
IAJPS 2015, 2 (12), 1609-1622                                   Pankaj et al                                    ISSN 2349-7750 

 

 
w w w . i a j p s . c o m  
 

Page 1609 

                                                                  

CODEN (USA): IAJPBB                                 ISSN: 2349-7750 

IINNDDOO  AAMMEERRIICCAANN  JJOOUURRNNAALL  OOFF                          

PPHHAARRMMAACCEEUUTTIICCAALL  SSCCIIEENNCCEESS 

 

Available online at: http://www.iajps.com                                        Research Article 

FORMULATION AND EVALUATION OF TRANSDERMAL 

PATCH OF ATENOLOL 
Pankaj Singh Negi*, G. Gananarajan, Ashutosh Badola, Preeti Kothiyal 

Department of Pharmaceutics, Shri Guru Ram Rai Institute of Technology & Sciences, 

Dehradun, (248001) Uttrakhand, India 

Abstract: 

Transdermal drug delivery systems are becoming more popular in the field of modern pharmaceutics because it has 

many advantages over traditional drug delivery system and mostly used to overcome the problems associated with 

conventional delivery system of drugs. it is self-contained, non-invasive, painless, user- friendly and discrete dosage 

form. The main objective of transdermal drug delivery system is to deliver drugs into targeted organ or parts 

through skin at predetermined rate with minimal inter and intra patient variation. The present study was carried out 

to develop transdermal patches of atenolol with different ratio of HPMC (hydroxyl propyl methyl cellulose), EC 

(ethyl cellulose) and PVP (polyvinyl pyrrolidine) by solvent casting method. Propylene glycol 3% is used as a 

plasticizer and Span 80 as permeation enhancer. The identification of drug and the possible drug polymer 

interactions were studied by FTIR spectroscopy. Formulated transdermal patches were evaluated with regard to 

physicochemical characteristics (thickness, folding endurance etc.) and In-vitro permeation studies were performed 

using Franz diffusion cell. The data obtained from in- vitro permeation studies was treated by various conventional 

mathematical models (zero order, first order, Higuchi and Korsmeyer- peppa’s) to determine the release mechanism 

from the transdermal patches formulations. Selection of a suitable release model was based on the values of R2 

(correlation coefficient), k (release constant) obtained from the curve fitting of release data. It was found that all the 

formulations follow the first order kinetics. The regression coefficients (R2) for the all formulations F1 to F6 of 

Higuchi plot was found to be almost linear. 
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INTRODUCTION: 

Transdermal drug delivery generally refers to topical 

application of drug to intact skin either for localized 

treatment of tissues underlying the skin or for 

systemic therapy. For transdermal products the goal 

of dosage design is to maximize the flux through the 

skin into the systemic circulation and simultaneously 

minimize the retention and metabolism of the drug in 

the skin. A transdermal drug delivery device, which 

can be of an active or a passive design, provides an 

alternative route for administering medicament and 

allow pharmaceutical to be delivered across the skin 

barrier [1]. A drug is applied in a relatively high 

dosage to the inside of a patch, which is worm on the 

skin for an extended period of time. By a diffusion 

process, the drug is entered in the blood stream 

directly through the skin [2]. There is a high 

concentration on the patch and low concentration in 

the blood for a long period of time, by maintaining 

the constant concentration of drug in the blood flow. 

The best mixture is approx. 50% of the drug being 

each hydrophilic and lipophilic. This is because 

“lipid–soluble substances readily pass through the 

intercellular lipid bi-layer of the cell membranes 

whereas water-soluble drugs are able to pass limiting 

steps in transdermal drug delivery system. The only 

path of entry by Sweat ducts and hair follicles, but 

they are considered rather insignificants [3, 4]. 

Limitation of Transdermal Drug Delivery System 

[5] 

 TDDS cannot deliver ionic drug. 

 TDDS cannot achieve high drug levels in 

blood/plasma. 

 It cannot develop for drugs having large 

molecular size. 

 It cannot deliver drug in a pulsatile fashion. 

 TDDS cannot develop if drug or formulation 

causes irritation to skin. 

 Limitation of TDDS can be overcome to some 

extent by novel approaches such as iontophoresis, 

electrophoresis, and ultrasound.  

