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ABSTRACT 
 

Verapamil hydrochloride is a calcium ion influx inhibitor, which is used widely in the treatment of angina 

pectoris, hypertension and supraventricular tachyarrhythmias and used as conventional and sustained release 

dosage form. Present study is aimed at proper designing of the formulation parameters in terms of the 

excipient incorporation. Excipients include broadly hydrophilic and hydrophobic polymers, plasticizers and 

penetration enhancer. Polymers includes ethyl cellulose, hydroxyl propyl methyl cellulose K4M and polyvinyl 

pyrrolidone.Polyvinyl alcohol was used as to prepare backing membrane, Dibutyl phthalate was used as 

plasticizer and DMSO was used as transdermal penetration enhancer. After preparation of the transdermal 

patches, they were examined in respect to several physicochemical properties thickness, percent moisture 

content, percent moisture absorption, percent flatness, tensile strength, weight variation to satisfy the suitable 

physicochemical criteria for transdermal patch. For all the formulations, invitro release and skin permeation of 

the drug with and without incorporation of penetration enhancer (DMSO) through abdominal skin of albino rat 

were studied using Keshary-Chien diffusion cell. Formulation containing increased proportion of hydroxy 

propyl methyl cellulose K4M and polyvinyl pyrrolidone showed faster release of drug over a period of 24 hours 

where as increased proportion of ethyl cellulose produce a prolonged release of drug through transdermal 

route for a period of more than 24 hours. DMSO significantly increased the permeation of drug through 

abdominal skin of albino rat. 
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INTRODUCTION: 

Modern transdermal drug delivery systems are 

products of basic pharmaceutical research that took 

place during the last third of the 20th century. The 

first drug delivered through the skin was dimethyl 

sulfoxide in 1900 and nitroglycerine ointment was 

introduced for the management of angina in 1954.[1] 

However, these attempts lacked the proper scientific 

foundation and were short-lived. The evolution of 

transdermal drug delivery systems that had a 

meaningful impact on the practice of medicine is 

intimately linked to the name of Dr. Alejandro 

Zaffaroni, a US scientist who, in the late 1960s, 

founded the Alza Corporation.[2] Transdermal drug 

delivery system are designed for controlled drug 

delivery through skin surface into blood circulation 

maintaining consistent efficacy and reducing dose of 

the drug and its related side effects.[3] The US Food 

and Drug Administration (FDA) approved the first 

transdermal products in 1981. Transdermal delivery 

provides increase in the therapeutic value of many 

drugs by avoiding specific problems associated with 

the drug e.g., gastro-intestinal irritation, low 

absorption, decomposition due to hepatic � first 

pass� effect, formation of metabolite that causes 
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side effects, short half life necessitating frequent 

dosing etc.[4,5] Verapamil hydrochloride was the first 

amongst the calcium-channel blockers (CCBs). It 

has been used since 1962 in Europe, then in Japan 

for its antiarrhythmic and coronary vasodilator 

effects. [6,7] Verapamil hydrochloride is the drug of 

choice for controlled delivery as the drug is reported 

to have a terminal plasma half life of 2 to 8 hours 

following single oral dose or intravenous 

administration but is subject to very considerable 

first-pass metabolism in the liver and the bio-

availability is only about 20%.[8,9,10] Verapamil 

hydrochloride transdermal patches were prepared 

using different polymer combinations namely ethyl 

cellulose with polyvinyl pyrrolidone K30 and with 

hydroxy propyl methyl cellulose K4M using solvent 

evaporation technique. Polyvinyl alcohol (4% w/v) 

was used to prepare the backing membrane and 

Dibutyl phthalate (30% w/w) was used as 

plasticizer. The prepared patches were examined in 

respect to several physicochemical properties 

thickness, percent moisture content, percent 

moisture absorption, percent flatness, tensile 

strength, weight variation to satisfy the suitable 

physicochemical criteria for transdermal patch. For 

all the formulations, invitro release and skin 

permeation of the drug with and without 

incorporation of DMSO (15% w/w) as  penetration 

enhancer, through abdominal skin of albino rat were 

studied using Keshary-Chien diffusion cell.[11,12]   

