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ABSTRACT
Background and Objectives: This study aimed for systemic and sustained delivery of drug 
via non-parental route. Materials and Methods: Transdermal patches were prepared by 
using solvent evaporation method and optimized using 2-factor, 3-level design to investigate 
the influence of Ethyl Cellulose and HPMC on their tensile strength and drug release. Results: 
Optimized transdermal patches have shown uniform drug distribution with tensile strength 
3.54±0.40 kg/mm2 and in vitro release 94.41±8.7%. The drug content was found to be between 
93.84% and 99.62%, indicating a uniform distribution of medication. They were discovered to 
have a fairly satisfactory moisture content and moisture uptake, which aids in their ability to 
stay dry and stable. Every formulation underwent an in vitro drug release investigation, and the 
results showed that the F7 formulation had the highest maximal release of 94.41% in a 24-hr 
period. The Franz diffusion cell with rat skin in phosphate buffer pH 7.4 was used as the receptor 
media for ex vivo permeation investigations. Ex vivo skin penetration testing demonstrated that 
the medication (74.18%) was released in gradually over the course of 24 hr from the optimized 
patches. Thus, these patches can be used for systemic delivery of drug via non-parental route. 
Conclusion: The developed transdermal patches may offer sustained and systemic delivery of 
drugs via non-parental route.

Keywords: Transdermal Patches, Sustained Delivery, Solvent Evaporation Method, Statistical 
Experimental Designs, Factorial Design, Lisinopril.

INTRODUCTION

A substitute for oral medication and hypodermic injection is 
transdermal administration.1 For centuries, individuals applied 
medicinal compounds to their skin to achieve medicinal benefits. 
At present, numerous topical applications have been generated 
to address specific local indications. Transdermal Drug Delivery 
Systems (TDDS) are defined as distinct, self-sufficient dosage 
forms that, when applied to intact skin, allow the drug(s) to be 
delivered at a controlled pace via the skin and into the systemic 
circulation.2 Transdermal route is acknowledged as one possible 
method for the local and systemic distribution of medications.3 In 
1979, scopolamine was delivered via transdermal patch for three 
days to cure motion sickness in the United States for systemic 
delivery.4 Transdermal Drug Delivery (TDD) is a painless 
method for systemic delivery of drugs by applying onto intact and 

healthy skin.5,6 The medication mostly enters in body through the 
stratum corneum and subsequently enters in dermis by way of 
the deeper epidermis, without building up in the dermal layer. 
The medication penetrated through the dermal layer and through 
the dermal microcirculation it becomes accessible to systemic 
absorption.7,8 The three TDDS generations operate in the 
following ways: The role of first generation transdermal delivery 
systems in distribution of small, lipophillic, low-dose medications 
has been increased steadily. The formulations produced via 
second-generation delivery systems have been employed 
chemical enhancers, iontophoresis and non-cavitational 
ultrasound to adjust distribution rates in pre-requisite time. 
Third-generation delivery technologies employ microneedles, 
electroporation, microderm abrasion, thermal ablation, and 
cavitational ultrasound to target the stratum corneum and skin's 
barrier layer.4 Numerous transdermal products with different 
drugs such as lidocaine, diclofenac, nitroglycerin, clonidine, 
fentanyl, nicotine, oestradiol, and testosterone were launched in 
market. Additionally, this interest can be reflected in the large 
size of the market. Some benefits of transdermal drug delivery 
systems include avoiding first-pass hepatic metabolism, reducing 
gastrointestinal side effects, eliminating drug-food interactions, 
and eliminating the risks and inconveniences associated with 
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intravenous therapy.9 The two main adverse consequences of 
this method are skin irritation and hypersensitivity responses.10 
Hydrophilic medications have proven challenging to administer 
transdermally; peptides and macromolecules, such as novel 
genetic treatments utilizing DNA or small-interfering RNA 
(siRNA), have presented unique difficulties.11 A medicinal 
molecule can traverse the unbroken stratum corneum in three 
crucial ways.12 Diffusion can takes place via transcellular and 
intercellular permeation through the stratum corneum, as well as 
transappendageal permeation through the sweat, sebaceous, and 
hair follicles. A given medication is expected to permeate through 
a combination of these channels, with the physicochemical 
properties of the molecule determining the proportional 
contributions of these pathways to the gross flow.13

The use of statistical experimental designs in drug formulation 
facilitates fewer trials and makes it easier to better estimate the 
relative significant levels of different variables, an important 
tool for optimizing process variables.14 The formulation of 
transdermal patches is optimized by using different designs such 
as D-optimal design, Box-Behnken Design (BBD) and Factorial 
design.15 In the present study, the factorial design with two factors 
and three levels was used to optimize the process, as it generates 
few runs than others.16

The lysine derivative of enalapril, lisinopril (angiotensin 
converting enzyme inhibitor), does not require hydrolysis to 
have pharmacological effect. Its bioavailability ranges from 
6 to 60% due to its substantial hepatic first pass metabolism. 
Transdermal patches have been developed to address the drug's 
low bioavailability. The medicine has an effective single-daily 
half-life of 12 hr, but its average intersubject bioavailability is just 
25%, which is a serious drawback.17 Transdermal administration 
is therefore a potential substitute strategy that will boost the 
drug's bioavailability and prolong its release. DMSO is utilised 
in the formulation as a penetration booster to get past the skin's 
barrier qualities.18 The present study was proposed to optimize 
and formulate series of lisinopril-loaded transdermal patches 
using two factor three level factorial designs for sustained and 
systemic delivery of drugs via non-parental route by using 
solvent evaporation method. The intention behind the study 
was to explore the influence of various independent variables 
like concentration of ethyl cellulose (A) and concentration of 
HPMC (B) on the dependent variables like tensile strength and 
percentage cumulative drug release by using factorial design. We 
also assessed the material's physical appearance, consistency in 
thickness and weight, folding endurance, moisture content and 
uptake percentages, water vapour permeability, tensile strength, 
in vitro drug release studies, and ex vivo permeation studies.

MATERIALS AND METHODS

Material
Lisinopril was acquired from Combitic caplet global private 
limited, located in Sonepat. Loba Chemie Pvt. Ltd., Mumbai, 
supplied hydroxyl propyl methylcellulose, polyvinyl alcohol, 
ethanol, and ethyl cellulose. Sodium chloride, disodium hydrogen 
phosphate, and dibutylphthalate were acquired from Thermo 
Fischer Scientific, Pvt. Ltd., Mumbai. Qualikens Fine Chemicals 
Pvt. Ltd., Delhi, was the source of dimethyl sulfoxide. Potassium 
chloride was acquired from E. Merck Ltd., in Mumbai. Potassium 
dihydrogen orthophosphate was acquired from RFCL Ltd., New 
Delhi.