Advantages of TDDS [6,7] 
 In case of toxicity there is easy elimination of 

drug delivery. 

 First pass metabolism of drug is avoided. 

 Plasma concentration levels of drugs are 

reducing with decrease side effects. 

 Fluctuation of plasma levels of drugs is reduced, 

utilization of drug candidates with short half-life and 

low therapeutic index. 

 Delivery of a study infusion of a drug by 

transdermal medication over an extended period of 

time  

 Enhancement of patient compliance and 

reduction of dosing frequency. 

 There is an increased in the therapeutic value of 

many drugs via avoiding specific problems 

associated with the drugs like GI. Irritation, lower 

absorption, decomposition due to ‘hepatic first pass’ 

effect. 

 The simplified medication regimen results to 

improved patient compliance and reduction in inter 

and intra patient variability. 

MATERIALS AND METHODS: 

Atenolol was obtained as a gift sample from redburg 

Pvt. Ltd., Dehradun, India. HPMC, EC, PVP K30, 

Span 80, Propylene glycol, Chloroform, Methanol 

was purchased from Central drug house Pvt. Ltd. 

Delhi (IND). 

Identification of Drug through Fourier Transform 

Infrared (FTIR) 

Sample drug is identified by FTIR. FTIR spectra of 

sample drug are compared with the FTIR spectra of 

standard drug. FTIR of standard Atenolol is shown in 

figure 3 and FTIR spectrum of sample Atenolol is 

shown in figure 4 

Compatibility Study of Drug with Polymers 
Fourier transform infrared (Perkin Elmer, India) 

spectroscopy is used to study the compatibility 

between Atenolol and polymers used in preparation 

of transdermal patch. The IR spectrum was recorded 

using an FTIR by KBr pellet method and Nuzol 

method. The spectra were recorded in the wavelength 

region between 4000 and 400 cm-1. 

Preparation of Calibration Curve of Atenolol 

From the stock solution, were prepared  by dissolving 

50mg of each standard drug samples in 50ml 

volumetric flask separately and the volume was made 

up with phosphate buffer 7.4 to get a concentration of 

1mg/ml. From this, suitable dilutions were made in 

phosphate buffer 7.4 to get the working standard 

solution of 2-12µg/ml for atenolol spectra were 

measured at 275nm atenolol. The absorbances of the 

3 replicate analyses were carried out. Absorbance Vs 

Concentration were plotted to obtain the calibration 

graph..  

Preparation of Transdermal Patch: 

Transdermal patch of atenolol was prepared by 

solvent evaporation technique in a petridish. Six 

types of polymer patches were prepared. First three 

formulations were prepared by using HPMC, EC and 

PVP  alone having drug and polymer ratio 1:2, 1:3, 

1:4 using distilled water as a solvent and one more 

formulation is formulated using HPMC with 

permeation enhancer Span 80 (1%) having drug 

polymer ratio 1:4. Next formulations were prepared 

by using HPMC and EC in combination having drug 

and polymer by using permeation enhancer Span 80 

(1%) in ratio of 1:(2:8) and using methanol and 

chloroform as solvent (1:1) ratio and the remaining 

formulation is formulated with HPMC, EC and PVP 

by using ratio of 1:(2:4:8). Propylene glycol (3%) 

used as a plasticizer. 
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Table 1: Composition of Transdermal Patch 

S.No Ingredient Formulation Code 

F1 F2 F3 F4 F5 F6 

1 Drug(mg) 10 10 10 10 10 10 

2 HPMC 20 - - 40 20 20 

3 EC - 30 - - 80 40 

4 PVP - - 40 - - 80 

5 Span 80% - - - 1% 1% - 

6 Propylene Glycol 3% 3% 3% 3% 3% 3% 

 

Evaluation of TDDS [8-12] 

Thickness of the Patch:-  

The thickness of patches was measured by using a 

micrometer and mean value in mm is used to measure 

the thickness of the patch. 

Folding Endurance:-  

Folding endurance measured manually for the 

prepared film. A strip of a film cut evenly and at the 

same place is folded till it breaks. Film could be 

folded at the number of time at the same place 

without breaking gives folding endurance are exact 

value. 

