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              As far as the transdermal drug delivery is concern, various penetration 
enhancers are used for the drug diffusion through skin. In matrix dispersion type 
systems, the drug is dispersed in the solvent along with the polymers and solvent 
allowed to evaporate forming a homogeneous drug-polymer matrix.Matrix type 
systems were developed in the present research. an attempt has been made to develop 
a matrix-type transdermal therapeutic system comprising of Atenolol with different 
concentration of various polymers alone using solvent evaporation technique. The 
physicochemical compatibility of the drug and the polymers was studied by infrared 
spectroscopy. The results obtained showed no physical-chemical incompatibility 
between the drug and the polymers. F1formulation has been selected as the best 
formulation among all the other formulations. The in vitro drug diffusion studies 
from the formulation were found to be sustained release. All the evaluation 
parameters obtained from the best formulation were found to be satisfactory. The data 
obtained from the in vitro release studies were fitted to various kinetic models like 
zero order, first order, Higuchi model and peppas model. From the kinetic data it was 
found that drug release follows peppas modelrelease by diffusion technique from the 
polymer. 
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INTRODUCTION 
 

The idea of delivering drugs through skin is old, as the use is reported back in 16th century B.C. Today 
the transdermal drug delivery is well accepted for delivering drug to systemic circulation.Until recently, the use 
of transdermal patches for pharmaceuticals has been limited because only a few drugs have proven effective 
delivered through the skin typically cardiac drugs such as nitroglycerin and hormones such as 
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estrogen.Transdermal therapeutic systems are defined as self-contained discrete dosage forms which, when 
applied to the intact skin, deliver the drug(s), through the skin, at controlled rate to the systemic circulation. 

The first Transdermal drug delivery (TDD) system, Transderm-Scop developed in 1980, contained the 
drug Scopolamine for treatment of motion sickness. The Transdermal device is a membrane-moderated system(1-

9). The membrane in this system is a microporous polypropylene film. The drug reservoir is a solution of the 
drug in a mixture of mineral oil and polyisobutylene. This study release is maintained over a one-day 
period.Non-medicated patch markets include thermal and cold patches, nutrient patches, skin care patches (a 
category that consists of two major sub-categories therapeutic and cosmetic), aroma patches, and weight loss 
patches, and patches that measure sunlight exposure. 

To achieve and to maintain a plasma drug concentration above the minimum therapeutic drug level, the 
barrier properties of the skin must be overcome before the effective transdermal controlled delivery of drugs can 
be successfully accomplished, the following approaches have been shown to be potentially promising for 
accomplishing the goals of reducing skin barrier properties and enhancing the transdermal permeation of 
drugs(10-16).Generally, methods to enhance transdermal drug permeation can be grouped into two categories: 
Chemical methods and Physical methods. 
 
MATERIALS AND METHODS 
 

The materials used in this current research work are procured from reliable sources of Atenolol, SURA 
LABS, Dilsukhnagar, Ethyl HPMC, Eudragit, PEG-400 are procured from Merck Specialities Pvt Ltd.All other 
reagents and chemicals used in this research work has been purchased from the reliable sources. 
 
Construction of calibration curve 

A 100mg of Atenolol was accurately weighed and was first dissolved in 35ml methanol solution. The 
solution was then diluted using phosphate buffer (pH-7.4) to 100 ml. (stock solution-I).It was further diluted 
with phosphate buffer pH – 7.4 to get solutions in concentration range of 5,10,15,20 and 25 μg /ml(17-24). The 
absorbances of these solutions were determined spectrophotometrically at 270 nm. 
 
Preparation of blank patches 

Polymers of single or in combination were accurately weighed and dissolved in respective solvent and 
then casted in a Petri-dish with mercury as the plain surface(25-32). The films were allowed to dry overnight at 
room temperature. 
 
Formulation of drug incorporated transdermal patches 

The matrix-type transdermal patches containing Atenolol were prepared using different concentrations 
of Ethyl Cellulose,HPMC and Eudragit RSPO polymers. The polymers in different concentrations were 
dissolved in the respective solvents as mentioned in the table 1. Then the drug was added slowly in the 
polymeric solution and stirred on the magnetic stirrer to obtain a uniform solution. Dibutyl phthalate was used 
as plasticizers(33-41). Then the solution was poured on the Petri dish having surface area of 78 cm2 and dried at 
the room temperature. 

 
Table 1: Formulation of Atenolol patches 

 

Ingredients 
Formulation Chart 

F1 F2 F3 F4 F5 F6 F7 F8 F9 
Atenolol 25 25 25 25 25 25 25 25 25 

Ethyl Cellulose 25 50 100 - - - - - - 
HPMC - - - 25 50 100 - - - 

Eudragit RSPO - - - - - - 25 50 100 
PEG-400 (ml) 10 10 10 10 10 10 10 10 10 
Chloroform 15 15 15 15 15 15 15 15 15 

Dimethylsulphoxide (ml) 2 2 2 2 2 2 2 2 2 
Dibutyl phthalate* (ml) 7 7 7 7 7 7 7 7 7 

 
Evaluation parameters of patches 
Thickness  

The thickness of patches was measured by digital Verniers calipers with least count 0.001mm. The 
thickness uniformity was measured at five different sites and average of five readings was taken with standard 
deviation. 
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Folding endurance 
The folding endurance was measured manually for the prepared patches. A strip of patch (4x3 cm) was 

cut evenly and repeatedly folded at the same place till it broke. The number of times the film could be folded at 
the same place without breaking gave the exact value of folding endurance.  
 
Weight variation 

The three disks of 2*1 cm2 was cut and weighed on electronic balance for weight variation test. The 
test was done to check the uniformity of weight and thus check the batch- to- batch variation. 
 