Method
The solvent evaporation technique was employed to produce 
matrix-type transdermal patches containing lisinopril in varying 
ratios of ethyl cellulose and hydroxyl propyl methyl celluloses. 
Pouring a 3% PVA solution into a petridish and drying it at 60ºC 
for 6 hr resulted in the casting of the supporting membrane. The 
polymeric solution was prepared by dissolving ethyl cellulose 
and hydroxy propyl methyl cellulose in a solvent (mixture of 
dichloromethane and ethanol in equal proportion). In order 
to achieve a homogenous solution, the drug was gradually 
incorporated into the polymeric solution under magnetic stirring.

As a plasticiser, di-butyl phthalate was employed, and DMSO 
was employed as a penetration enhancer. Then, the solution was 
transferred in petridish, and allowed to dry at room temperature. 
After the patches had dried completely, they were divided into 
3×3.6 cm2 pieces and stored in desiccators until they were 
needed.19,20 The drug that was employed in each 3×3.6 cm2 patch 
was equivalent to 20 mg. In order to apply the transdermal patch 
for 24 hr, the dose has been calculated based on the cumulative 
dose of 10 mg per day. Consequently, the dose is 20 mg. The 
formulation composition is presented in Table 1 in accordance 
with the fractional factorial design.

Preliminary Trials of Transdermal Patch
To choose the subject matter domain for the fabrication of the 
transdermal patch, preliminary testing was conducted. The 
experimental field shouldn't be too big or small, as this could 
result in tests that aren't realistic or too far away from the 
permissible range.

Selection of hydrophobic polymer (A)
Ethyl cellulose was used in numerous studies at varying 
concentrations. Ethyl cellulose's hydrophobic properties cause 
its concentration to rise with increased sustained action. The 
working range of ethyl cellulose was  240 mg to 960 mg. The 
patches were shown to exhibit poor tensile strength above 960 
mg of polymer, and to exhibit declining sustained action below 
240 mg of polymer. The hydrophobic nature of ethyl cellulose 
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declined the percentage of medication release as its concentration 
rises above 600 mg.

Selection of hydrophilic polymer (B)

To prepare the patch, hydroxypropyl methyl cellulose was tested. 
It has been demonstrated that incorporating a hydrophilic 
component during formation an insoluble film will increase its 
dissolution rate constant because of its hydrophilic character. 
This is because the aqueous soluble portion of the polymer matrix 
dissolves and creates gelaneous holes, which in turn shortens the 
drug molecules' mean diffusion time when they release into the 
diffusion medium. A rise in drug release percentage is indicated 
by an initial increase in HPMC concentration. The patch was 
sticky at doses above 840 mg and difficult to peel at doses below 
360 mg. For the purpose of creating the patches, a dosage range 
of 360 mg to 840 mg was selected.

Design Of Experiment For Preparation Of 
Transdermal Patch

Using Design Expert Software version 13, a 2-factor, 3-level 
factorial design can be utilised to explore quadratic response 
surfaces and build polynomial models. The selection of the two 
independent variables, namely Ethyl Cellulose (A) and HPMC 
(B), was based on preparatory studies conducted prior to the 
implementation of the experimental design.21 The purpose of the 
experiment was to determine how several independent factors, 
such A and B, affected the results. When two factors are adjusted 
at the same time, the response changes as indicated by the 
interaction term (AB). The purpose of including the polynomial 
term (A2, B2) is to explore nonlinearity.

Evaluation of Transdermal Patches

All the prepared formulations were subjected for preliminary 
screening to verify the effect of various polymer combinations on 
transdermal patches.22-24

FTIR

The FT-IR spectras of Lisinopril, ethyl cellulose, HPMC and 
optimized batch of transdermal patch were recorded using an 
Instrument FT-IR-Alpha Bruker 1206 0280 from Germany. The 
sample holder was first cleaned, and background measurement 
was then carried out to offset the impact of external contaminants. 
The samples positioned on holder for analysis and scanned 
from 400-4000 cm-1at a resolution of 4 cm-1. The spectrum was 
appeared on the screen after 16 runs.22,23

Physical appearance

A visual examination was conducted on each created patch to 
assess its colour, clarity, flexibility, and smoothness.24

Thickness uniformity

The current study's objective was to assess the formed patches' 
equal thickness. Using a screw gauge, the thickness of the patches 
was measured three times (n=3), and the average thickness of the 
three readings was computed.25

Weight uniformity

The total weight of three films was determined by weighing each 
moiety separately.26

Folding endurance

It was ascertained by folding a tiny piece of film at the same 
spot repeatedly until it broke. The value of folding endurance 
was determined by counting how many times the films could be 
folded in the same direction without breaking.24

Drug content

The small pieces of patches (1cm2) were stirred with teflon coated 
magnetic bead for 5hr in 100 mL of Phosphate Buffer Saline of 
pH 7.4 (PBS). The contents were examined for the drug content 
against the reference solution at 273 nm after filtration using 
HPLC.27

% Moisture content

The produced films were individually weighed and stored for 24 
hr at Room Temperature (RT) in desiccators filled with fused 
CaCl2. Once a day had passed, the films were weighed again, and 
the percentage moisture content was calculated using formula 
(n=3):28

​ ​

% Moisture uptake

In order to maintain an 84% relative humidity, the weighted films 
were stored in desiccators in presence of a saturated solution of 
potassium chloride for 24 hr  at room temperature. After that 
change in weight of film were evaluated, and the percentage 
moisture uptake was calculated using formula (n=3):28

​

Water vapor permeability

Glass vials were properly  sterilized  in an oven and  filled with 
fused calcium chloride, and sealed with  polymeric films using 
adhesive tape. After weighing, the vials were stored in humidity 
chamber at 85% R.H. condition for 24 hr. The vials were weighed 
at different intervals like 3, 6, 12, 18, and 24 hr to estimate the 
weight gain (n=3).29
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Tensile strength

Tensile strength of film was measured by using tensile tester. A 
strip of film of definite size was cut and was held between jaws 
of tester and measurement was done by keeping the one jaw 
stationary and moving other slowly with the help of moving 
screw until the film broken (n=3).24

​

In vitro Drug Release Studies

The paddle over disc assembly was used to evaluate in vitro drug 
release of medicine from patches in Phosphate Buffer of pH 7.4 
(900 mL). The patch was positioned in assembly and its surface 
was covered with muslin cloth. The whole assembly was then 
positioned in the vessel in such way that the releasing surface 
of the patch faced upwards. The apparatus was operated at 50 
rpm and maintained at 37±0.5ºC. The sample were withdrawn 
regularly after 1hr up to 24 hr and analyzed to estimate the 
content of drug by HPLC (Agilent technologies 1200 series, 
Germany; Quaternary pump, Eclipse XDB- C18 column (4.6 
mm×150 mm) packed with octadecylsilane and porous silica (3 
μm)) at 258 nm.30,31

Drug release kinetics

The raw data obtained from in vitro release studies were analyzed 
and fitted into different equations and kinetic models to compute 
the percent drug release and release kinetics of lisinopril from 
transdermal patches. These models of data treatment include 
zero-order kinetic model, first order kinetics, higuchi’s model, 
korsmeyer’s-peppas model.