 

MATERIAL AND METHODS: 

Ethyl cellulose, Dimethyl sulphoxide, Polyvinyl 

alcohol were procured from S.D. Fine Chemicals 

Ltd. Mumbai. Polyvinyl pyrrolidone K30 was 

procured from Thomas Baker, Mumbai. Hydroxy 

propyl methyl cellulose K4M was procured from 

Loba Chemicals; Mumbai. Verapamil hydrochloride 

was obtained as gift sample from Torrent 

Pharmaceuticals Ltd; Ahmedabad. Aluminium foil 

used were purchased from S.R. Industries; New 

Delhi. All other materials used in the study were of 

analytical grade. 

 

PREPARATION OF THE PATCHES 

Transdermal patches of verapamil hydrochloride 

were prepared using different combinations of EC 

with PVP K30 and EC with HPMC K4M by solvent 

evaporation technique[13] in cylindrical both side 

opened glass molds. The bottom of the mold was 

wrapped with aluminium foil on which the backing 

membrane was cast by pouring 4% (w/v) PVA 

solution followed by drying at 60 C for 6 hours. 

The polymers were weighed in requisite ratio 

(Table-1) and they were then dissolved in respective 

solvents. Dibutyl phthalate 30% (w/w) of total 

polymer composition was used as a plasticizer. The 

drug was added 20% (w/w) of the total weight of 

polymer, in the homogeneous dispersion, by slow 

stirring with a magnetic stirrer. The uniform 

dispersion (2 ml each) was casted on the PVA 

backing membrane casted earlier and dried at 40 C 

for 6 hours. After drying patches were removed 

from the mold, wrapped with aluminium foil and 

kept in desiccators until they were used for further 

study. 

 

EVALUATION OF POLYMERIC 

TRANSDERMAL PATCHES 

Uniformity of thickness:  

 The thickness of the patch at five different points 

was measured with micrometer (Mitutoyo) and the 

average of five readings with the standard deviation 

was calculated[14]. The procedure was followed for 

all the formulation batches. 

Percent moisture content (% MC):  

The patches were weighed individually and kept in a 

desiccator containing 10 gm of calcium chloride as 

desiccant at 37°C for 24 hour. The patches were 

weighed again and again individually until it 
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showed a constant weight. The final weight was 

noted when there was no further change in the 

weight of individual patch. The percentage of 

moisture content was calculated[15] as a difference 

between initial and final weight with respect to final 

weight. 

% Moisture content = [(x-y)/y] * 100, Where, x =   

initial weight, y = finial weight 

The result of moisture content studies for different 

formulations are shown in Fig 1. Each result is mean 

of three replicates. 

Fig 1: Moisture content profile of the prepared 
Verapamil hydrochloride transdermal patches 
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Percentage moisture uptake (% MU): 

The patches were weighed accurately and placed in 

a desiccator where a humidity condition of 75 % RH 

was maintained by using saturated solution of 

sodium chloride. The patches were taken out 

periodically and weighed for a period of 72hours. 

The percentage of moisture uptake was calculated[15] 

as difference between final and initial weight of the 

patch with respect to initial weight. 

% Moisture uptake = [(y-x)/x] * 100, Where, x =   

initial weight, y = finial weight. 

The result of moisture content studies for different 

formulations are shown in Fig 2. Each result is mean 

of three replicates. 

