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ABSTRACT 

Objective: The present research is aimed to design and optimize a liposomal gel formulation of salicylic acid (SA) for enhanced drug permeation, 
higher skin drug retention, sustained release drug delivery and reduced side effects in the effective treatment of foot corn. 

Methods: Formulation designing and optimization of SA-loaded liposomes was done by box-Behnken experimental design using the three-factor, 
three-level approach. Phospholipid content, cholesterol content and drug content were selected as independent variables; while the critical quality 
attributes (CQAs) of liposomal formulation like particle size, PDI, zeta potential, entrapment efficiency and cumulative % drug release were 
considered as response variables. The SA-loaded liposomes were prepared by ethanol injection method and were characterized for desired CQAs. 
Finally, topical gel formulation of SA-loaded liposomes was developed and evaluated for drug content, homogeneity, spreadability, in vitro drug 
release, drug release kinetics, ex-vivo drug permeation and skin retention properties.  

Results: The particle size, PDI, zeta potential, entrapment efficiency and cumulative % drug release of SA-loaded liposomes was found to be 261.2 nm, 
0.28, 0.7 mV, 57.53% and 99.57%, respectively. Developed topical gel formulation of SA-loaded liposomes exhibited a sustained drug release profile 
(64.48% cumulative release over 360 min) following Higuchi model kinetics. The developed formulation showed almost 2-fold enhanced drug 
permeation (i.e., 26.50%) and more than 2-fold higher drug retention (i.e., 10.90%) on porcine ear skin as compared to the plain salicylic acid gel.  

Conclusion: The SA-loaded liposomes and developed topical gel formulation possessed all desired CQAs. The in vitro drug release kinetics, ex-vivo 
drug permeation and skin retention studies confirmed the suitability of the developed formulation for topical application in the effective treatment 
of foot corn. 
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INTRODUCTION 

Foot corn is a widespread skin condition that affects many 
individuals, causing pain and difficulty in walking. It is a small patch 
of thick, dead skin that develops on the toes, usually as a result of 
pressure or friction [1]. The center of a corn is a dry, hard papule 
and typically flesh-colored above the bony prominence generally 
caused by an overgrowth of keratin, leading to thickening of the skin 
[2, 3]. Though the topical route of drug administration is an 
appropriate and targeted approach for treating foot corns but the 
presently available conventional formulations like creams, gels and 
ointments does not deliver the drug effectively across the desired 
layers of the skin. There are various types of drug substances 
presently used in the treatments of foot corn, including topical 
keratolytic agents, such as salicylic acid, hydrocolloid dressings, 
silver nitrate and urea. Amongst all these, salicylic acid (SA) is 
considered as the finest medication to treat foot corn as it helps to 
exfoliate and remove the outer layer of the skin. However, it may 
cause skin irritation, dryness, burning sensations and may also lead 
to salicylate poisoning if used in high amounts or applied to large 
areas of skin [4]. On the other hand, poor drug penetration limits its 
effectiveness when applied in small doses. So, the development of a 
suitable and effective drug delivery system is remained a challenge 
which can provide the desired therapeutic efficacy in minimal dose 
administration. 

Liposomes are extensively studied and reported for their ability to 
carry drugs even through barrier. It can efficiently administer drug 
within skin and are designed to improve the delivery of drugs to the 
skin by encapsulating the active ingredient and protecting it from 
degradation [5, 6]. Liposomes are biodegradable phospholipid 
vesicles and have been reported to enhance drug permeation, 
provide sustained drug release, increase skin drug retention and 
have the flexibility to deliver both hydrophilic and lipophilic drugs 
[7]. The lipid bilayer also helps to improve the drug permeation 

through the skin and gradually break down and releases the active 
ingredients, improving the drug delivery into the skin and to target 
specific cells or tissues [8, 9]. 

