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ABSTRACT
The aim of the study was to design and evaluate transdermal patches of losartan potassium in the treatment of
Congestive heart failure. Transdermal patches were fabricated by solvent casting technique using Hydroxy
Propyl Methyl Cellulose (HPMC), Carbopol (CP), Polyvinyl Pyrrolidone (PVP) and plasticizer to make the
extended controlled release formulation. In the present study, total thirteen formulations were subjected to
various evaluation parameters. Based on the evaluation results, it was concluded that swelling index was found
to be proportional to HPMC and inversely proportional to carbopol. Formulation Patch F2 showed highest 39.55
% swelling index due to higher amount of HPMC. The results from in vitro drug release shows that the release
of drug from patches increase with increase in concentration of HPMC. The formulation F6 exhibited
maximum (93.41% )percentage drug release value in 8 hrs, which is compared to the minimum values obtained
with the formulation F3 (61.77%). Optimized formulation will be evaluated on the basis of kinetic modeling
studies. The % CDR and % S.I of the optimized batch was found 91.74% and 35.24% respectively. The results
indicated that the permeation was good in HOP (HPMC-CP) transdermal patches and about 70.65 % of drug
could permeate the membrane in 8 hrs and make the transdermal patches of losartan potassium as a good choice
to bypass the undesirable systemic side effects and can be proposed as a new therapeutic tool in treating
hypertensive patients.
Key words: Transdermal patches, losartan potassium, Franz diffusion cell, ex vivo study.

INTRODUCTION
The feasibility of transdermal drug therapy have
been introduced during the past decade and now
established as an effective alternative to oral and
other parenteral modes of drug administration.
Transdermal drug delivery systems (TDDS) are
defined as adhesive drug-containing devices that
delivers a predetermined amount of drug to the
intact skin at a controlled rate. The discovery of
transdermal drug delivery system is a breakthrough
in the field of controlled drug delivery system. [1].
The present investigation highlights the
formulation, development and characterization of
Transdermal patches of losartan potassium with
objective to avoid first pass metabolism, improve
the bioavailability, minimize the dose, improve the
duration of action and hence produced controlled
drug delivery. Now a day’s skin considered as a
safe port for drug administration, to provide
continuous drug release into systemic circulation
[2]. Delivery of drug through transdermal route
need to focus the attention on the single goal 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
[3]. Transdermal administration of antihypertensive
drugs has already been marketed. Other
antihypertensive drugs that have been explored for
their transdermal delivery potential are propranolol,
metoprolol, mepindoldol, captopril, verapamil,
diltiazem, nifedipine and others [4].
Present study was aimed to demonstrate the
transdermal delivery of Losartan potassium to
improve its therapeutic efficacy. Losartan
potassium was chosen as a model drug for study
since it possess near ideal characteristic that a drug
must have in formulating a transdermal drug
delivery system such as low molecular weight, high
lipid solubility, effective in low plasma
concentration as well as high degree first-pass
effect.
Losartan potassium is a well-known orally active
non-peptide angiotensin II receptor antagonist; its
principle
active
metabolites
block
the
vasoconstrictor and aldosterone secreting effect of
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angiotensin II by selectively blocking the binding
of angiotensin II to AT1 receptors. The drug is
reported to promote the decrease in ventricular
hypertrophy, salt and water excretion and vascular
smooth muscle relaxation. It is a currently
approved and novel multiple action cardiovascular
drug alternative to ACE inhibitor. The multiple
action of Losartan potassium may also provide the
rational use of drug in the treatment of Congestive
heart failure. It is less absorbed from the gastro
intestinal tract and the bioavailability is only 33%
due to first pass metabolism in liver (Cytochrome
450 enzymes). It has a half-life of 2.1± 0.70 h [5,
6].