Ex vivo Permeation Studies

Animals: The Institutional Animal Ethics Committee of Hindu 
College of Pharmacy (585/02/c/CPCSEA) vide reference no. I 
reviewed and approved the protocol of animal study.13,32

Preparation of skin

The entire thickness of the dead rat's skin was removed, and it 
was then cleaned with water. Fingernails or nails were used to 
remove the layer of fatty tissue. Hair removal was accomplished 
with depilatory cream. Wet cotton was used to scrub the hair, 
and regular saline solution was used to wash it. Until the skin 
was used for the diffusion investigation, it was stored in a regular 
saline solution in the refrigerator. The skin was given time to 
acclimatize to room temperature before usage. Subsequently, skin 
was adhered between the cell's receptor and donor section. The 
skin was constricted so that the receptor medium would come 
into touch with the dermal side.33

Diffusion cell

The purpose of the diffusion research was to determine how 
well drugs penetrated the transdermal system's barrier. In vitro 
studies are also conducted to produce TDDS. Diffusion cells 
are often employed in two varieties: horizontal and vertical. 
Diffusion cells of the Franz and Keshary-Chien (K-C) type 
are horizontal cells. Franz diffusion cell was employed in this 
study. Typically, diffusion cells consist of two compartments: 
the donor compartment contains the active content, and the 
receptor compartment contains the receptor solution. These 
compartments are divided by a barrier, such as the skin of the 
rat's abdomen. The temperature-maintaining jacket and sample 
port made up the cell. Static water existed within the jacket due 
to the latex tubing connecting the exit and input, and a hot plate 
was used to provide heat. The receptor solution was stirred using 
teflon coated bead on magnetic stirrer. The receptor compartment 
was covered with the rat's abdomen skin, and clamps were used 
to secure both compartments firmly.33

Phosphate buffer pH 7.4 was used as medium in receptor 
compartment. The buffer was stirred using teflon coated bead 
at temperature 37±0.5ºC. The diffusion was performed for 24 hr 
and a required amount of sample was withdrawn regularly by 
replacing with the same volume of phosphate buffer to maintain 
the sink conditions. The samples were analyzed at 258 nm. Other 

Table 1: Composition of different formulations according to fractional factorial design.

Formulation Drug (mg) Factor A
Ethyl Cellulose (mg)

Factor B
HPMC (mg)

DBP (30%) (mL) DMSO 
(mL)

F1 120 240 360 0.35 1
F2 120 600 360 0.35 1
F3 120 960 360 0.35 1
F4 120 240 600 0.35 1
F5 120 600 600 0.35 1
F6 120 960 600 0.35 1
F7 120 240 840 0.35 1
F8 120 600 840 0.35 1
F9 120 960 840 0.35 1
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designs of diffusion cells that are in existence include Valia-Chien 
(V-C) cell, Ghannam-Chien (G-C) cell, Jhawer-Lord (J-L) 
Rotating disc system, etc.

RESULTS

Lisinopril was stored with different additives and polymers 
at 25ºC/60% RH and 40 ̊C/75% RH for 4 weeks to check their 
compatibility and observed the physical changes like colour 
change, gas or odor formation and liquification (n=3) (Table 2).

Preparation of transdermal patches
The major  purpose of the present study  was to create a 
transdermal patch that contained lisinopril by employing Design 
of Experiments (DOE). A second-order polynomial equation 
was derived using a two-factor, three-level (32) factorial design 
in order to create contour plots for response prediction. Nine 
runs in all were produced, with the hydrophobic polymer 
concentration (A) and the hydrophilic polymer concentration 
(B) at low, medium, and high levels chosen as independent 
variables. The percentage  of medication release and tensile 
strength were the dependent variables under investigation. To 
determine the composition of the optimal formulation, contour 
plots and response surface plots were created, and a polynomial 
equation was produced. Generally speaking, the rate of drug 
release reduced as polymer (A) concentration increased, whereas 
thickness increased as plasticizer and polymer concentration 
increased. The design additionally demonstrated the function of 
contour plots and generated polynomial equations in forecasting 

the values of dependent variables for the production and 
enhancement of film formulation.

Preliminary trials

The preliminary trials were conducted to select independent 
variables and their experimental domain. According to published 
research, hydrophobic and hydrophilic polymers are the two 
primary independent variables of a patch. An evaluation was done 
on a number of studies using varying concentrations of EC. The 
increased concentration of EC from 240 mg to 960 mg depicted a 
significant decrease in % drug release but increased in thickness. 
Initial increase in the concentration of HPMC shows increase in 
% drug release and tensile strength. The patch with concentration 
less than 360 mg was not easily detachable and at concentration 
of 840 mg it was sticky in nature. Hence the percentages between 
30-70% of HPMC were trialed. After selection of independent 
variables and their working range, 32 factorial designs were 
applied to generate formulation trials with various combinations 
of levels of factors (independent variables).

Formulation using RSM

Experimental design is a powerful and efficient tool for the 
development of a formulation. The experimental design allows 
for studying different processing parameters that influenced the 
selected responses with minimum number of experiment. Thus, 
reducing the time and cost required for the development of 
formulation. Response Surface Methodology (RSM) is a widely 
employed approach for the development and optimization 

Table 2: Affinity study of drug with additives/polymers.

Drug-Excipients (1:1) At 25ºC/ 60% RH At 40ºC/ 75% RH

1st Week 2nd Week 3rd Week 4th Week 1st Week 2nd Week 3rd Week 4th Week
Drug + Ethyl Cellulose √ √ √ √ √ √ √ √
Drug + HPMC √ √ √ √ √ √ √ √
Drug + HPMC + EC √ √ √ √ √ √ √ √
Drug + PVA √ √ √ √ √ √ √ √

*√ refers to no changeNo physical incompatibilities were observed with any of the excipients.

Table 3: Levels of independent variables used in fractional factorial design and result of tensile strength and cumulative drug release from lisiniopril 
transdermal patches.