Encapsulating the salicylic acid in liposomes can minimize exposure 
to the high amount of free salicylic acid, potentially controlling its 
irritant properties while enhancing drug penetration and sustained 
release resulting into less frequent drug application. Further, the 
liposomal dispersions, when applied topically, may have short 
retention on the site of application; thus, its final development as 
topical gel/semisolid formulation may be advantageous [10]. 
Liposomal gels have been shown to enhance skin retention, deliver 
higher and prolonged topical drug concentrations without 
increasing systemic absorption [10, 11]. Integrating liposomes into a 
gel matrix can also enhance their stability and boost percutaneous 
drug penetration [12]. 

For optimal benefits of liposomal drug delivery systems in topical 
applications, it is crucial to precisely control their key characteristics 
during formulation development, including particle size, 
polydispersity index, zeta potential, drug entrapment efficiency and 
release rate. Optimum control of these critical attributes can 
maximize the effectiveness of the liposomal delivery system, leading 
to improved treatment outcomes. The optimization of drug-loaded 
liposomes involves the selection of an appropriate method of 
preparation, type of phospholipid and its concentration, as well as 
cholesterol and drug concentration, solvent system and other 
process parameters. The optimization aimed to enhance the 
characteristics of the drug-loaded liposomes. Therefore, the 
objective of the present research work is to design and optimize 
salicylic acid-loaded liposomal gel formulation for enhanced drug 
permeation and skin retention, decreased side effects and reduced 
dosing frequency overcoming the limitations of conventional topical 
dosage forms in the effective treatment of foot corns with better 
patient compliance. The liposomes were prepared by ethanol 
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injection method using soy phosphatidylcholine and formulation 
optimization was done by box-Behnken experimental design, 
selecting phospholipid content, cholesterol content and drug content 
as independent variables and particle size, PDI, zeta potential, 
entrapment efficiency and cumulative % drug release at different 
time intervals as response variables. The developed SA-loaded 
liposomes and topical gel were characterized for desired critical 
quality attributes, in vitro drug release kinetics, ex-vivo drug 
permeability and skin retention studies. 

MATERIALS AND METHODS  

Materials 

Salicylic acid (SA) was purchased from M/s. Sigma Aldrich (India). 
Soy phosphatidylcholine was procured as gift sample from M/s. 
Amilife (Mumbai, India) and cholesterol was purchased from M/s. 
Sigma–Aldrich (Bangalore, India). All other chemicals and reagents 
used were of analytical grade. 

Methods  

Preparation of salicylic acid (SA) loaded liposomes 

Liposomes were prepared by ethanol injection method as 
schematically shown in fig. 1. Accurately weighed amounts of 
phospholipid (soy phosphatidylcholine), cholesterol and salicylic 
acid were dissolved in absolute ethanol and the resultant solution 
was injected dropwise in a preheated aqueous phase, i.e., pH 6.8 
phosphate buffer and polyethylene glycol 200 (4:1 volume ratio). 
The mixture was stirred and maintained at 50-55 °C temperature for 
120 min duration using a hot plate magnetic stirrer. The resulting 
liposomal dispersion so obtained was left overnight at 4°C for 
maturation. 

Optimization of SA loaded liposomes by the design of 
experiment approach 

The computer-aided optimization of SA-loaded liposomes was done 
by Design Expert trial version software (Stat-Ease Inc., Minneapolis, 
MN) using Box-Behnken experimental design taking a three-factor, 
three-level approach [13]. The independent variables in the 
experimental design were phospholipid content (mg), cholesterol 
content (% of lipid content) and drug content (mg/ml). The desired 
critical quality attributes, i.e., particle size, PDI, zeta potential, 
entrapment efficiency and cumulative % drug release at 15 min, 30 
min, 60 min, 120 min, 240 min and 360 min were selected as 
response variables. The variables and their levels are depicted in 
table 1. The 15 runs (formulation trials) suggested by the Box-
Behnken design were prepared and characterized for response 
variables. The observation are recorded in table 2. A 3D response 
surface plot was also generated to show how the independent and 
dependent variables interacted. ANOVA test (p-value<0.05) was 
used to determine the significance of the factors on the responses 
and the model. Correlation coefficients (R2) and adjusted R2 were 
used to assess the model's adequacy [14]. The statistical data are 
shown in table 3. 

