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ABSTRACT 
The present study was carried out to formulate and evaluate matrix-type transdermal formulations containing trimetazidine hydrochloride with polymers such 
as carboxymethyl chitosan and hydroxypropylmethylcellulose (HPMC 5cps) by solvent evaporation technique with glycerin, as plasticizer. The prepared 
patches were tested for their physicochemical characteristics such as thickness, weight variation, drug content uniformity, folding endurance and tensile 
strength. The partition coefficient study was performed using n-octanol as the organic phase and phosphate buffer pH 7.4 as an aqueous phase and it was found 
to be 1.01.  In-vitro release studies of trimetazidine hydrochloride-loaded patches in phosphate buffer (pH, 7.4) exhibited drug release in the range of 89.40 to 
92.10 % in 24 hrs. The parameter flux (J) was calculated and it was in the range of 1.325 to 2.898 mg/cm2/hr. Based on optimization studies, patches 
containing carboxymethyl chitosan patches were chosen as optimized formulation. Skin irritation studies were performed on optimized transdermal patch and 
were found to be free of irritation. The patches were subjected to short term stability studies and were found stable. FTIR studies revealed no interactions 
between drug and excipients. Data of in vitro release from optimized patches were fit in to different equations and kinetic models such as zero order, first-
order, Higuchi and Korsmeyer-Peppas models to explain release kinetics. 
KEYWORDS: Trimetazidine hydrochloride; Carboxymethylchitosan; Hydroxypropylmethylcellulose;   In-vitro skin permeation studies; partition coefficient. 
 
INTRODUCTION 
Transdermal drug delivery systems (TDDS) are adhesive 
drug containing devices of defined surface area that delivers 
predetermined amount of drug to the intact skin at a 
preprogrammed rate. The transdermal drug delivery system 
has potential advantages of avoiding hepatic first pass 
metabolism, maintaining constant blood levels for longer 
period of time resulting in a reduction of dosing frequency, 
decreased gastrointestinal irritation that occur due to local 
contact with gastric mucosa and improved patient 
compliance. Transdermal formulation of anti hypertensive 
drug is promising aspect in near future.  
Angina is severe pain, discomfort or pressure due to 
ischemia, an insufficient supply of oxygen-rich blood to the 
heart muscle. It is sometimes also characterized by a feeling 
of choking, suffocation, or crushing heaviness. This condition 
is also called angina pectoris1. 
Trimetazidine (TMZ) is a piperazine derivative, with anti-
ischaemic properties. It is the first in a new class of metabolic 
agents, available for clinical use. In conditions, of hypoxia or 
induced ischaemia, TMZ maintains homeostasis and cellular 
functions by selectively inhibiting 3-ketoacyl-CoA-thiolase. 
Trimetazidine hydrochloride is administered 2–3 times a day 
with a dose ranging from 40 to 60 mg, has a short half-life of 
6 hrs and oral bioavailability of 87%. It has a partition 
coefficient of 1.01 and pKa value 9.14. Chronic use of 
conventional oral controlled release dosage forms of 
trimetazidine is inconvenient and may result in unwanted side 
effects due to high fluctuation of drug concentration in 
blood2, 3.  Hence in the present study an attempt is made to 
formulate transdermal patches of trimetazidine hydrochloride 
using suitable polymer ratio of carboxymethyl chitosan and 
HPMC by solvent casting method.  
MATERIALS AND METHODS 
Trimetazidine hydrochloride was obtained as gift sample 
from East west pharma, Chennai. 
Carboxymethyl chitosan was obtained as gift sample from 
Pelicon biotech and chemicals, Cochin.  HPMC, Ethyl 
cellulose and solvents were obtained from S.D. Fine Chem 

Ltd., Mumbai. Other materials used in the study were of 
analytical grade. 
PREPARATION OF TRANSDERMAL PATCHES 
The transdermal patches of trimetazidine hydrochloride were 
prepared by employing different polymers like 
Carboxymethyl chitosan and hydroxypropylmethylcellulose 
(HPMC 5cps). Ethyl cellulose (EC 20 cps) was used for 
preparing rate limiting membrane by solvent casting method. 
The formulation of patches is shown in Table 1. 
Preparation of Drug Reservoir and Rate Limiting 
Membrane  
The polymeric solution was prepared by dissolving the 
required quantity of polymer in distilled water (3 ml) and 
glycerine (30% w/w of polymer) was added as plasticizer to 
this solution under stirring. The weighed amount of 
trimetazidine hydrochloride was added to the above solution. 
After proper mixing the casting solution was poured in a 
clean glass bangle (an area of 9.61 cm2) which was placed on 
the mercury surface. The patches were dried at room 
temperature for 24 hrs.  The dried   patches thus obtained 
were cut by cork borer into circular discs of definite size of 
20 mm diameter (an area of 1.539 cm2) containing 40 mg of 
drug. 
The rate controlling membrane was prepared by dissolving 
required quantity of ethyl cellulose in chloroform. Dibutyl 
phthalate (30% w/w of polymer) was added as plasticizer. 
The polymeric solution was poured on a clean glass petridish 
and dried at room temperature for 12 hrs. Circular discs of 20 
mm diameter were cut using cork borer. The reservoir 
patches containing the drug were sandwiched in between the 
rate controlling membranes. They were fixed by applying 
chloroform on the edges of the rate controlling membrane. 
EVALUATION OF PATCHES4, 5 