Batch No. A: EC
(mg)

B: HPMC
(mg)

Thickness
(mm)

Tensile strength
(kg/mm2)

In vitro drug release 
(%)

F1 +1(960) -1(30) 0.35±0.08 3.38± 0.14 85.59±7.5
F2 0(600) 1 (70) 0.39±0.12 3.31±0.08 75.14±6.9
F3 +1(960) -1(30) 0.46±0.05 3.41±0.65 68.64±7.3
F4 -1(240) 0 (50) 0.34±0.06 3.36±0.35 89.34±6.5
F5 0 (600) 0 (50) 0.38±0.09 3.33±0.19 83.54±6.2
F6 +1(960) 0 (50) 0.44±0.04 3.43±0.32 80.97±5.7
F7 -1(240) +1 (70) 0.31±0.09 3.54±0.40 94.41±8.7
F8 0 (600) +1 (70) 0.33±0.06 3.46±0.58 90.52±7.4
F9 +1(960) +1 (70) 0.41±0.059 3.49±0.63 93.24±8.6
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of drug delivery carriers. The Design of Experiment (DOE), 
methodology involving various types of experimental design, 
generation of polynomial equations and mapping of the responses 
over the experimental domain is used to determine the optimum 
formulations.34

The polynomial equation generated by the experimental design 
is given as:

Y=b0 + b1A+ b2B + b12AB + b11A2+ b12B2

Where Y is the response evaluated, bo is the arithmetic mean 
response of 9 runs, bi is the estimated coefficient of independent 
variables.

The main effects (A and B) represent the average result of 
changing 1 factor at a time from its low to high value. The 
interaction term (AB) show how the response changes when 2 
factor are simultaneously changed. The polynomial terms (A2 and 
B2) were included to investigate non- linearity.35

Tensile Strength, thickness and in vitro drug release
Tensile Strength, thickness and in vitro drug release ranged from 
3.38±0.14 to 3.54±0.40 kg/mm2, 0.31±0.08 to 0.46±0.05 mm, 
85.95±0.38 to 93.24±0.49%, respectively (Table 3). Formulation 
F7 has maximum tensile strength, minimum thickness and 
maximum in vitro release (0.31±0.08, 3.54±0.40 kg /mm2, 
94.41±0.49%, respectively). Figures 1 and 2 display the pareto 
chart, 3D-response surface plots, and corresponding contour plots 
illustrating the tensile strength and in vitro release of transdermal 

patches. Quadratic equations were developed to represent the 
relationship between the dependent and independent variables.

Tensile Strength= +3.33+0.008A+0.065B-0.020AB+0.068A2+0.0
58B2

Where A, B are the main effects; AB is the interaction term and A2 
and B2 are square terms. The tensile strength’s F-value (10.68) and 
p-value (0.0397) indicated that the model is significant.

In vitro Drug Release
The release of drug range between 68.64±7.3to 94.41±8.7%. A 
Pareto chart was prepared to analyse the effect of coefficient on 
in vitro drug release (Figure 1 (II)). The 3D response surface plots 
are depicted in Figure 2. The polynomial equation was generated 
using Design Expert software. The F-value (289.65) and p-value 
(0.0003) for in vitro release indicated that the model is significant.

In vitro Drug Release = +83.08-4.42A+8.13B+3.94AB+2.30A2-0
.027B2

The p-value less than 0.0500 indicate that the model terms are 
significant. Values greater than 0.10 indicate the model terms 
are not significant (Table 4). The ANOVA data of the quadratic 
model for tensile strength implies that the model is significant 
with F-value of 10.68. In this case B, A2 are significant model 
terms. There is only a 3.97% chance that this lack of fit value could 
occur due to noise. The R2, predicted R2 and adjusted R2 values for 
ANOVA data of tensile strength were 0.9468, 0.3527 and 0.8582% 
respectively. Signal to noise ratio (Adeq Precision) greater than 
4 is desirable. A ratio of 9.010 indicates an adequate signal. This 

Table 4: ANOVA results for quadratic model of tensile Strength and Cumulative drug Release.

Source Sum of Squares df Mean Square F- Value p-value Remark

Tensile Strength
Model 0.044 5 0.0087 10.68 0.0397 Significant
A-EC 0.000417 1 0.000417 0.51 0.5262
B-HPMC 0.025 1 0.025 31.11 0.0114
AB 0.0016 1 0.0016 1.96 0.2557
A^2 0.0093 1 0.0093 11.46 0.0429
B^2 0.0068 1 0.0068 8.35 0.0630
Residual 0.0024 3 0.00081
Cor Total 0.046 8

Cummulative % Drug Release
Model 586.68 5 117.34 289.65 0.0003 Significant
A-EC 116.95 1 116.95 288.71 0.0004
B-HPMC 396.91 1 396.91 979.79 < 0.0001
AB 62.25 1 62.25 153.67 0.0011
A^2 10.56 1 10.56 26.08 0.0145
B^2 0.0014 1 0.0014 0.0035 0.9565
Residual 1.22 3 0.41
Cor Total 587.89 8
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model can be used to navigate the design space. In case of in 
vitro release, the model F-value of 289.65 implies the model is 
significant. There is only a 0.03% chance that the F-value could be 
large due to noise. The R2, Predicted R2 and adjusted R2 values for 
ANOVA data of in vitro release were 0.9979, 0.9786 and 0.9945% 
respectively. The value of adequate precision (48.293) indicates an 
adequate signal.

FT-IR

FT-IR was used to study the chemical interaction between 
drugs and the polymeric material. The infrared spectra of 
formulation evidenced that the functional groups responsible 
for antihypertensive and analgesic action of the drug were 
unaffected.36 The main peak in the spectrum of the drug lisinopril, 
both free and with polymers is almost same. The characteristic 
peaks were observed at wave numbers 1652, 1575, 1456, 1342, 748, 
700 cm-1. The presence of peaks between 3886.37-3567.01 cm-1 
depicted N-H stretch, peak at 1652.82cm-1 evidenced presence 
of C=O functional group (1870-1650cm-1). Peak at 1506.67cm-1 
confirmed the presence of C-O-C. Concurrently, peak at 700.73 
cm-1 demonstrated the presence of C-C stretching. IR spectras of 
lisinopril, EC, HPMC and optimized formulation are shown in 
Figure 3a and Figure 3b.

Evaluation of Transdermal Patches
Physical appearance

The prepared transdermal patches were depicted smooth, 
transparent, and flexible (Figure 4). The outcome evidenced that 
the methods adopted to prepare these patches was satisfactory. 
The results of thickness uniformity, weight uniformity, folding 
endurance, drug content, % moisture content, % moisture 
uptake, water vapor transmission and tensile strength (n=3) were 
depicted in Table 5.