The polynomial equation generated by this experimental design is 
given as, 

R = β0+β1 A+β₂ B+β 3 C+β12 AB+β13 AC+β23 BC+β11 A2+β22 B2+β33 C2 

In this scenario, A, B and C are the coded levels of independent variables; 
R is the response variable, β0 is the constant, β1, β2 and β3 are the linear 
coefficients calculated from the observed experimental values of R. The 
interaction coefficients are represented by β12, β13 and β23 and the 
quadratic coefficients are represented by β11, β22 and β33 [15, 16]. 

 

 

Fig. 1: Schematic diagram of the ethanol injection method 

 

Table 1: Independent and response variables in box-behnken experimental design 

Independent variables Units Levels 
Low Medium High 

A: Phospholipid mg 200 350 500 
B: Cholesterol % 0 10 20 
C: Drug mg/ml 10 15 20 
Response variables Units Constraints 
R1: Particle size Nm Minimize 
R2: PDI  Minimize 
R3: Zeta potential mV Maximize 
R4: Entrapment efficiency % Maximize 
R5: Cumulative % drug release at 15 min % Maximize 
R6: Cumulative % drug release at 30 min % Maximize 
R7: Cumulative % drug release at 60 min % Maximize 
R8: Cumulative % drug release at 120 min % Maximize 
R9: Cumulative % drug release at 240 min % Maximize 
R10: Cumulative % drug release at 360 min % Maximize 
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Characterization of SA-loaded liposomes 

Particle size and polydispersity index 

The particle size of liposomes affects their ability to penetrate the 
skin barrier and smaller liposomes generally exhibits better 
penetration. PDI is a measure of the size distribution of the 
liposomes and a low PDI (narrow size distribution) is desirable for 
more consistent skin permeation. The particle size distribution and 
polydispersity index of SA-loaded liposomes were determined by a 
particle size analyzer (Horiba Scientific SZ-100) using dynamic light 
scattering technique [17]. The samples were diluted in purified 
water and measured at 25 °C. The size distribution of the particles 
was calculated from the diffraction pattern and shown as a particle 
size distribution curve. 

Zeta potential 

Zeta potential is a measure of the surface charge of particles 
suspended in a liquid medium which influences their interaction 
with the skin. The zeta potential was determined using the zeta sizer 

(Horiba Scientific SZ-100) by measuring the particle electrophoretic 
mobility [18].  

Entrapment efficiency 

The entrapment efficiency (% EE) of SA-loaded liposomes were 
determined by the centrifugal ultrafiltration method [19]. The 
liposomal formulation was transferred to Amicon® Ultra-0.5 
centrifugal filters (Millipore Inc.) of 100 kDa molecular weight cutoff 
and centrifuged at 10000 rpm for 30 min to separate the free drug 
from the entrapped drug in liposomes as shown in fig. 2. The 
entrapped drug in the form of SA-loaded liposomes remained on the 
surface of the filter membrane at upper tube and the free drug 
present is in filtrate collected into the bottom tube of the unit. The 
filtrate was suitably diluted with ethanol and analyzed 
spectrophotometrically on a double-beam UV-visible 
spectrophotometer (Shimadzu® 1700) at 296 nm to estimate the 
amount of unentrapped drug. The amount of entrapped drug was 
calculated by subtracting the amount of unentrapped drug from the 
total drug taken.  

Drug entrapment efficiency = Total amount of drug added−Amount of free drug
Total amount of drug added

 X 100

 

 

Fig. 2: Schematics of centrifugal ultrafiltration method 

 

In vitro drug release study 

The in vitro drug release characteristic of SA-loaded liposomes was 
studied by dialysis method [20] using 12-14 kDa MWCO dialysis 
membrane-70 (HiMedia) as schematically represented in fig. 3. A 
treated dialysis bag (5 cm length) was filled with 1 ml of liposomal 
dispersion and placed into phosphate buffer pH 5.5 maintained at 
37±0.5 °C and continuously stirred at 250 rpm. Samples were taken 
at regular intervals up to 360 min and replaced with fresh buffer. 
The samples were analyzed at 296 nm on a double-beam UV-Visible 
spectrophotometer (Shimadzu®1700). 