Thickness Uniformity 
The thickness of the formulated patch was measured at 3 
different points using a screw gauge and average thickness of 
three reading was taken.  
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Weight Variation 
For each formulation, three randomly selected patches were 
used. For weight variation test, 3 patches from each batch 
were weighed individually and the average weight along with 
standard deviation was calculated.  
Folding Endurance 
The folding endurance was measured manually for the 
prepared patches.  A  strip  of patch was  cut  and  repeatedly  
folded  at  the same place  till  it broke. The number of  times  
the  patch could  be  folded  at  the  same  place  without  
breaking/cracking gave  the value  of  folding  endurance. 
Drug Content Uniformity of Patches 
The patches (1cm2) were cut and added to a beaker 
containing 100 ml of phosphate buffered saline of pH 7.4. 
The medium was stirred at 100 rpm with magnetic bead. The 
contents were filtered using whatmann filter paper and the 
filtrate was examined for the drug content against the 
reference solution consisting of placebo patches (contains no 
drug) at 270 nm spectrophotometrically. 
Tensile Strength 
Tensile  strength  of  the  patch was determined  with  
Universal  strength  testing  machine (Hounsfield, Slinfold, 
Horsham, U.K.). The sensitivity of the machine was 1 g. It 
consisted of two load cell grips. The lower one was fixed and 
upper one was movable. The  test  patch of  size  (4  ×  1  
cm2)  was  fixed  between these cell grips and force was 
gradually applied till the patch broke. The tensile strength of 
the patch was taken directly from the dial reading in kg. 
Tensile strength is expressed as follows:  
 Tensile load at break  
Tensile strength =         --------------------------------  
 Cross section area  
Partition Coefficient 6, 7 
A drug solution of 4 mg/ml was prepared in n-octanol. 25 ml of 
this solution was taken in a separating funnel and shaken with an 
equal volume of phosphate buffer of pH 7.4 (aqueous phase) for 
10 minutes and allowed to stand for 2 hrs. Then aqueous phase 
and organic phase were collected separately and centrifuged at 
2000 rpm. Both the phases were analyzed for the drug 
concentration using U.V. spectrophotometer. Partition coefficient 
was calculated by taking the ratio of the drug concentration in n-
octanol to drug concentration in aqueous phase. Triplicate 
readings were taken.   
In vitro Release Studies8 
A vertically assembled Franz diffusion cell having 
downstream volume of 75 ml was used.  The cellophane 
membrane was mounted on the diffusion cell and receiver 
compartment was filled with 75 ml phosphate buffer of pH 
7.4 and the temperature was maintained at 370C±0.50C. 5 ml 
of sample was withdrawn every hour and replaced with 5 ml 
fresh buffer to maintain sink condition and their 
concentration was measured in UV -spectrophotometer at 270 
nm.  
Data Analysis9 
The cumulative amount of drug release per unit area versus 
time was plotted. The slope of the linear portion of the plot 
was calculated as the flux (mg/cm2/hr.). For precisely 
analyzing the release properties of trimetazidine 
hydrochloride, the time course of release of drug across a 
cellophane membrane was studied using Franz diffusion cell. 
Pure trimetazidine hydrochloride (without the mediation of 
an organic solvent or drug delivery system) was used in this 
investigation.  
 