Fig 2: Moisture uptake profile of the prepared 
Verapamil hydrochloride transdermal patches 

0

1

2

3

4

5

6

EH1 EH2 EH3 EH4 EP1 EP2 EP3 EP4

FORMULATION CODE

P
E

R
C

E
N

T
A

G
E

 M
O

IS
T

U
R

E
 

U
P

T
A

K
E

 

Percent flatness study:  

Longitudinal strips were cut out from each 

transdermal patch, one from the centre and two from 

the either side. The length of each strip was 

measured and the variation in the length because of 

non-uniform in flatness was measured by 

determining % constriction, considering 0 % 

constriction is equivalent to 100 % flatness.[15] % 

constriction = [(l1 � l2)/l2] *100, Where, l1 = initial 

length of each strip,l2 = final length of each strip.                                         

Tensile strength: 

 The tensile strength measurement was 

made using an instrument assembled in the 

laboratory and following the method used by 

Sadhna et al.[16] The films were fixed individually to 

the assembly, the required weights to break the 

films were noted.  

Weight variation study:  

This test provides a means for measuring uniformity 

in terms of the weight within a batch as well as 

batch to batch. The weight of each patch was taken 

using single pan balance with sensitivity of 0.001 

mg. [17,18] 

Invitro permeation studies using dialysis 

membrane: [19] 

 Invitro permeation studies were carried out 

using modified Keshary � Chien diffusion cell. The 

dialysis sac was previously soaked for 24 hours in 

distilled water. The patches were adhered to the 

barrier membrane (dialysis membrane) and the sac 

is tied firmly to the donor compartment of the 

Keshary � Chien diffusion cell, the receptor 

compartment of which is filled with 100 ml distilled 

water. The donor compartment is lowered to the 

receptor compartment in such a way that the dialysis 

sac just touches the media of the receptor 

compartment. The total setup was placed on a 

thermostatically controlled magnetic stirrer set at 37 

± 2°C. The content of the diffusion cell was stirred 

using a teflon coated bead at a constant speed (100 
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rpm). Samples were withdrawn (1 ml) at 

predetermined time intervals and replaced with 

same amount of distilled water to maintain the sink 

condition. After suitable dilution, the samples were 

analyzed for drug content using UV 

spectrophotometer at ë max 229.5 nm. The 

permeation study was carried out for 24 hours. 

 Invitro skin permeation study using albino rat 

skin:   [19, 20] 

 Invitro skin permeation study was 

performed taking albino rat skin. Young albino rat 

weighed between (200 gm- 250 gm) were taken and 

sacrificed by excess chloroform inhalation. The 

abdominal hairs were removed with marketed hair 

removers. The abdominal skin was carefully 

separated from the body, with the dermis part 

remaining intact. Subcutaneous tissues were 

surgically removed. The inner part of the skin was 

washed with distilled water thoroughly to separate 

the adhering fat. The skin, so obtained, was 

examined microscopically for the presence of any 

possible damage. The full thickness skin thus 

obtained was kept in normal saline solution and 

stored at 4 ± 1°C until used for the experiment. 

 The drug permeation from the transdermal 

patches through the skin was determined using 

modified Keshary � Chien diffusion cell.   The 

contents of the donor and receptor compartments 

were separated by placing the excised skin in 

between two compartments. The skin was mounted 

in such a way that the stratum corneum side of the 

skin continuously remained in an intimate contact 

with the transdermal patch in the donor 

compartment. The receptor compartment contained 

100ml distilled water at 37 ± 2°C. The content of 

the diffusion cell was stirred using a teflon coated 

bead at a constant speed (100 rpm). Samples were 

withdrawn (1 ml) at predetermined time intervals 

and replaced with same amount of distilled water to 

maintain the sink condition. After suitable dilution 

the samples were analyzed for drug content using 

UV spectrophotometer at ë max 229.5 nm. The 

permeation study was carried out for 24 hours. 

 

RESULTS: 

In the present study transdermal patches of 

Verapamil hydrochloride were prepared as 

monolithic matrices by solvent casting technique 

employing glass moulds of known diameter. 

Transdermal patches were prepared using various 

polymers like ethyl cellulose with HPMC K4M in 

different combinations and ethyl cellulose with PVP 

K30 in different combinations (Table 1). 

The different physicochemical characteristics of 

different patches along with there release 

characteristics were studied. The thickness of the 

patches prepared with ethyl cellulose and HPMC 

K4M were found in between 0.00168 cm to 0.00206 

cm and thickness of the patches prepared with ethyl 

cellulose and PVP K30 were found between 

0.00174cm to 0.00200 cm (Table2). 