Preparation of optimized formulation of SA-loaded liposomes 

The software predicted an optimized SA-loaded liposomes taking 
261.04 mg of phospholipid content, 0 % of cholesterol content and 
17.59 mg/ml of drug content of (as shown in table 4) having the 
highest desirability value of 0.860. The predicted optimized 
formulation of SA-loaded liposomes were prepared according to the 
composition recommended by the software and evaluated for each 
response variable to verify the reliability of the software-predicted 
optimized formulation. Comparing the theoretically 
predicted response values with the experimentally observed 
response values of optimized SA-loaded liposomes, the relative error 
(%) was determined; which is shown in table 4. 

Drug content of optimized SA-loaded liposomes 

The drug content of SA-loaded liposomes was evaluated by lysis of 
the liposome. One ml of the collected liposome concentrate was 

lysed with absolute ethanol and further dilution was made up with 
phosphate buffer pH 6.8. The total amount of drug entrapped in 
liposome concentrate was then estimated using a UV-visible 
spectrophotometer (Shimadzu® 1700). 

Drug content = Total amount of drug estimated (mg)
Total volume of sample (ml)

 

Differential scanning calorimetry 

Differential scanning calorimetry (DSC) is a technique that is used to 
measure the thermal properties of materials, such as their melting 
point, heat capacity and enthalpy. DSC studies are carried out to 
study the thermal stability of drugs and drug formulations, as well as 
the interactions between drugs and excipients [21, 22]. The thermal 
property of optimized SA-loaded liposome, salicylic acid, cholesterol 
and the physical mixture was studied using a differential scanning 
calorimeter (DSC-6000 Perkin Elmer). Approximately 3 mg of 
salicylic acid drug sample was placed in sealed aluminum pans and 
heated from 50 to 300 °C in a dry nitrogen atmosphere at a heating 
rate of 20 °C/min [23]. The DSC thermogram was recorded which 
showed thermal transitions occurred in the samples during the 
heating process, such as melting or decomposition [24]. 

Formulation of SA-loaded liposomal gel 

The topical gel formulation of an optimized batch of SA-loaded 
liposomes was developed using carbopol as gelling agent for the 
improvement of rheological properties and enhancement of drug 
retention within the skin layer [25]. The 2% w/w gel was prepared 
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by dissolving accurately weighed carbopol 934 in distilled water. 
Methylparaben (0.1%) and propylparaben (0.1%) were added to 
this and then the mixture was neutralized using triethanolamine. 
The optimized SA-loaded liposomes (equivalent to 2% salicylic acid) 
was then gradually added to the carbopol gel base with vigorous and 
continuous stirring [26]. Similarly, a plain (non-liposomal) gel 
formulation of salicylic acid was also prepared for comparative study. 

Evaluation of SA-loaded liposomal gel formulation 

Visual appearance and homogeneity  

The developed gel formulation was examined visually to assess its 
appearance and homogeneity. The clarity of formulation was also 
studied against white and black backgrounds [27]. 

Determination of pH  

pH of the SA-loaded liposomal gel was measured by a digital pH 
meter (Cyberscan 510). One gram of formulated gel was dissolved in 
100 ml of milli-Q water and left for one hour. Readings were taken 
three times with the electrode dipped in the gel solution and an 
average value was calculated [28]. 

Spreadability 

The spreadability of gel preparations is defined as the ability of the 
gel to be spread on the surface of the skin. Weighed amount of 0.5 g 
of gel sample was pressed between two slides and kept for 5 min 
where no further spreading was anticipated. The diameter of the 
spread circle was then measured in centimeters and used as a 
standard for spreadability [29, 30]. 