 

Skin Irritation Studies 10 
The skin irritation test was performed on twelve healthy 
albino rabbits weighing between 2.0 to 2.5 kg. Six rabbits 
each were used for testing drug reservoir and rate limiting 
patches. The rabbits were shaved on left and right dorsal 
surfaces. Aqueous solution of formalin 0.8% was used as 
standard irritant. Drug reservoir and rate limiting patches of 1 
cm2 were used as test patches. 0.8% of formalin was applied 
on the left dorsal surface of each rabbit, where as the test 
patches were placed on identical site, on the right dorsal 
surface of the rabbit. The patches were removed after a 
period of 24 hrs with the help of alcohol swab. The skin 
response was examined for development of erythema and 
edema for each rabbit at the end of 24 hrs. 
Fourier Transformer Infrared Spectroscopy (FTIR) study 
The compatibility between drug and polymer was detected by 
FTIR spectra obtained on (Bruker, Canada). The pellets were 
prepared on KBr-press (Spectra lab, India). The spectra were 
recorded over the wave number range of 4000 to 500 cm-1. 
Stability Studies11 
The selected transdermal patch were wrapped with aluminum 
foil and stability studies were carried out  at 
250±20C/60%±5%RH, 300±20C/65%±5%RH and 
40±2oC/75±5%RH for three months by storing the samples in 
stability chamber.  
RESULTS AND DISCUSSION 
Calibration curve of trimetazidine hydrochloride in phosphate 
buffer (pH 7.4) solutions were constructed at λmax 270 nm 
with a UV-VIS spectrophotometer (UV-1700, Shimadzu 
Corporation, Tokyo, Japan). Analyses were done in triplicate. 
n-Octanol and in vitro study fluid (phosphate buffer solution, 
pH 7.4) were considered to be the standard system for 
determining the drug partition coefficient between skin and in 
vitro fluid. The logarithmic value of the partition coefficient 
(log P) was found to be 1.01 ± 0.040. The results obtained 
indicated that the drug possessed sufficient lipophilicity, 
which met the requirements of formulating it in to a 
transdermal patch. The patches of selected polymers were 
prepared. Addition of the plasticizer produced a patch of 
good strength. The patches were translucent and visually 
smooth surfaced. The developed procedure to prepare the 
patches was reproducible. 
 In the present investigation, transdermal patches of 
trimetazidine hydrochloride were formulated using the 
hydrophilic polymer matrix of hydroxypropylmethylcellulose 
and carboxymethyl chitosan. Ethyl cellulose was used as rate-
controlling polymer. The prepared patches were characterized 
for physicochemical properties, in-vitro release profile and 
skin irritation studies in rabbits. The physicochemical 
properties of trimetazidine hydrochloride transdermal patches 
are presented in Table 2. The thickness of the transdermal 
patches was found to be directly proportional to the 
polymeric concentration. The thickness of the transdermal 
patches varied between 0.60±0.01 to 0.82±0.1 mm. The order 
of the thickness of patches was F6 > F3 >F2 >F5>F4>F1 
(Table 2). The folding endurance for transdermal patches was 
found in the range of 60 to 152. The order of folding 
endurance of patches is F3 > F1 >F2 >F4>F5>F6 (Table 2). 
As the ratio of concentration of drug: polymer was increased 
tensile strength also increase. Tensile strength of transdermal 
patches prepared by carboxymethylchitosan and HPMC gave 
values in the range of 0.130 ±0.05 to 0.172± 0.03 kg/mm2. 
The drug content in all the formulations was found to be in 
between 92.60±0.13% (F5) to 95.32±0.11% (F3). The results 
showed that, the drug content was uniform and reproducible 
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in each batch of different transdermal patch formulations. In 
all the formulations, the calculated standard deviation values 
were very low indicating the uniformity of drug content. 
Transdermal patches prepared by taking different drug: 
polymer ratio such as 1:1, 1:1.5 and 1:2 (by making use of 
drug reservoir polymers like carboxymethylchitosan and 
HPMC) and EC (2% of polymer concentration) as rate 
limiting membrane were subjected for in-vitro release 
studies. The formulations F1 and F4 showed in-vitro release 
of 90.9% and 89.7% for 12 hrs. The formulations F2 and F5 
showed in-vitro release of 89.9% and 89.4% for 16 hrs. The 
formulations F3 and F6 showed in-vitro release of 92.1% and 
90.9% for 24 hrs and results are shown in Fig. 1. Among all 
formulations, F3 was selected as optimized formulation. 
Permeation study of pure drug trimetazidine hydrochloride 
was carried out (Fig. 2) to understand the nature and amount 
of drug release across the cellophane membrane and was 
compared with in-vitro release of best formulation. The 
release flux of optimized formulation F3 (1.325 mg/cm2/hr) 
was 40% slower than that by pure drug, indicating the role of 
rate controlling polymers in controlling the release of the 
drug from the patches (Table 3). Skin irritation studies 
revealed that trimetazidine hydrochloride transdermal patch 
F3 did not cause any noticeable sign of erythema or edema on 
rabbit skin throught the period of 24 hrs indicating the 
prepared formulation was compatible with rabbit skin (Fig. 3 
& 4). The kinetic results revealed that the selected 
formulations F3 and F6 followed first order, as correlation-
coefficient (r2) values (0.987) of first order are higher than 
that of zero order values (0.917)(Table 4). The stability 
studies were carried out for the optimized formulation (F3) at 
250±20C/60%±5%RH, 300±20C/65%±5%RH and 
40±2oC/75±%5 RH for a period of three months. The drug 
content of F3 after stability studies was found to be 95.22, 
94.10 and 93.44% respectively at different temperatures and 
relative humidity. This indicated that the transdermal patches 
remained fairly stable during stability study period. FTIR 
studies revealed no interactions between drug and excipients.  
 