Percentage (%) of Moisture Absorbed:- 

Checking the physical stability of the film in high 

humidity conditions, film that are accurately 

weighted were placed in a desiccators containing 

saturated aluminium chloride solution 79.5%RH for 3 

days. The films were re-weighed and the percentage 

moisture absorption was calculated using the 

formula. 

Percentage (%) Moisture Absorbed =     

   Final weight – Initial weight× 100 

 Initial weight  

Percentage(%) of Moisture Lost:- 

In order to check the extent of moisture lose from 

freshly prepared film, the accurately weighed film are 

placed in a desiccators containing fused anhydrous 

calcium chloride for 72hrs, After 72hrs films were re-

weighed percentage moisture is calculated using by 

the following formula 

Percentage (%) Moisture Lost =             

Initial weight – Final weight × 100 

 Initial weight 

Drug Content Uniformity:- 

By cutting a patch into pieces and put in dissolution 

of 100 ml or diffusion medium is used respectively 

and stirred continuously using a mechanical stirrer 

and after the ends of 3hrs the sample is withdrawn 

the drug content to be determined 

spectrophotometrically at 275 nm. 

In-vitro Diffusion Study:- 

The study of in-vitro diffusion is carried out by using 

Franz Diffusion Cell. Egg membrane is used the 

purpose of semi-permeable membrane for diffusion. 

Franz diffusion cell has a receptor compartment with 

an effective volume approximately 60 ml and 

effective surface area of permeation 3.14cm2.  

Using Franz diffusion cell In-vitro release studies 

were carried out results were shown in table 7. 

Drug Release Kinetic Study 

The mechanism of drug release from the transdermal 

patchs is analyzed by fitting the release data to 

following equations 

Zero – Order Equation: 

                          Q = k0t 

Where, Q is the amount of drug released at time t 

k0 is the zero – order release rate. 

First – Order Equation: 

                        In (100 – Q) = In 100 – k1t 

Where, Q is the percent of drug release at time t 

k1 is the first – order release rate constant. 

Higuchi’s Equation: 

                                   Q = k2√t 

Where, Q is the percent of drug release at time t 

k2 is the diffusion rate constant. 

Mathematical Model for TDDS:- 
The drug release mechanism and kinetics are two 

important characters of delivery system for the drug 

dissolution profile. Some kinetics models are given in 

Table 14. 
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Table 2: Mathematical Model for TDDS 

Kinetic model Mathematical relation System that follows the model 

First order In Qt = in Q0+k(release proportional 

to amount of drug remaining) 

Water soluble drug in porous matrix 

Zero order Ft = k0t(release independent of drug 

concentration) 

Transdermal system 

Higuchi’s square root of time 

euuation 

Ft = kh
1/2 Diffusion matrix formulation 

Korsmeyer-peppas power law 

equation 

Mt/M∞ = ktn Swellable polymeric device 

 

RESULTS AND DISCUSSION: 

Calibration Curve of Atenolol: 

 

Fig 1: UV Spectrum of Atenolol 

Table 3: Data for Calibration Curve of Atenolol: 

S. No. Concentration (µg/ml) Absorbance 

1 0 0 

2 2 0.151 

3 4 0.293 

4 6 0.425 

5 8 0.573 

6 10 0.642 

7 12 0.788 
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Fig 2: Calibration Curve of Atenololλmax: 275 nm 

Identification of Drug: 

Identification of Sample Atenolol through FTIR 

pankaj

Name

Sample 010 By Administrator Date Thursday, May 14 2015

Description

4000 4003500 3000 2500 2000 1500 1000 500

34

11

12

14

16

18

20

22

24

26

28

30

32

cm-1

%
T

1634.61cm-13355.04cm-1

1651.67cm-13175.26cm-1

1515.89cm-1

1242.93cm-12963.57cm-1

1416.98cm-11614.16cm-1

2921.81cm-1

2867.23cm-1 1179.79cm-1

1300.79cm-1

814.94cm-1

796.01cm-1

1381.43cm-1

1583.37cm-1 1036.25cm-1

1367.09cm-1

1092.00cm-1

1338.21cm-1

1111.70cm-1

673.17cm-1

6 4 5 . 5 1 c m - 1

708.79cm-1

1072.37cm-1

1136.26cm-1

885.65cm-1

918.03cm-1

5 2 6 . 0 0 c m - 1

540.05cm-1

584.43cm-1

941.70cm-1

859.21cm-1

1897.18cm-1

426.82cm-1

449.55cm-1

 