The percent moisture content(Fig 1) and 

the percent moisture uptake (Fig 2) of the patches  

showed that the moisture content and moisture 

uptake increases gradually with the increase of 

hydrophilic polymer concentration for different 

formulations containing HPMC K4M and PVP K30 

with ethyl cellulose. Formulation EH1 and EP1 

were found to be the best amongst all the 

formulations prepared of ethyl cellulose with 

combination of HPMC K4M and PVP K30 in this 

respect. The patches were found flat and weight 

variation among each of the formulation were found 

within acceptable range. 

The invitro permeation of drug from the prepared 

patches were carried out in modified Keshary-Chein 

diffusion cell through dialysis membrane using 100 

ml distilled water as diffusion media for a period of  

24 hours. The graphical representation of 

Cumulative % drug release as a function of time is 
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shown in  (Fig 3 and Fig 4). Formulation like EH3, 

EH4, EP3 and EP4 were chosen for further invitro 

skin permeation study with and without DMSO, 

through albino rat skin as they showed a greater 

release of drug compared to formulation EH1,EH2, 

EP1 and EP2. Comparative graphs were plotted 

after skin permeation study of EH3, EH4, EP3 and 

EP4. (Fig 5). An enhancement in drug permeation 

was observed with the incorporation of DMSO (Fig 

6). The data from invitro skin permeation study of 

different formulation were fitted to various kinetic 

models like Zero order kinetic model and Higuchi 

kinetic model and the coefficient of regression were 

computed (Table 3 and table 4). 
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Fig 3: Invitro permeation profile of transdermal patches composed of EC and HPMC K4Mthrough dialysis 

membrane 
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Fig 4: Invitro permeation profile of transdermal patches composed of EC and PVP K30 K4Mthrough dialysis 
membrane 
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Fig 5: Invitro skin permeation profile of transdermal patches through albino rat skin 
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Fig 6: Invitro skin permeation profile of transdermal patches containing penetration enhancer DMSO 

(15% w/w) through albino rat skin 
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Fig 7:  Scanning electron Microphotographs of TDDS of Verapamil hydrochloride 
 

 
 

[A and B microphotograph shows the uniformity in drug distribution throughout the patches prepared (EP4 and 
EH4 respectively) before permeation study. C and D microphotograph reflects the texture of the exhausted 

patches after the skin permeation study (EP4 and EH4 respectively]. 
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Table-1: Formulation chart of Verapamil hydrochloride transdermal patch 

 Solvent 
Sl . 
No. 

Formulation 
code 

Ratio 
of 

EC: 
HPMC 

Ratio 
of 

EC: 
PVP 

Total 
weight of 
Polymer     Ethanol     Chloroform 

Plasticizer 
 (% w/w) of 

total 
polymer 

Drug 
(% w/w) of 

total 
polymer 

1. EH1 8:1 ------- 500 mg 10 ml ------- 30 20 

2. EH2 6:1 ------- 500 mg 10 ml ------- 30 20 

3. EH3 4:1 ------- 500 mg 10 ml ------- 30 20 

4. EH4 2:1 ------- 500 mg 10 ml ------- 30 20 

5. EP1 ------- 8:1 500 mg ------- 10 ml 30 20 

6. EP2 ------- 6:1 500 mg ------- 10 ml 30 20 

7. EP3 ------- 4:1 500 mg ------- 10 ml 30 20 

8. EP4 ------- 2:1 500 mg ------- 10 ml 30 20 

 

Table 2: Thickness, percent flatness, tensile strength weight variation profile of the prepared Verapamil 
hydrochloride transdermal patches 

 

Formulation 
Code 

Mean thickness  
± S.D.** 

(cm) 
n=5 

Percent 
flatness 

n=3 

Tensile 
strength(gm/cm2) 

Weight 
variation(gm) 