Physiochemical characterization of transdermal
patches
Determination of thickness of the film:
Vernier calliper was used to determine the
thickness of randomly selected patches, the patch
was measured at five different points and average
of five readings was taken [11].
Folding endurance test:
Folding endurance of the patches was determined
by repeatedly folding one patch at the same place
till it broke or folded upto 300 times manually [12].
The number of times that the film could be folded
at the same place without breaking or cracking
gave the value of folding endurance.
Uniformity of weight:
Three patches of the size 1 × 1 cm2 were weighed
individually using digital balance and the average
weights were calculated [13].
Percentage moisture loss:
Accurately weight patches of each formulation (n =
3) were kept in desiccators and exposed to an
atmosphere of 98% relative humidity due to
anhydrous calcium chloride at 37 ° c for 24 hours.
The percentage of moisture loss was calculated as
the difference between initial and final weight with
respect to initial weight [14].
Percentage moisture absorption:
The percent moisture absorption test was carried
out to check the physical stability and integrity of
the patches at high humid conditions [15]. A
weighed film kept in desiccators at 40ºc for 24h
was taken out and exposed to relative humidity of
93% RH (saturated solution of Potassium bromide)
in desiccators at room temperature then the weights
were measured periodically to constant weights.
The percentage of moisture update was calculated
as a difference between final and initial weight with
respect to initial weight.
Drug content determination:
Three patches (1cm2) of each formulation were cut
and added to a beaker containing 100 ml of
phosphate buffered saline of pH 6.8. The medium
was stirred with magnetic bead for 24 hours. The
solutions were filtered, diluted suitably and
analyzed at 234 nm in a UV spectrophotometer
(Thermospectronic UV-1). The average of drug
contents of three films was taken as final reading
[16].
Tensile strength determination:
The tensile strength is determined as stretching
force applied to the sample at which it breaks.
These measurements were performed on a
dumbbell shaped specimen. A specified weight was
hung from the film through the specimen such that
a pulling force was created. The force applied on
the load cell of the apparatus was measured in
kg/cm2 [17].

METHODS
Construction of standard calibration curve of
losartan potassium: For the preparation of stock
solution, 25 mg of losartan potassium was taken in
100 ml of phosphate buffer (pH 6.8) and was kept
on magnetic strir until the complete dissolution of
the drug. From the stock solution suitable dilutions
were prepared from 8 to 16 µg/ml in increasing
order which were analyzed UV Visible
spectrophotometer at 234 nm and absorbance
values were recorded as given below in Table 1 [7].
Then a standard calibration curve was constructed
using MS Excel as shown in Fig 1 [8].
Investigation of compatibility between drug and
excipients: FTIR spectra of the drug with each
excipient were recorded using fourier transform
infra-red spectrometer. Pellets of the drug sample
in KBr were prepared on KBr press. The spectrum
was scanned over a wave number range of 4000 to
400 cm-1 and compared.
Casting of patches: The matrix-type transdermal
patches containing losartan potassium were
prepared using different ratios of HPMC, Carbopol
940 and PVP (Table 2). Accurately weighed
amount of HPMC and PVP dissolved in 3 ml of
water and allowed to swell for 05 mins at room
temperature. The above polymer solution was
mixed with stirring through approx. 3ml more
water lead to complete dispersion. Carbopol 940
was placed in 4 ml of water and stirred for 60 mins
and the two polymeric solutions were mixed then
PEG 400 (50% w/w of polymer weight) was
incorporated as plasticizer. At the same time
solution of 50 mg of losartan potassium was
prepared in 2ml of distilled water and added to the
above polymer solution and mixed thoroughly then
the solution for the patch was poured into the glass
mould and kept at room temperature for 72 hours.
After drying the films were preserved in dessicator
till the evaluation tests were performed [9, 10].
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(In plane Bending),933 cm-1 Ar-CH ( Out plane
Bending), confirming the purity of the drug. In the
FTIR spectra of the physical mixture of drug and
polymers as shown in the fig 5, major peaks of
drugs were observed at wave numbers 2924 cm-1,
1651 cm-1, 1458 cm-1, 1057 cm-1, 933 cm-1.
However, some additional peaks were observed
with the physical mixture, possibly because of
presence of polymers From the spectrums it was
clear that the peaks which were in pure drug
contains in physical mixture this shows that there is
no interaction between the Losartan potassium and
polymers used. The thermograms (IR) of pure drug
and the physical mixture, drug and polymer shows
corresponding peaks individually. Differential
scanning calorimetry analysis for pure Losartan
potassium showed a sharp endothermal peak at
266.070C, corresponding to drugs melting point
(melting point of Losartan potassium 266.07 0C) as
shown in fig 5.