Fig 3: Identification of Sample Atenolol through FTIR 
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Fig 4: FTIR of Standard Spectra Atenolol (with references of BP-2009) 

 

Table 4: Characteristics peaks of Atenolol 

S.No. Reference peaks 

(cm-1) 

Obtained peaks 

(cm-1) 

Functional 

Group 

Stretching/Bending 

1 1670-1630 1651.67 C=O Stretching 

2 1675-1600 1614.16 C=C(Alkenes) Stretching 

3 1550-1510 1515.89 N-H Deformation 

4 1450-1400 1416.98 C=C Stretching 

5 1480-1340 1367.09 C-H Deformation 

6 1150-1070 1072.37 C-O Stretching 

7 1300-800 814.94 C-C Stretching 

8 710-690 708.79 C-H Deformation 

 

Spectral Studies: 

Compatibility Study of Drug with Polymers:  

pankaj hpmc

Name

Sample 012 By Administrator Date Thursday, May 14 2015

Description

4000 4003500 3000 2500 2000 1500 1000 500

19

3

4

6

8

10

12

14

16

18

cm-1

%
T

3459.04cm-1 1063.53cm-1

3573.11cm-1

3592.29cm-1 2931.98cm-1

2837.97cm-1

945.28cm-1

1376.93cm-1

1455.31cm-1

1316.27cm-1

1414.67cm-1 572.38cm-11644.57cm-1

476.85cm-1

3789.79cm-1

3846.64cm-1

2125.12cm-1

 

 

Fig 5:  FTIR of HPMC 
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drug+hpmc_003

Name

Sample 008 By Administrator Date Thursday, May 14 2015

Description

4000 4003500 3000 2500 2000 1500 1000 500

30

6

8

10

12

14

16

18

20

22

24

26

28

cm-1

%
T

3357.11cm-1

1634.93cm-1

3183.00cm-1

1651.08cm-12922.29cm-1

2962.32cm-1

1658.60cm-1

1242.59cm-1

1416.69cm-1 1037.17cm-1

1515.90cm-1

1179.58cm-1

1091.64cm-1

1111.96cm-1

1072.16cm-1

1614.21cm-1

1380.42cm-1

1301.31cm-1

1455.92cm-1

1338.22cm-1

944.35cm-11583.59cm-1

919.01cm-1 633.76cm-1

671.52cm-1

8 1 5 . 0 7 c m - 1

795.99cm-1

526.10cm-1

540.65cm-1

584.26cm-1887.63cm-1

829.02cm-1

707.37cm-1

427.98cm-1

859.24cm-1

 

Fig 6: FTIR of Atenolol + HPMC 

E.C.

Name

Sample 009 By Administrator Date Thursday, May 14 2015

Description

4000 4003500 3000 2500 2000 1500 1000 500

36

7
8

10

12

14

16

18

20

22

24

26

28

30

32

34

cm-1

%
T

3478.73cm-1 2975.41cm-1

2929.84cm-1

1636.39cm-1

1618.17cm-1

1110.42cm-1

1377.92cm-1

1445.12cm-1

1485.49cm-1

1311.55cm-1

1246.72cm-11747.72cm-1

1510.61cm-1

918.72cm-1

882.64cm-1

606.13cm-1

817.51cm-1

 

Fig 7: FTIR of Ethyl Cellulose 

DRUG+E C..