In vitro drug release study

To anticipate consistency of the rate and duration of drug release, 
release studies are necessary. It is widely recognized that polymer 
dissolution plays a crucial role in drug release from matrices, 
guaranteeing the effectiveness of sustained release. In our in vitro 
release investigations, we used the paddle over disc technique. 
The results demonstrated that the drug release rapidly from 
the patch as the concentration of HPMC augmented due to its 
hydrophilic nature.36,37

The formulation F7 depicted maximum release i.e. 94.41% in 24 
hr. Batch F3 showed minimum release due to higher concentration 
of hydrophobic ethyl cellulose (Table 6). The release kinetics 
was evaluated by making use of zero order, first order, Higuchi 

Figure 1: Upshot plot of coefficients on (I) percentage Tensile Strength (T1, and T2, are coefficients of main effects (A and B); 
T3 is coefficients of interaction term (AB); and T4 and T5 are coefficients of square terms (A2 and B2); (II) Cumulative % Drug 
Release (V1, and V2 are coefficients of main effects (A and B); V3 is coefficients of interaction term (AB); and V4 and V5 are 

coefficients of square terms (A2 and B2).
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Table 5: Characteristic parameters of Transdermal patches.

Batch Thickness 
(mm)±SD

Weight 
variation 
(mg)±SD

Folding 
endurance±SD

% Drug 
content

% Moisture 
content

% Moisture 
uptake

Water vapour 
transmission (g/
cm2.24h)

F1 0.35±0.08 374±0.31 329±4.32 96.59±0.57 3.7±0.56 3.42±0.27 0.357±0.052
F2 0.39±0.12 429±0.37 315±3.0 93.84±0.52 2.8±0.68 3.1±0.36 0.276±0.030
F3 0.46±0.05 490±0.44 286±5.21 98.35±0.50 2.5±0.39 2.89±0.79 0.251±0.038
F4 0.34±0.06 365±0.30 340±3.87 97.62±0.51 3.9±0.33 3.62±0.74 0.386±0.049
F5 0.38±0.09 392±0.38 320±4.60 96.54±0.55 3.4±0.31 3.35±0.37 0.322±0.051
F6 0.44±0.04 472±0.45 292±4.15 94.97±0.53 3.1±0.52 3.26±0.59 0.301±0.035
F7 0.31±0.09 320±0.35 356±3.89 99.62±0.56 5.4±0.42 4.51±0.38 0.439±0.023
F8 0.33±0.06 360±0.39 341±5.10 96.82±0.55 4.1±0.53 3.86±0.54 0.406±0.029
F9 0.41±0.07 456±0.42 304±5.15 98.74±0.60 4.9±0.38 4.19±0.72 0.427±0.059

Figure 2: Response surface plots and contour plots showing the influence of level of ethyl cellulose and HPMC on tensile strength and cumulative % drug release 
from transdermal patches.
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equation and Korsmeyer’s equation (Table 7). It was observed 
that Korsmeyer’s peppas release kinetic was best suited based on 
R2 value.

Diffusion studies

The figure displays the cumulative percentage of medication that 
permeated through rat skin over time, as represented graphically, 
from the best batch (Figure 5). An overall range of 59.97–74.18% 
was observed for the percentage of drug penetration from 
various formulation batches. According to the results, Higher 
Percentages of Hydrophilic Polymers (HPMC) clearly increase 
the penetration rate (Table 8).

Batch F3 has higher concentration of ethyl cellulose that slows 
down skin permeation that leads to decrease in permeability up 
to 59.97%.The first order, zero order, Higuchi, and Korsmeyer's 
equations were among the equations to which the ex vivo 
permeation data was fitted. We computed and compared the 
coefficient of correlation for every kinetic. Since none of the 
transdermal patch formulations' ex vivo permeation profiles fit 
perfectly to zero order behavior, Korsmeyer's equation which 
demonstrates that permeation follows diffusion mechanism best 
captures these data. According to ex vivo skin penetration testing, 
batch F7 released most of the medication (74.18%) in a sustained 
release pattern over the course of 24 hr that makes it a better 
formulation.38

Table 8: Ex vivo permeation study of F1 to F9 across rat skin.

Time (Hr) % Drug permeated in 24 hr

F1 F2 F3 F4 F5 F6 F7 F8 F9
1 6.04 3.94 3.35 4.11 4.50 4.85 4.68 5.51 5.68
2 9.83 5.21 6.21 8.39 7.25 6.25 7.52 12.79 8.71
3 13.24 10.59 10.59 15.75 10.48 10.72 13.60 17.71 15.91
4 17.57 15.82 15.82 20.92 16.20 15.79 21.95 23.33 24.56
5 23.04 21.56 21.56 26.23 22.75 21.30 29.87 27.52 29.87
6 29.68 25.21 24.51 31.57 26.49 26.93 33.56 35.75 36.54
7 36.84 31.40 28.40 37.75 31.96 32.52 39.10 41.24 42.12
8 41.52 36.54 34.94 42.50 36.78 38.89 45.21 46.68 47.03
24 70.78 57.92 56.67 71.34 57.98 59.46 74.18 65.75 71.19

Table 7: Kinetics of drug release of optimized formulation in phosphate buffer solution pH 7.4.

Formulation Code Zero Order First Order Higuchi Korsmeyer Peppas
F7 R2 Ko R2 Kf R2 Kh R2 N

0.794 3.5876 0.592 -0.065 0.923 9.1784 0.948 1.0084

Table 6: % Cumulative Drug Release of Lisinopril from different batches.

Time 
(Hr)

% Cumulative Drug Release of Lisinopril

F1 F2 F3 F4 F5 F6 F7 F8 F9
1 8.32±0.8 6.93±0.5 7.26±0.7 8.53±0.4 9.61±0.5 8.01±0.6 7.42±0.5 8.72±0.7 8.79±0.7
2 13.87± 1.4 11.80±0.9 10.18±1.1 12.82±0.9 15.26±1.1 12.73±1.2 12.82±1.5 14.82±1.4 16.58±1.1
3 16.42±1.5 16.27±1.2 14.35±1.2 15.69±1.3 21.34±1.3 17.64±1.5 15.69±1.9 20.63±1.8 20.62±1.4
4 21.53±1.8 23.50±1.5 19.96±1.7 18.37±1.4 25.80±1.2 22.12±1.9 19.28±1.8 24.34±2.1 24.27±1.6
5 25.76±1.9 27.65±1.6 24.56±2.2 23.26±1.5 34.12±1.8 27.14±1.2 23.62±2.1 29.56±2.2 29.87±1.9
6 35.82±2.5 33.25±2.5 34.64±2.5 32.76±2.2 42.65±2.3 39.58±2.1 33.08±2.3 38.71±2.3 38.04±2.4
7 41.52±3.2 37.69±2.6 39.57±2.6 35.64±2.4 46.89±2.7 45.26±2.5 36.64±2.5 43.68±2.4 43.48±2.8
8 41.52±3.5 37.69±1.7 39.57±2.7 35.64±2.6 46.89± 2.9 45.26±2.6 36.64±2.1 43.68±2.6 43.48±2.9
9 47.96±3.7 41.32±1.9 44.96±2.9 38.94±3.1 51.37±3.2 51.59±2.9 41.94±3.1 49.87±2.7 46.56±2.7
10 52.81±4.2 46.54±2.1 48.21±3.5 44.69±3.1 56.48±3.1 54.82±2.7 47.73±3.2 53.36±2.9 49.30±3.1
11 56.24±4.1 51.97±2.3 54.48±4.2 48.83±3.5 63.11±3.3 56.41±3.1 56.86±3.9 59.61±3.1 54.85±3.3
12 63.86±4.8 59.42±1.9 58.73±4.1 57.39±3.2 71.79±3.7 62.36±3.6 70.94±3.5 72.24±3.2 69.49±3.5
24 85.59±7.5 75.14±6.9 68.64±7.3 89.34±6.5 83.54±6.2 80.97±5.7 94.41±8.7 90.52±7.4 93.24±8.6
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DISCUSSION