± S.D. 
          n=3 

EH1 0.00198 ± 0.00083666 100 321 0.140 ± 0.0030 

EH2 0.00206 ± 0.00017310 100 318 0.141± 0 .0010 

EH3 0.00168 ± 0.00010954 100 309 0.122 ± 0.0010 

EH4 0.00174 ± 0.00089442 100 299 0.125 ± 0.0030 

EP1 0.00200 ± 0.00070710 100 267 0.143 ±0.0035 

EP2 0.00198 ± 0.00083666 100 259 0.134 ± 0.0032 

EP3 0.00176 ± 0.00054772 100 242 0.131 ± 0.0058 

EP4 0.00174 ± 0.00054772 100 239 0.134 ± 0.0025 

** ± S.D. is the standard deviation, n= no. of repeated experiment 
 

Table 3: Incorporated invitro skin permeation results of transdermal patch formulations composed of EC and 
HPMC K4M with and without penetration enhancer (15%DMSO) into two kinetic models 

Sl 
no 

Formulation 
code 

Ratio of  
EC:HPMC 

K4M 

%Cumulative permeated Vs 
Time 

(Zero order model) 
Correlation coefficient (r2) 

%Cumulative permeated Vs 
√T  

(Higuchi model) 
Correlation coefficient (r2) 

1 EH3 4:1 0.9886 0.9880 

2 
EH3 with 
DMSO 

4:1 0.9932 0.9601 

3 EH4 2:1 0.9973 0.9534 

4 
EH4 with 
DMSO 

2:1 0.9959 0.9823 
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Table 4: Incorporated invitro skin permeation results of transdermal patch formulations composed of EC and 
PVP K30 with and without penetration enhancer (15%DMSO) into two kinetic models  

 

Sl 
no 

Formulation 
code 

Ratio of 
EC:PVP 

K30 

%Cumulative permeated Vs 
Time 

(Zero order model) 
Correlation coefficient (r2) 

%Cumulative permeated Vs 
√T 

(Higuchi model) 
Correlation coefficient (r2) 

1 EP3 4:1 0.9963 
0.9544 

 
2 EP3 with DMSO 4:1 0.9934 0.9851 

3 EP4 2:1 0.9963 
0.9544 

 
4 EP4 with DMSO 2:1 0.9944 0.9842 

 
DISCUSSION: 

Transdermal patches were prepared by solvent 

casting technique. The patches were clear, 

transparent and flexible which shows reliability of 

the process development of films.   The different 

physicochemical characteristics of different patches 

along with there release characteristics were studied. 

Low standard deviation values in the patch 

thickness measurement ensures uniformity of the 

patches prepared by solvent casting technique.the 

percent moisture content and percent moisture 

uptake study reveals the pattern of the patches in 

moisture content and moisture uptake phenomena. 

A little moisture content of the formulations help 

them not to become completely dried and brittle. 

Again low moisture uptake value protects microbial 

contamination of the formulations. The uniformity 

in flatness of the prepared patches indicates that the 

formulation by solvent evaporation technique is 

reproducible and the formulations can maintain 

satisfactory surface smoothness. It was observed 

from the tensile strength measurement study that 

with the increase of HPMC K4M and PVP K30 

concentration, the tensile strength of the patches 

gradually decreased.  All the patches prepared 

showed uniformity in weight. The graphical 

representation of Cumulative % drug release as a 

function of time showed that the patches releases 

drug over an extended period of 24 hrs.  

Comparative plots of drug release reveals that the 

drug permeation is lesser through the skin compared 

to permeation through dialysis membrane. DMSO 

significantly increased the drug permeation through 

transdermal patches. Plots of % Cumulative drug 

permeated/cm2 as a function of time was found to be 

linear for all the formulations showing straightness 

of the plot between % Cumulative drugs permeated 

versus time. The drug release from the transdermal 

patch formulations may obey zero order release 

kinetics. 

CONCLUSION:  

From the above study it can be concluded that a 

suitable blend of polymers can optimized the drug 

release from transdermal patches for an extended 

period of time to improve patient compliance. 
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