Swelling studies of the patches: A drug-loaded
patch of 1x1 cm2 was weighed on a pre-weighed
cover slip. It was kept in a petridish and 50 ml of
phosphate buffer, pH 6.8 was added. After every
five min, the cover slip was removed and weighed
up to 60 min. The difference in the weights gives
the weight increase due to absorption of water and
swelling of patch [18].
In-vitro dissolution studies: To carry out
dissolution studies USP dissolution apparatus type
2 (paddle method) was used for transdermal patch
formulation under sink conditions 37±0.50C and
stirred at rate of 50 rpm. To guide the drug release
from the single face each patch was fixed on a glass
slide with the help of adhesive. Then the slide was
immersed in the vessel containing 900 ml of pH 6.8
phosphate buffer solution. The aliquots of 5 ml
were withdrawn at the time interval of 1 hour up to
8 hrs and replaced with equal volume of fresh
dissolution medium. The sink condition was
maintained throughout the study. The amount of
losartan potassium was determined by UV-VIS
Spectrophotometer at 234 nm and cumulative
amount of drug release at various time intervals
was calculated [19].

Physiochemical characterization of transdermal
patches: The results of the physicochemical
characterization of the patches are shown in Table
3. The thickness of the transdermal patches varied
from 0.21 mm to 0 .55 mm which indicates that all
the prepared patches was of nearly uniform
thickness. Folding endurance test results indicated
that the patches did not break and maintained their
integrity with general skin folding when applied
and it measures the ability of patch to withstand
rupture [20]. Folding endurance of all the
formulations were found to be varied in between
200 to 250 as shown in Table 3. The patches were
found uniform in weight. Slight changes in weights
among the patches were observed and the average
weight of the patch found was about 34.73 mg.
Good uniformity of drug content among the
batches was observed for all formulations and
ranged from 84.26 – 97.54 %. The tensile strength
of drug loaded patches was higher than the dummy
patches. More the solubility of the polymer higher
will be the tensile strength. Tensile strength of
patches was varied from 1.548 kg to 2.936 kg. The
results of the moisture content studies for different
formulations are shown in Table 3. The moisture
content of the prepared transdermal film was low,
which could help the formulations remain stable
and from being a completely dried and reduce
brittleness during storage. The moisture uptake of
the transdermal formulations was also low, which
could protect the formulations from microbial
contamination and also reduce bulkiness of films.
The moisture uptake varied between 2.11% to
6.705%. The consequence of water uptake could be
the formation of empty spaces within the patch that
could make its structure less resistant to mechanical
stresses [21]. Swelling index was found to be
proportional to HPMC and inversely proportional