The solvent evaporation technique was employed to produce 
matrix-type transdermal patches containing lisinopril in varying 
ratios of ethyl cellulose and hydroxyl propyl methyl celluloses.A 
2-factor, 3-level factorial design was used to prepare transdermal 
patches using Design ExpertSoftware version 13. All the prepared 
formulations were subjected for preliminary screening to verify 
the effect of various polymer combinations on transdermal 
patches. No physical change was depicted in the vials containing 
both drugs and polymers/excipients after 2 to 4 weeks, which 
evidenced the compatibility of drug with selected excipients. 
The preliminary trials were conducted to select independent 
variables and their experimental domain. According to published 
research, hydrophobic and hydrophilic polymers are the two 
primary independent variables of a patch. An evaluation was 
done on a number of studies using varying concentrations of EC 
to select the independent variables and their working range. After 
selection of independent variables and their working range, 32 

factorial designs were applied to generate formulation trials with 
various combinations of levels of factors (independent variables). 
Quadratic equations were developed to represent the relationship 
between the dependent and independent variables.

FT-IR was used to study the chemical interaction between drugs 
and the polymeric material. All peaks were observed in the finger 
print region of FT-IR spectra. This evidenced that there is no drug 
- excipients interaction. All the characteristic peaks of drug and 
polymers were found to be intact in FT-IR spectra of optimized 
formulation which indicates that there is no chemical interaction 
between drug and polymer. The thickness of patch was measured 
at different locations of patch with the help of screw gauze and 
average of thickness was calculated. The result demonstrated 
thickness variation of patch was ranged from 0.310 mm to 
0.460 mm with low standard deviation. The patches exhibited 
uniform weight between 320 mg to 490 mg with low standard 
deviation values. The folding endurance test is used to estimate 
the brittleness of patch. It was observed that folding endurance 
of patches decreases with augmentation of ethyl cellulose. The 

Figure 3a: IR spectrum of (I) Lisinopril (II) Ethyl cellulose.
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results demonstrated that the method employed to prepare films 
are capable to produce films with uniform drug distribution. 
% drug content of patches was found in range between 93.84 
to 99.62% which is satisfactory. The moisture content of the 
formulations was increased with rise in concentration of HPMC 
and decreased as quantity of EC was increased. The small amount 
of moisture increased their stability and converted them into 
dried and brittle films. The moisture uptake of patches was found 
to augment with the increase in amount of HPMC and decrease 
with the increase in concentration of EC. Determination of 
Water Vapor Transmission (WVT) helped in estimation of the 
permeability potential of patches. The results demonstrated 
that all formulations were permeable to water vapour. The 
formulations with highest EC concentration depicted least WVT 
due to its hydrophobic nature and formulations with highest 
conc. of HPMC showed maximum WVT due to its hydrophilic 
nature. The capacity to sustain rupture is measured by tensile 
strength. Due to the polymer's hydrophobic properties, patches 
with higher EC concentrations had higher tensile strengths, but 
patches with higher HPMC concentrations had lower tensile 

strengths. The results demonstrated that the drug release rapidly 
from the patch as the concentration of HPMC augmented due 
to its hydrophilic nature. The formulation F7 depicted maximum 
release i.e. 94.41% in 24 hr. Batch F3 showed minimum release 
due to higher concentration of hydrophobic ethyl cellulose. 
The release kinetics was evaluated by making use of zero order, 
first order, Higuchi equation and Korsmeyer’s equation. It was 
observed that Korsmeyer’s peppas release kinetic was best suited 
based on R2value. Ex vivo investigations utilizing rat skin as a 
membrane barrier allowed researchers to examine how much 
quantity of polymers affects medication permeability. The 
leaching process of HPMC, porosity, as well as the polar nature 
of this polymer, might be the reason of the increase release rate 
of drug from HPMC patches. As a result, the area of the exterior 
film exposed to the solvent increases that increases the interior 
porosity and decreases the tortuosity. According to ex vivo skin 
penetration testing, F7 released most of the medication (74.18%) 
in a sustained release pattern over the course of 24 hr that makes 
it a better formulation.

Figure 3b: IR spectrum of (III) HPMC (IV) Optimized formulation.



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 3, Jul-Sep, 2026996

Rani, et al.: Optimization of Lisinopril Loaded Transdermal Patches

CONCLUSION

Lisinopril is an antihypertensive medication that is used to 
prevent diabetic nephropathy, acute myocardial infarction, and 
hypertension. It's an inhibitor of the Angiotensin Converting 
Enzyme (ACE). Its half-life is brief and its first pass metabolism 
is not constant. Because it must be given two or three times a day, 
patients don't comply well. The goal of this work was to develop 
and assess TDDS of lisinopril for sustained release using the 
solvent evaporation method. This medication was a promising 
option for the development of a transdermal patch due to its 
small molecular size, excellent permeation, and short half-life. 
The primary goals in developing the transdermal system were 
to increase adherence among patients, decrease the frequency 
of dosing, and prolonged duration of drug release. The exterior 

appearance, weight homogeneity, bending strength, humidity 
level, humidity uptake, water vapour permeability, in vitro drug 
release investigations, and ex vivo permeation experiments were 
all assessed for the produced patches. The capacity of the patches 
to tolerate folding was tested using a folding endurance test. The 
results evidenced the satisfactory folding endurance of all patches. 
The drug content was found to be uniform in all the formulations 
ranging from 93.84% to 99.62% which indicated uniform drug 
distribution. % moisture content and moisture uptake was found 
to be quite satisfactory which help them to remain stable and dry. 
Patches containing more EC have less tensile strength and patches 
containing more HPMC have more tensile strength. In vitro drug 
release study was carried out for all the formulations and it was 
observed that F7 formulation has maximum release of 94.41% in 
24 hr. Ex vivo permeation studies were carried out using Franz 

Figure 4: Prepared transdermal patches.