Name

Sample 010 By Administrator Date Thursday, May 14 2015

Description

4000 4003500 3000 2500 2000 1500 1000 500

30

6

8

10

12

14

16

18

20

22

24

26

28

cm-1

%
T

3356.68cm-1

1634.93cm-1

3176.27cm-1 1651.55cm-1

2966.04cm-1

2922.37cm-1 1242.76cm-11515.90cm-1

2868.57cm-1

1416.96cm-11614.68cm-1
1179.65cm-1

1301.01cm-1

1380.81cm-1

1036.29cm-1

1091.73cm-1

1111.60cm-1

1072.39cm-11583.38cm-1

1135.84cm-1

1338.39cm-1

8 1 5 . 0 1 c m - 1

796.15cm-1

671.35cm-1

645.22cm-1918.08cm-1

884.95cm-1

707.93cm-1

5 2 5 . 9 2 c m - 1

584.32cm-1

540.22cm-1

948.98cm-1

860.18cm-1

427.20cm-1

449.37cm-1

 

Fig 8: FTIR of Atenolol + Ethyl Cellulose 
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Fig 9: FTIR of PVP K30 

 

 

 

Fig 10: FTIR of Atenolol + PVP K30 

 

 

PVP K N30+ATENOLOL 
Name 

Sample 009 By Administrator Date Monday, July 13 2015 
Description 

4000 400 3500 3000 2500 2000 1500 1000 500 

54 

-1 
0 
5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

cm-1 

%T 

2904.50cm-1 1460.00cm-1 
1376.85cm-1 721.93cm-1 

1301.21cm-1 
1244.10cm-1 

2725.34cm-1 
1635.49cm-1 1178.98cm-1 

3169.28cm-1 1515.98cm-1 
3350.40cm-1 

1035.67cm-1 
1090.94cm-1 

1072.44cm-1 

1113.00cm-1 

918.14cm-1 

814.77cm-1 
795.50cm-1 

888.84cm-1 
1583.22cm-1 

672.71cm-1 
526.39cm-1 584.33cm-1 

PVPK-30 
Name 

Sample 005 By Administrator Date Monday, July 13 2015 
Description 

4000 400 3500 3000 2500 2000 1500 1000 500 

45 

4 
5 

10 

15 

20 

25 

30 

35 

40 

cm-1 

%T 

1663.37cm-1 
1289.51cm-1 3441.14cm-1 

1423.34cm-1 1462.75cm-1 
2953.82cm-1 

574.79cm-1 
649.53cm-1 1494.04cm-1 

1373.58cm-1 

735.37cm-1 

845.26cm-1 
1073.20cm-1 

1017.89cm-1 

933.45cm-1 
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Table 5: Evaluation parameters of transdermal patches of atenolol 

S.No Formulation 

Code 

Thickness(mm) Folding 

Endurance 

% Moisture 

Absorbed 

% Moisture 

Lost 

1 F1 0.25±0.002 62 2.96±0.012 1.26±0.01 

2 F2 0.26±0.004 69 2.48±0.034 1.23±0.04 

3 F3 0.24±0.006 74 3.68±0.086 1.95±0.43 

4 F4 0.29±0.004 88 2.74±0.054 1.35±0.02 

5 F5 0.32±0.005 92 2.15±0.015 1.27±0.06 

6 F6 0.34±0.002 85 5.08±0.12 3.23±0.09 

Mean ± SD (n=3) 

Table 6: Drug Content Uniformity 

Formulation % of Drug in 3.14 sq.cm 

1st 2nd 3rd Mean 

F1 93.30 93.76 93.54 93.53 

F2 91.23 91.30 91.29 91.94 

F3 90.21 90.38 90.38 90.66 

F4 95.16 95.08 95.24 95.49 

F5 96.48 96.25 96.12 96.28 

F6 94.28 94.36 94.58 94.74 

In-vitro release study: 

Table 7: In-Vitro Permeation Profile of Atenolol Formulation 

 

S.No Time(hrs) % Cumulative drug release 

F1 F2 F3 F4 F5 F6 

1. 0 0 0 0 0 0 0 

2. 1 8.31 8.08 7.56 12.02 14.34 10.37 

3. 2 17.45 14.23 13.78 21.32 22.45 19.13 

4. 4 25.04 19.54 17.32 27.65 30.45 27.74 

5. 6 28.19 22.38 20.18 32.61 34.87 32.83 

6. 8 31.26 25.58 23.67 36.98 39.51 36.33 

7. 10 36.64 28.35 27.57 43.63 46.45 40.63 

8. 12 43.38 32.95 31.35 47.13 51.75 45.79 

 