Ex vivo Permeation studies: The Ex vivo
permeation study of optimized formulation of
losartan potassium through the abdominal mice
skin was carried out using the modified Franz
diffusion cell. Hair was removed and the area
washed with distilled water. Mice were euthanized
by cervical dislocation, abdominal skin was excised
and the fatty material attached to the dermis was
peeled off. The skin was sandwiched between the
receptor and donor compartment of the Franz
diffusion cell. Formulation under study was placed
in intimate contact with the abdominal mice skin
and the topside was covered with aluminum foil as
a backing membrane. Magnetic bead was placed in
the receptor compartment filled with 100 ml of pH
6.8 phosphate buffer. The cell contents were stirred
with a magnetic stirrer and temperature of 37±1°
was maintained throughout the experiment. The
samples were withdrawn at every hour, filtered,
diluted suitably and then analyzed using UVspectrophotometer at 234 nm.
RESULTS AND DISCUSSION
Investigation of compatibility between drug and
excipients: The Fourier transform infrared
spectroscopy (FTIR) spectrum of the physical
mixture (drug with polymer) was compared with
pure drug. From FTIR the principal peaks of
Losartan potassium were observed at wavelength
2955cm-1 C-H Stretching( Aliphatic),1643 cm-1
(C=C),1458 cm-1 Al-CH-bend, 1072 cm-1 Ar-CH
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to carbopol. Addition of certain amount of
hydrophilic polymers increased surface wet ability
and consequently water penetrates within the
matrix. Patch F-2 showed highest % swelling index
due to higher amount of HPMC. It varied between
29.06 % to 39.55 %.

coefficient X2 bears a negative sign. Therefore,
increasing the concentration of HPMC is expected
to increase the % CDR while increasing the
concentration of carbopol is expected to decrease
the % CDR. This was further revealed by the
response surface plots and in The polynomial
equation (2) same sign denotes the variables means
the variable for % S.I also exhibit similar effect.

In-vitro release studies [22]: In vitro drug release
studies are needed for predicting the reproducibility
of rate and duration of drug release. The results
from in vitro drug release shows that the release of
drug from patches increase with increase in
concentration of HPMC. The formulation F6
exhibited maximum (93.41% )percentage drug
release value in 8 hrs, which is compared to the
minimum values obtained with the formulation F3
(61.77%). An increase in carbopol content was
associated with a corresponding decrease in the
drug release rate. This could be due to extensive
swelling of the polymer which created a thick gel
barrier for drug diffusion. The drug release was
increased linearly with the increasing concentration
of HPMC (hydrophilic polymer). The addition of
hydrophilic component (HPMC) to an insoluble
film former tends to enhance the release rates [23].

Optimization of formulation: The optimum
values of the variables were obtained by numerical
analysis using the design expert software and based
on the criterion of desirability [24]. To locate the
optimum formulation based on the criteria of
attaining maximum % cumulative drug release and
optimum swelling (%).The optimized formulation
(HOP) was prepared with 250 mg of HPMC and
92.16 mg of carbopol. Also the method of
preparation and all other factors remained constant.
The optimized batch evaluated for various
characterization parameter. The % CDR and % S.I
of the optimized batch was found 91.74% and
35.24% respectively.
Ex vivo permeation study of the optimized
batch: The results of drug permeation from
optimized transdermal patches of Losartan
potassium reveal that the drug was released from
formulation and permeated through the abdominal
mice skin. The results indicated that the permeation
was good in HOP (HPMC-CP) transdermal patches
and about 70.65 % of drug could permeate the
membrane in 8 hrs as shown in Table 4 and Fig 6.

Formulation optimization by experimental
design: The statical experimental design was used
to study the effect of variables on the in-vitro drug
drug release from the transdermal patches and their
swelling index. Experimental design has been
widely used in pharmaceutical field to study the
effect of formulation variables and their
interactions with response variables. Based on the
statical analysis like adjusted multiple correlation
coefficient and predicted correlation coefficient a
quadraic was chosen for interpreting data results of
% CDR and % Swelling Index. Analysis of
variance of the responses indicated that response
surface models developed for % cumulative drug
release (8th hr.) and % swelling index were
significant and adequate, without significant lack of
fit. Mathematical relationships generated using
multiple linear regression analysis for the studied
response variables are expressed as equations given
below Mathematical relationships generated using
multiple linear regression analysis for the studied
response variables are expressed as equations given
below:

CONCLUSION
In conclusion, controlled release TDDS patches of
Losartan potassium were prepared using solvent
casting technique employing the various polymers.
All the physicochemical characteristics were
evaluated, which showed satisfactory results with
good flexibility. The formulations were showed an
increase in carbopol content was associated with a
corresponding decrease in the drug release rate.
This could be due to extensive swelling of the
polymer which created a thick gel barrier for drug
diffusion. The drug release was increased linearly
with the increasing concentration of HPMC
(hydrophilic polymer). Hence transdermal patch of
losartan potassium can be used for mainly in
minimizing dose and help to improve patient
compliance and loasrtan potassium is a drug of
choice for delivery through the control release via
trannsdermal route.