Figure 5: Graphical representation of ex vivo permeation study of F7 across rat skin.
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diffusion cell on rat skin in phosphate buffer pH 7.4 as a receptor 
medium. The formulation F7 showed maximum permeation of 
74.18% in 24 hr and followed the Korsmeyer’s- peppas model 
for drug diffusion. The outcomes from the present studies 
evidenced the possibility of sustained and systemic delivery of 
drugs via non-parental route and scope of further study for the 
development of lisinopril transdermal patches.

ABBREVIATIONS

TDDS: Transdermal drug delivery systems; siRNA: 
Small-interfering RNA; BBDBox: Behnken Design; HPMC: 
Hydroxyl propyl methylcellulose; DMSO: Dimethyl sulfoxide; 
HPLC: High Performance Liquid Chromatography; DOE: 
Design of experiments; EC: Ethyl Cellulose; RSM: Response 
surface methodology; WVT: Water vapor transmission.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

SUMMARY

In this research work, solvent evaporation technique was 
employed to produce Lisinopril loaded transdermal patches 
with varying ratios of ethyl cellulose and hydroxyl propyl methyl 
celluloses. Using Design Expert Software version 13, a 2-factor, 
3-level design was utilised to explore quadratic response surfaces 
and build polynomial models. The exterior appearance, weight 
homogeneity, bending strength, humidity level, humidity uptake, 
water vapour permeability, in vitro drug release investigations, 
and ex vivo permeation experiments were all assessed for the 
produced patches. The results evidenced the satisfactory folding 
endurance of all patches. The drug content was found to be 
uniform in all the formulations which indicated uniform drug 
distribution. % moisture content and moisture uptake was found 
to be quite satisfactory which help them to remain stable and 
dry. The outcomes from in vitrodrug release of F7 formulation 
have shown maximum release. Ex vivo permeation studies have 
depicted maximum permeation and followed the Korsmeyer’s- 
peppas model for drug diffusion. The outcomes from the present 
studies evidenced the possibility of painless sustained and 
systemic delivery of drugs.

REFERENCES
1.  Prausnitz MR, Mitragotri S, Langer R. Current status and future potential of 

transdermal drug delivery. Nat Rev Drug Discov. 2004;3:115-124.
2.  Alkilani AZ, McCrudden MT, Donnelly RF. Transdermal Drug Delivery: Innovative 

Pharmaceutical Developments Based on Disruption of the Barrier Properties of the 
stratum corneum. Pharmaceutics. 2015;7(4):438-470. https://doi.org/10.3390/pharm 
aceutics7040438.

3.  Jain NK. Controlled and Novel Drug Delivery, Marcel Dekker, New York 2004.
4.  Prausnitz MR, Langer R. Transdermal drug delivery. Nat Biotechnol. 

2008;26(11):1261-1268. https://doi.org/10.1038/nbt.1504.
5.  Han T, Das DB. Potential of Combined Ultrasound and Microneedles for Enhanced 

Transdermal Drug Permeation: A Review. Eur. J. Pharm. Biopharm. 2015; 89: 312-328. 
https://doi.org/10.1016/j.ejpb.2014.12.020.

6.  Schoellhammer CM, Blankschtein D, Langer R. Skin Permeabilization for Transdermal 
Drug Delivery: Recent Advances and Future Prospects. Expert Opin. Drug Deliv. 
2014;11:393-407. doi: 10.1517/17425247.2014.875528.

7.  Donnelly RF, Singh TRR, Morrow DI, Woolfson AD. Microneedle-Mediated Transdermal 
and Intradermal Drug Delivery. Wiley; Hoboken, NJ, USA: 2012.

8.  Kretsos K, Kasting GB. A Geometrical Model of Dermal Capillary Clearance. Math. 
Biosci. 2007;208:430-453. https://doi.org/10.1016/j.mbs.2006.10.012.

9.  Han T, Das DB. Potential of Combined Ultrasound and Microneedles for Enhanced 
Transdermal Drug Permeation: A Review. Eur. J. Pharm. Biopharm. 2015; 89: 312-328. 
https://doi.org/10.1016/j.ejpb.2014.12.020.

10.  Ita K. Transdermal Drug Delivery: Progress and Challenges. J. Drug Deliv. Sci. Technol. 
2014; 24: 245-250. https://doi.org/10.1016/S1773-2247(14)50041-X.

11.  Foldvari M, Babiuk S, Badea I. DNA delivery for vaccination and therapeutics through 
the skin. Curr Drug Deliv. 2006; 3(1): 17-28. https://doi.org/10.2174/156720106775 
197493.

12.  Cleary GW, Lange RS, Wise DL. Medical application of controlled release, CRC Press, 
Boca Raton, Florida, 1984; Vol I, 203-45.

13.  Paudel KS, Milewski M, Swadley CL, Brogden NK, Ghosh P, Stinchcomb AL. Challenges 
and opportunities in dermal/transdermal delivery. Ther Deliv. 2010;1(1):109-31. http 
s://doi.org/10.4155/tde.10.16.

14.  Lal R, Kumar Marwaha R, Pandita D, and Dureja H. Formulation and optimization of 
5-fluorouracil loaded chitosan nanoparticles employing central composite design. 
Drug Delivery Letters 2012;2(4):281–289.

15.  Rohilla S, Awasthi R, Rohilla A, Singh SK, Chellappan DK, Dua K, et al. Optimizing 
gefitinib nanoliposomes by Box-Behnken design and coating with chitosan: A 
sequential approach for enhanced drug delivery: Optimizing gefitinib nanoliposomes 
by Box-Behnken design and coating with chitosan. ADMET and DMPK (2024).https://
doi.org/10.5599/admet.2366.

16.  Dhoranwala KA, Shah P, Shah S. 2015. Formulation Optimization of Rosuvastatin 
Calcium-Loaded Solid Lipid Nanoparticles by 32 Full-Factorial Design. NanoWorld 
J1(4):112-12.

17.  Bezalel S, Mahlab-Guri K, Asher I, Werner B, Sthoeger ZM. Angiotensin-converting 
enzyme inhibitor-induced angioedema. Am J Med. 2015; 128(2): 120-125.

18.  Regulski M, Regulska K, Stanisz BJ, Murias M, Gieremek P, Wzgarda A, Niznik B. 
Chemistry and pharmacology of Angiotensin-converting enzyme inhibitors. Curr 
Pharm Des. 2015; 21(13): 1764-75.