Table 8: In- Vitro Permeation Profile of Atenolol from Formulation F1 

S.No T √T logT %Cumulative 

Drug Release 

%Cumulative 

Drug Remain 

log 

%Cumulative 

Drug Release 

log 

%Cumulative 

Drug Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 8.31 91.69 0.92 1.96 

3 2 1.414 0.3 17.45 82.55 1.24 1.92 

4 4 2 0.6 25.04 74.96 1.40 1.88 

5 6 2.449 0.77 28.19 71.81 1.45 1.86 

6 8 2.828 0.9 31.26 68.74 1.50 1.84 

7 10 3.16 1 36.64 63.36 1.56 1.80 

8 12 3.46 1.08 43.38 56.62 1.64 1.75 
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Table 9: In- Vitro Permeation Profile of Atenolol from Formulation F2 

S.No T √T logT Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remain 

Log 

Cumulative 

% Drug 

Release 

Log 

Cumulative 

% Drug 

Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 8.08 91.92 0.91 1.96 

3 2 1.414 0.3 14.23 85.77 1.15 1.93 

4 4 2 0.47 19.54 80.46 1.29 1.91 

5 6 2.449 0.6 22.38 77.62 1.35 1.89 

6 8 2.828 0.69 25.58 74.42 1.41 1.87 

7 10 3.16 0.77 28.35 71.65 1.45 1.86 

8 12 3.46 0.84 32.95 67.05 1.52 1.83 

 

Table 10: In- Vitro Permeation Profile of Atenolol from Formulation F3 

S.No T √T logT Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remain 

Log 

Cumulative 

% Drug 

Release 

Log 

Cumulative 

% Drug 

Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 7.56 92.44 0.88 1.97 

3 2 1.414 0.3 13.78 86.22 1.14 1.94 

4 4 2 0.47 17.32 82.68 1.24 1.92 

5 6 2.449 0.6 20.18 79.82 1.31 1.90 

6 8 2.828 0.69 23.67 76.33 1.37 1.88 

7 10 3.16 0.77 27.57 72.43 1.44 1.86 

8 12 3.46 0.84 31.35 68.65 1.50 1.84 

 

Table 11: In- Vitro Permeation Profile of Atenolol from Formulation F4 

S.No T √T logT Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remain 

log 

Cumulative 

% Drug 

Release 

log 

Cumulative 

% Drug 

Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 12.02 87.98 1.08 1.94 

3 2 1.414 0.3 21.32 78.68 1.33 1.90 

4 4 2 0.6 27.65 72.35 1.44 1.86 

5 6 2.449 0.77 32.61 67.39 1.51 1.83 

6 8 2.828 0.9 36.98 63.02 1.57 1.80 

7 10 3.16 1 43.63 56.37 1.64 1.75 

8 12 3.46 1.08 47.13 52.87 1.67 1.72 
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Table 12: In- Vitro Permeation Profile of Atenolol from Formulation F5 

S.No T √T logT Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remain 

log 

Cumulative 

% Drug 

Release 

log 

Cumulative 

% Drug 

Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 14.34 85.66 1.16 1.93 

3 2 1.414 0.3 22.45 77.55 1.35 1.89 

4 4 2 0.6 30.45 69.55 1.48 1.84 

5 6 2.449 0.77 34.87 65.13 1.54 1.81 

6 8 2.828 0.9 39.51 60.49 1.60 1.78 

7 10 3.16 1 46.45 53.55 1.67 1.73 

8 12 3.46 1.08 51.75 48.25 1.71 1.68 

 

Table 13: In- Vitro Permeation Profile of Atenolol from Formulation F6 

S.No T √T logT Cumulative 

% Drug 

Release 

Cumulative 

% Drug 

Remain 

log 

Cumulative 

% Drug 

Release 

log 

Cumulative 

% Drug 

Remain 

1 0 0 - 0 100 0 2 

2 1 1 0 10.37 89.63 1.02 1.95 

3 2 1.414 0.3 19.13 80.87 1.28 1.91 

4 4 2 0.6 27.74 72.26 1.44 1.86 

5 6 2.449 0.77 32.83 67.17 1.52 1.83 

6 8 2.828 0.9 36.33 63.67 1.56 1.80 

7 10 3.16 1 40.63 59.37 1.61 1.77 

8 12 3.46 1.08 45.79 54.21 1.66 1.73 

 