% CDR = + 87.57 + 2.75 X1 – 5.62 X2 + 0.25 X1
X2 + 2.63 X12 – 17.16 X22 ……. (1)
% S.I. = + 30.95 + 0.89 X1 – 2.47 X2 – 1.08 X1 X2
+ 1.40 X12 + 2.63 X22……. (2)
The polynomial equation (1) for % CDR denotes
that coefficient X1 bears positive sign and
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Table 1: Concentration versus Absorbance of Losartan potassium phosphate buffer pH 6.8
S. No.
1
2
3
4
5

Concentration (µg/ml)
8
10
12
14
16

Absorbance
0.488
0.612
0.75
0.87
0.936

Table 2: Composition of different formulations containing Losartan potassium
Ingredients
Drug(mg)
HPMC(mg)
CP (mg)
PVP (mg)
PEG 400 (%)
Water (ml)
Total
weight(mg)

Formulation Code
F1
F2
F3
50
50
50
150
250
150
50
50
150
300
200
200
50
50
50
12
12
12
500
500
500

F4
50
250
150
100
50
12
500

F5
50
150
100
250
50
12
500

F6
50
250
100
150
50
12
500

F7
50
200
50
250
50
12
500

F8
50
200
150
150
50
12
500

F9
50
200
100
200
50
12
500

F10
50
200
100
200
50
12
500

F11
50
200
100
200
50
12
500

F12
50
200
100
200
50
12
500

Table 3: Physicochemical properties of losartan potassium transdermal patches.
Formulation
Code

Thickness
(mm)

Folding
Endurance

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13

0.42
0.27
0.41
0.47
0.55
0.33
0.21
0.24
0.40
0.39
0.25
0.31
0.26

>250
>250
>200
>200
>250
>250
>250
>250
>250
>250
>200
>250
>250

Weight
Uniformity
(mg)
38.3
34.3
40
43.3
52
40.3
29
22
31.10
34.33
36.32
32.33
35.33

Moisture
content
(%)
2.150
1.694
0.719
2.67
1.851
2.04
3.896
2.325
3.44
2.236
3.17
2.484
3.351

Table 4: % Cumulative Drug Permeated of optimized patches
Time (hrs.)
0
0.5
1
2
4
6
8

% Cumulative Drug Permeated
HOP
00
16.54
33.45
42.89
53.66
60.91
70.65
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Moisture
uptake
(%)
5.37
4.51
2.63
4.46
4.166
6.705
5.84
6.04
4.88
3.51
2.11
4.03
3.91

Drug
Content
(%)
91.23
92.28
97.54
89.02
93.39
93.75
91.08
91.38
87.78
94.39
84.26
90.78
90.50

Tensile
Strength
(kg)
2.726
2.668
1.796
1.548
2.439
2.148
1.796
1.863
1.694
1.847
2.936
2.845
1.763

F13
50
200
100
200
50
12
500

Verma et al., World J Pharm Sci 2016; 4(5): 277-284

Fig. 1: Standard Curve of Losartan potassium

Fig 2: Graph showing % swelling index for transdermal patches
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Fig 3: Graphical representation of dissolution profile of transdermal patches from formulation batches F-1 to F6

Fig 4: Graphical representation of dissolution profile of transdermal patches from formulation batches F-7 to F13

Fig 5: DSC of Losartan potassium
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Fig 6: % Cumulative Drug Permeated of optimized patches
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