19.  Mamatha T, Venkateswara Rao J, Mukkanti K, Ramesh G. Development of matrix type 
transdermal patches of lercanidipine hydrochloride: physicochemical and invitro 
characterization. Daru. 2010; 18(1): 9-16.

20.  Latif MS, Azad AK, Nawaz A, Rashid SA, Rahman MH, Al Omar SY, et al. Ethyl Cellulose 
and Hydroxypropyl Methyl Cellulose Blended Methotrexate-Loaded Transdermal 
Patches: In vitro and Ex Vivo. Polymers (Basel). 2021;13(20):3455. https://doi.org/10. 
3390/polym13203455.

21.  Behera AK, BarikB.B, Snehal Joshi S, Shah S. Formulation and evaluation of Rifampicin 
loaded poly-ε-caprolactone nano-particlesusing32factorial design. Int.J. Res. Pharm. 
Sci., 2012;3(2):340-347.

22.  Rohilla S, Awasthi R, Rohilla A, Singh SK, Chellappan DK, Dua K, et al. Optimizing 
gefitinib nanoliposomes by Box-Behnken design and coating with chitosan: A 
sequential approach for enhanced drug delivery: Optimizing gefitinib nanoliposomes 
by Box-Behnken design and coating with chitosan. ADMET and DMPK (2024).https://
doi.org/10.5599/admet.2366.

23.  Rohilla S, Awasthi R, Mehta M, Chellappan DK, Gupta G, Gulati M, et al. Preparation 
and Evaluation of Gefitinib Containing Nanoliposomal Formulation for Lung Cancer 
Therapy. BioNanoScience 2022;12:241-255. https://doi.org/10.1007/s12668-022- 
00938-6.

24.  Cherukuri S, Batchu UR, Mandava K, Cherukuri V, Ganapuram KR. Formulation and 
evaluation of transdermal drug delivery of topiramate. Int J Pharm Investig. 2017; 
7(1): 10-17. https://doi.org/10.4103/jphi.JPHI_35_16.

25.  Sathyapriya LS, Jayaprakash S, Prabhu RS, Abirami A, Subramanian K, Nagarajan 
M et al, . ―An approach to the formulation and evaluation of transdermal DDS of 
isoxsuprine HCL. Int J Pharm Sci Tech. 2008; 1(1); 22-28.

26.  Udupa N, Koteshwar KB, Kumar V. Formulation and evaluation of Captopril 
Transdermal Preparation. Indian Drugs. 2011; 29(15): 680-850

27.  Tan HS, Pfister WR. Pressure-sensitive adhesives for transdermal drug delivery systems. 
Pharm Sci Technol Today. 1999; 2(2):60-69. https://doi.org/10.1016/s1461-5347 
(99)00119-4.

28.  Mukherjee B, Mahapatra S, Gupta R, Patra B, Tiwari A, Arora P. A comparison between 
povidone-ethylcellulose and povidone-eudragit transdermal dexamethasone 
matrix patches based on in vitro skin permeation. Eur J Pharm Biopharm. 2005; 59(3): 
475-83. https://doi.org/10.1016/j.ejpb.2004.09.009.

29.  Mutalik S, Udupa N. Formulation development, in vitro and in vivo evaluation of 
membrane controlled transdermal systems of glibenclamide. J Pharm Pharm Sci. 
2005 Jan 21; 8(1): 26-38.

30.  Mangano F, Raspanti M, Maghaireh H, Mangano C. Scanning Electron Microscope 
(SEM) Evaluation of the Interface between a Nanostructured Calcium-Incorporated 
Dental Implant Surface and the Human Bone. Materials (Basel). 2017;10(12):1438. ht 
tps://doi.org/10.3390/ma10121438.



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 3, Jul-Sep, 2026998

Rani, et al.: Optimization of Lisinopril Loaded Transdermal Patches

31.  Aktar B, Erdal MS, Sagirli O, Gungor S, Ozsoy Y. Optimization of Biopolymer Based 
Transdermal Films of Metoclopramide as an Alternative Delivery Approach. Polymers. 
2014;6(5):1350-1365. https://doi.org/10.3390/polym6051350.

32.  Lachman Leon, Lieberman Herbert A. Kanig Joseph L. The theory and practice of 
industrial pharmacy, Varghese publishing house; Bombay, second edition 1996; 
171-196.

33.  Pereira RO, Pelisson E Silva TCC, de Oliveira Ferreira A, Brandao MAF, Raposo NRB, 
Polonini HC. Ex vivo Skin Permeation Evaluation of An Innovative Transdermal 
Vehicle Using Nimesulide and Piroxicam as Model Drugs. Curr Drug Deliv. 2017; 
14(4):516-520. doi: 10.2174/1567201813666160824142013.

34.  Jankovic A, Chaudhary G, Goia F. Designing the design of experiments (DOE) – An 
investigation on the influence of different factorial designs on the characterization 
of complex systems, Energy and Buildings 2021; 250:111298. https://doi.org/10.101 
6/j.enbuild.2021.111298.

35.  Leyva-Jiménez FJ, Fernandez-Ochoa A, Cádiz-Gurrea ML, Lozano-Sanchez J, 
Oliver-Simancas R, Alañón ME, Castangia I, et al. Application of Response Surface 
Methodologies to Optimize High-Added Value Products Developments: Cosmetic 
Formulations as an Example. Antioxidants (Basel). 2022; 11(8): 1552. https://doi.org/ 
10.3390/antiox11081552.

36.  Kamaraj N, Rajaguru PY, Issac PK, Sundaresan S. Fabrication, characterization, 
in vitro drug release and glucose uptake activity of 14-deoxy, 11, 
12-didehydroandrographolide loaded polycaprolactone nanoparticles. Asian J 
Pharm Sci. 2017;12(4):353-362. https://doi.org/10.1016/j.ajps.2017.02.003.

37.  Cherukuri S, Batchu UR, Mandava K, Cherukuri V, Ganapuram KR. Formulation and 
evaluation of transdermal drug delivery of topiramate. Int J Pharm Investig. 2017; 
7(1): 10-17. https://doi.org/10.4103/jphi.JPHI_35_16.

38.  Neupane R, Boddu SHS, Renukuntla J, Babu RJ, Tiwari AK. Alternatives to Biological 
Skin in Permeation Studies: Current Trends and Possibilities. Pharmaceutics. 

2020;12(2):152. https://doi.org/10.3390/pharmaceutics12020152.

Cite this article: Rani M, Rohilla S, Sharma S, Chadda T. Optimization and Characterization of Lisinopril Loaded Transdermal Patches by Using Factorial Design. 
Indian J of Pharmaceutical Education and Research. 2026;60(3):985-98.


