps to maintain the mechanical integrity. The percentage moisture 

uptake from formulated transdermal patches was reported to be 3.07%, 3.40%, 3.49%, 3.81% from 

batches 1 to 4 respectively as shown in (Table 6). The formulations with high concentration of 

hydrophobic polymer Ethyl cellulose displayed the lowest moisture absorption attributes as a result of the 

decrease in water permeability of the polymer ethyl cellulose. Low moisture uptake prevent formulation 

from microbial contamination and prevents the bulkiness of the patch. 

 

Table 6: Percentage moisture uptake of formulated transdermal patches 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Moisture uptake 

% 

3.07 3.40 3.49 3.81 

 

 
Figure 3: % Moisture Content and % Moisture Uptake 

 

Drug Content 

The formulated Transdermal patches were analysed for their drug content and the average drug content 

from 5 patches of each batch was noted. patches shown drug content from 99.03%, 100.08%, 98.8%, 

101.2% from Batch 1 to 4 respectively as shown in (Table 7). The results complies with IP standards 

which are from 95% to 105%.By this study we conclude that uniform distribution of drug occurred in 

Formulated Transdermal patches and the expected dose in individual patches that is 5mg was successfully 

achieved. 
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Table 7: Percentage drug content in formulated transdermal patches in-vitro drug diffusion 

Batch No. Batch 1 Batch 2 Batch 3 Batch 4 

Drug Content 

% 

99.03 100.08 98.8 101.2 

 

The percent drug release in all the 4 batches showed significant difference in pattern of diffusion.The 

combination of high concentration of Hydrophilic polymer HPMC and low concentration of hydrophobic 

polymer Ethyl cellulose in Batch 4 gives more Sustained drug release effect as compared to High 

concentration of Hydrophobic Polymer Ethyl Celluloseand low concentration of Hydrophilic polymer 

HPMC in Batch1.In thisexperiment, as the concentration of hydrophilic polymer was increased, the 

amount of drug permeated was increased. This may be a result of the initial rapid dissolution of the 

hydrophilic polymers when the patch is in contact with the hydrated skin, which results in accumulation 

of high amounts of drug on the skin surface and thus leads to the saturation of the skin with drug 

molecules at all times. The rapid dissolution of the aqueous soluble fraction of the film also leads to the 

formation of pores, and hence, higher release rates[36].The in vitro study results showed that with an 

increase in the concentration of polymers especially hydrophilic, the total amount of drug release 

increased with increase in sustained release effect. Thus, formulation F4 was considered the best 

formulation which released 94.46% of total drug in our 24h study.The results obtained are depicted in 

Figure 4. 

 

Figure 4: % Drug release VS Time 

 

Short term stability studies 

In order to assess the stability of optimized formulation of Batch 4 was subjected to short term stability 

studies. There was no remarkable change in its colour, shape,flexibility, smoothness any possibility of 

crystal formation of drug. The patches were analysed for drug content and showed 100.4% average drug 

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

%
 D

R
U

G
 R

E
L

E
A

S
E

TIME IN HRS

% DRUG RELEASE
Batch 1 Batch 2 Batch 3 Batch 4



Formulation, Characterization And Evaluation Of Matrix Type                                                                      A-Research paper 

Transdermal Patch Containing Glibenclamide 

Eur.Chem.Bull.2023,12(Specialissue 8), 6809-6819                                                                                                          6817  
 

content which was significantly similar to previous drug content. The stability studies results signified 

that the formulated patches possess adequate shelf life till 45 days. 

CONCLUSION 

The purpose of the study was to develop,characterize and evaluate the transdermal patch containing 

Glibenclamide for the treatment of diabetes and the objectives were met. Four batches of Transdermal 

patch containing Glibenclamide was prepared and evaluated on various physicochemical parameters. 

Based on the findings of Preformulation studies that is from FTIR studies it was concluded that there is 

no any interaction between drug and excipients. The uniformity of weight, thickness and drug content 

between the patches indicates the suitability of  procedure for development of transdermal patches.The 

high value of folding endurance shows thestrength and flexibility of patch to withstand mechanical 

pressure. The behaviour of patches towards moisture shown that formulated patches were found to 

contain adequate amount of moisture and significant amount of moisture uptake which will potentially 

help them for their effectiveness.By the in vitro diffusion studies the drug release in optimised 

formulation that is batch 4 was more sustained as compared to other formulation with maximum drug 

diffusion of 94.46% across the membrane. The optimised batch also showed satisfactory folding 

endurance, moisture content as well as drug content with good physical strength. The stability studies 

results signified that the formulated patches possess adequate shelf life till 45 days. 

The objective behind the present work of formulation and evaluation of transdermal patch containing 

Glibenclamide for treatment of diabetes was achieved and found that the formulated patches were good in 

physical strength as well as stable and effective.Transdermal patches of Glibenclamide are likely to 

enhance the patient compliance as it would eliminate the need of repeated dosing, enhance the 

bioavailability and sustain the action of the drug. 
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