 

Fig 11: Zero Order Release Plot of Atenolol Transdermal Patches 
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Fig 12: First Order Release Plot of Atenolol Transdermal Patches 

 

Fig 13: Higuchi Plot of Atenolol Transdermal Patches 

 

  Fig 14: Korsmeyer Peppa’s Plot of Atenolol Transdermal Patches 
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Mathematical Modeling: 

Table 14: Model Fitting Release Profile of Formulation F1 to F6 

Formulation 

code 

Regression coefficient (R2) Korsmeyer-Peppas 

Zero order First order Higuchi model R2 n 

F1 0.924 0.964 0.983 0.959 0.601 

F2 0.912 0.932 0.993 0.981 0.523 

F3 0.927 0.958 0.990 0.975 0.525 

F4 0.914 0.963 0.966 0.979 0.515 

F5 0.916 0.961 0.995 0.992 0.487 

F6 0.911 0.961 0.993 0.978 0.561 

The calibration curve of pure Atenolol was plotted 

phosphate buffer 7.4 to get a concentration of 

1mg/ml. From this, suitable dilutions were made in 

phosphate buffer 7.4 to get the working standard 

solution of 2-12µg/ml for atenolol spectra were 

measured at 275nm atenolol. The absorbances of the 

3 replicate analyses were carried out. Absorbance Vs 

Concentration were plotted to obtain the calibration 

graph, calibration graph shown in figure 2 and table 

1.  The compatibility between Drug and polymer was 

studied by using FTIR absorption spectra showing in 

figures 3-10. The preliminary study conducted on 

compatibility between Atenolol with HPMC EC and 

PVPK 30 revealed that there is no interaction 

between the drug and polymer as from FTIR spectra. 

The polymers are the backbone for Transdermal 

delivery. Span 80 (1%) having drug polymer ratio 

1:4. Next formulations were prepared by using 

HPMC and EC in combination having drug and 

polymer by using permeation enhancer Span 80 (1%) 

in ratio of 1:(2:8) and using methanol and chloroform 

as solvent (1:1) ratio and the remaining formulation 

is formulated with HPMC, EC and PVP by using 

ratio of 1:(2:4:8). Propylene glycol (3%) used as a 

plasticizer. 

Hence, it is commonly employed in formulation of 

patch. The physico-chemical characteristics such as 

thickness of the patch, folding endurance, percentage 

of moisture absorbed, percentage of moisture lost, 

and drug content analysis were found to be within the 

acceptable limits. The patches were found to be 

stable to withstand the stress. In vitro Diffusion 

studies of Transdermal patches: The study of in-vitro 

diffusion is carried out by using Franz Diffusion Cell. 

Egg membrane is used the purpose of semi-

permeable membrane for diffusion. Franz diffusion 

cell has a receptor compartment with an effective 

volume approximately 60 ml and effective surface 

area of permeation 3.14cm2. Using Franz diffusion 

cell In-vitro release studies were carried out. F1, F2, 

F3, F4, F5 and F6 was 43.38%, 32.95%, 31.35%, 

47.13%, 51.75%, 45.79%,  respectively in 12 hrs. 

 

CONCLUSION: 

Atenolol is a multiple-action cardiovascular drug that 

is used for the treatment of hypertension now 

approved in many countries. Administration of 

atenolol by oral route caused various disadvantages 

and has some limitations, so the transdermal drug 

delivery approach is used to deliver these agents, 

which maintain relatively consistent plasma level for 

long term therapy and overcome various 

disadvantages associated with oral administration. 

TDDS have great potential being able to use for both 

hydrophobic and hydrophilic active substances.  

Transdermal patch of atenolol contain HPMC, EC 

and PVP as polymers, PG as plasticizer and Span 80 

as permeation enhancer for control release of the 

drug over an extended period of 12 hrs. Greater 

understanding of the different polymers and different 

mechanism of biological interactions are required to 

optimize this drug delivery system.  
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