 
 

CONCLUSION 
On the basis of the in-vitro characterization it was concluded 
that Trimetazidine hydrochloride could be administered 
transdermally through matrix type TDDS developed in our 
laboratory. Transdermal patches containing polymers like 
HPMC, carboxymethyl chitosan and rate-controlling polymer 
of ethyl cellulose demonstrated sustained and controlled 
release of the drug. The drug remained intact and stable in the 
TDDS during storage, with no significant chemical 
interaction between the drug and the excipients. Further work 
is to establish the therapeutic utility of this system by 
pharmacokinetics and pharmacodynamic studies on human 
beings. 
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TABLE 1: COMPOSITION OF TRIMETAZIDINE HYDROCHLORIDE PATCHES 

Formulation code 

Drug Polymer Drug 
polymer 

Ratio 

Plasticizer Rate Limiting 
Membrane 

Trimetazidine (mg) 
Carboxy 

methyl chitosan 
(mg) 

HPMC* 
5cps 
(mg) 

Gylcerine 30%  
w/w of 

polymer (ml) 

Ethyl Cellulose 
(% w/v) 

F1 240 240 --- 1:1 0.058 2 
F2 240 360 --- 1:1.5 0.084 2 
F3 240 480 --- 1:2 0.116 2 
F4 240 --- 240 1:1 0.058 2 
F5 240 --- 360 1:1.5 0.084 2 
F6 240 --- 480 1:2 0.116 2 

Casting Solvent Water (3 ml) chloroform 
*HPMC = Hydroxypropyl methylcellulose 
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TABLE 2: PHYSICOCHEMICAL CHARACTERISTICS OF TRIMETAZIDINE HYDROCHLORIDE TRANSDERMAL PATCHES 

Formulation 
code 

Thickness*        
(mm) 

Weight 
variation* 

(mg) 

Folding 
endurance† 

Tensile 
strength* 

(Kg/mm2) 

% Drug 
content* 

F1 0.60±0.01 81.18±0.44 140 0.130±0.05 93.50±0.23 

F2 0.71±0.01 106.1±0.39 110 0.146±0.03 93.05±0.75 

F3 0.78±0.02 119.2±0.35 152 0.172±0.03 95.32±0.11 

F4 0.61±0.01 82.44±0.32 90 0.132±0.02 92.87±0.12 

F5 0.70±0.02 105.4±0.20 67 0.152±0.01 92.60±0.13 

F6 0.82±0.01 121.3±0.32 60 0.170±0.02 93.75±0.20 

* All values are expressed as mean ± SD, †n=3 
 

TABLE 3: CALCULATED FLUX VALUES FOR DIFFERENT TRIMETAZIDINE HYDROCHLORIDE TRANSDERMAL PATCHES 
Formulation code Flux* (mg/cm2/hr) Cumulative percentage of 

drug released* 
Pure drug 7.930 90.28 (4 hrs) 

F1 2.898 90.99 
F2 2.148 89.92 
F3 1.325 92.10 
F4 2.579 89.73 
F5 2.136 89.48 
F6 1.335 90.92 

*Average of three determinations 
 

TABLE 4: KINETIC STUDY FOR OPTIMIZED TRIMETAZIDINE HYDROCHLORIDE TRANSDERMAL PATCHES 

Formulation code 
Zero order First order Highuchi Korsmeyer-peppas 

n r2 n r2 n r2 n r2 

F3 3.622 0.917 -0.040 0.983 18.63 0.996 0.854 0.599 

F6 3.337 0.917 -0.039 0.987 18.68 0.992 0.874 0.622 

 

 
Fig. 1:  In vitro release profile of Trimetazidine hydrochloride transdermal patches 

 
Fig. 2: In vitro release profile of Trimetazidine hydrochloride pure drug. 
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Fig. 3: Photograph showing rabbit with applied transdermal patch F3 

 

 
Fig. 4: Photograph of rabbit showing no signs of redness or erythma after removal of the patch after 24 hrs 

 
 

 
Fig. 5: FTIR spectra of pure drug and formulation F3 
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