Drug content Determination 

The prepared drug contained patches specified surface area (2 cm2) were cut and dissolved in (5% of 
methanol contained) 100ml of pH 7.4 phosphate buffer, and vigorously shaked for 12hrs, and then sonicated for 
15 minutes, centrifuged at 5000 rpm for 30 min.  
 
Flatness 

A transdermal patch should possess a smooth surface and should not constrict with time. This can be 
demonstrated with flatness study. For flatness determination, one strip is cut from the centre and two from each 
side of patches(42-45).  
 
Invitro drug diffussion study 

The in vitro study of drug permeation through the semi permeable membrane was performed using a 
Franz type glass diffusion cell. The modified cell having higher capacity (25 ml) is used to maintain sink 
condition. This membrane was mounted between the donor and receptor compartment of a diffusion cell46. The 
transdermal patch was placed on the membrane and covered with aluminum foil. The receptor compartment of 
the diffusion cell was filled with isotonic phosphate buffer of pH 7.4. The hydrodynamics in the receptor 
compartment were maintained by stirring with a magnetic bead at constant rpm and the temperature was 
maintained at 37±0.5⁰C. The diffusion was carried out for 12 h and 1 ml sample was withdrawn at an interval of 
1 hour. The receptor phase was replenished with an equal volume of phosphate buffer at each sample 
withdrawal. The samples were analyzed for drug content spectrophotometrically at 270 nm 
 
Drug release kinetics 

Diffusion data of above two methods was fitted in Zero order, first order and Higuchi equations has 
been exploited 
 
Compatibility study 
FTIR  

The infrared spectrum of the pure Atenolol sample was recorded and the spectral analysis was done47. 
The dry sample of drug was directly placed after mixing and triturating with dry potassium bromide. 
 
RESULTS AND DISCUSSION 
 
Calibration curve of Atenolol 

Initially the drug was tested by UV to know their significant absorption maximum which can be used 
for the diffusion study of the drug as denoted in the figure 1.  

 

 
 

Fig 1: Standard calibration curve of Atenolol 
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Evaluation of Patches 

The formulations F1 to F9 were varying in thickness when compared to other formulations which is 
due to the variation in the polymer concentration. Which shows the increase in polymer concentration increases 
the thickness of patch. For all other formulations it was found to be in between 0.041±0.007to 0.051±0.004 
mm.All formulations from F1 to F9 shows weight variation in between 70 ±9.58 to 79 ±6.85 mg.Folding 
endurance from formulations F1 to F9 was found to be in between 81 ± 0.15 to 89 ± 2.15 which can withstand 
the folding of the skin as represented in the figure 2.All formulations showed % drug content from 95.1 ± 2.61 
to 99.74 ± 1.57. 
 
Invitro diffusion study 

All the formulation in vitro diffusion study was carried out by using Franz type diffusion cell under 
specific condition such as temp maintained at 32  0.5 oC. The diffusion was carried out for 12 h and 5 ml 
sample was withdrawn at an interval of 1 hour as shown in the figure 2,3&4.The formulations F4 to F6 were 
prepared by different concentrations of HPMC (25, 50 and 100mg) in 2*2 cm2patch the drug release or drug 
permeation from the patch was dependence on the concentration of polymer in the matrix. The 50mg (F5) 
concentration of polymer was showed maximum drug release 95.64 within 11 hours.The 50mg(F8) 
concentration of polymer was showed maximum drug released at 12 hours 86.78%. Out of all the formulations 
the F1 has shown a good parameter and passes all the test. 
  

 
 

Fig 2: Cumulative % drug permeation of Atenolol patch (F1, F2 and F3) 
 

 
 

Fig 3: Cumulative % drug permeation of Atenolol patch (F4, F5 and F6) 
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Fig 4: Cumulative % drug permeation of Atenolol patch (F7, F8 and F9) 
 

Pharmacokinetic models for Atenolol 
Various models were tested for explaining the kinetics of drug release. To analyze the mechanism of the 

drug release rate kinetics of the dosage form, the obtained data were fitted into zero-order, first order, Higuchi, 
and Korsmeyer-Peppas release model. From the kinetic data it was found that drug release follows peppas model 
release by diffusion technique from the polymer as represented in the figure 5. 
 

 
 

Fig 5: Graph of peppas release kinetics 
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Compatibility studies 
FTIR 

 
 

Fig 6: FTIR Spectrum of pure Atenolol drug 
 

 
Fig 7: FTIR of Optimized formulation 

 
The compatibility studies of the drug with excipients indicate no characteristic visual changes and no additional 
peaks were observed during FT-IR studies as shown in the figure 6 &7. 
 
CONCLUSION 
 

Current research investigation an attempt has been made to design and develop the formulation of 
Atenolol patches using different types of polymers by solvent evaporation technique and mercury substrate 
method. The drug used isthe best studied for therapy in treating high blood pressure.Atenolol was successfully 
formulated as controlled release transdermal patches, which prevents the frequency of administration and gives 
good patient compliance.From the experimental results obtained, F1formulation has been selected as the best 
formulation among all the other formulations. The invitro drug diffusion studies from the formulation were 
found to be sustained release. All the evaluation parameters obtained from the best formulation were found to be 
satisfactory.The data obtained from the invitro release studies were fitted to various kinetic models like zero 
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order, first order, Higuchi model and Pappas model. From the kinetic data it was found that drug release follows 
peppas model release by diffusion technique from the polymer.Based on the observations, it can be concluded 
that the attempt of formulation and evaluation of theAtenolol patches was found to be successful in the release 
of the drug for an extended period of 12hrs. Hence it can be concluded that atenolol transdermal patch can be 
successfully prepared by solvent evaporation method. 
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