Drug content 

Drug content is a critical quality characteristic that must be closely 
monitored and controlled to guarantee the safety and effectiveness of the 
drug product. One gram of the formulated gel was dissolved in one 
hundred milliliters of ethanol. Aliquots of various concentrations were 
created using the proper dilutions and then analyzed at 296 nm using a 
double-beam UV-Visible spectrophotometer (Shimadzu® 1700) [31]. 

In vitro drug release study and kinetics model fitting 

The in vitro drug release profile of SA loaded liposomes was studied 
by dialysis method [20] using 12-14 kDa MWCO dialysis membrane-
70 (HiMedia). A treated dialysis bag (5 cm length) was filled with 1 
ml of liposomal gel and placed into phosphate buffer pH 5.5 
maintained at 37±0.5 °C and continuously stirred at 250 rpm. 
Samples were taken at regular intervals up to 360 min and replaced 
with fresh buffer. The samples were analyzed at 296 nm on a 
double-beam UV-Visible spectrophotometer (Shimadzu®1700). 

To study the rate and extent of drug release from a drug delivery 
system, the release kinetics of the drug was investigated. The in vitro 
drug release data of the optimized SA-loaded liposome formulation 
were plotted using various drug release kinetic models, including zero 
order, first order, Hixon-Crowel and Korsmeyer-Peppas. The R2 values 
of each equation were calculated and the best-fitting drug release 
kinetic model was selected based on the comparison of correlation 
coefficient (R2) values of different models [32-34]. The data of release 
kinetics and model fitting of SA-loaded liposomes was listed in table 5. 

Ex-vivo drug permeation study 

The ex-vivo drug permeation of the developed formulation across the 
freshly excised porcine skin was studied using franz diffusion 
apparatus. The porcine skin was procured from the nearby 
slaughterhouse. The effective permeability area and receptor cell 
volume for the permeation study were 2.53 cm2 and 15 ml, 
respectively. The receptor compartment was filled with 15 ml of 
phosphate buffer pH 5.5 and maintained at 37±0.5 °C using heating 
and circulating water bath [35]. SA-loaded liposomal gel and the 
salicylic acid plain gel was instilled on porcine skin placed on the 
donor compartment. The sample was withdrawn from the receptor 
compartment and replaced with an equal amount of fresh buffer to 
maintain sink condition. The drug concentration was determined at 
296 nm using a double-beam UV-visible spectrophotometer 
(Shimadzu®1700). The comparison of cumulative drug permeation vs. 
time graphs for an optimized liposomal gel formulation containing 
salicylic acid and a plain salicylic acid gel was plotted. The graphs were 
used to calculate the apparent permeability coefficient (Papp) and 
steady-state drug permeation flux (Jss). 

Skin retention study 

The drug retention on the skin layer was studied on the porcine skin 
tissue after the ex-vivo drug permeation study. The excess formulation 
was removed from the porcine skin using phosphate buffer pH 5.5 [35, 
36]. The amount of salicylic acid in the porcine skin was determined by 
soaking the skin in ethanol, vortexing for 15 min to extract the drug 
and leaving it undisturbed overnight [37]. The amount of salicylic acid 
in the ethanol was then measured at 296 nm using a double-beam UV-
visible spectrophotometer (Shimadzu® 1700). 

RESULTS AND DISCUSSION 

Formulation and optimization of SA loaded liposomes 

Various types of phospholipids were explored in preparation of the 
liposomal system and screened based on structural uniformity, 
solubility in ethanol and sedimentation rate for the development of 
liposomal formulation. Soy phosphatidylcholine was selected 
because of its good solubility in ethanol and the formation of small 
uniform vesicles. Cholesterol concentration was optimized based on 
vesicle uniformity and entrapment efficiency. Polyethylene glycol 
200 used in aqueous media serves as a cosolvent as well as a 
humectant, penetration enhancer and skin moisturizer [38]. The 
mixture of phosphate buffer pH 6.8 and polyethylene glycol 200 was 
used to improve the entrapment efficiency of the drug. 

The Box-Behnken design with three center points suggested a total of 
fifteen trial batches and the results were obtained from the response 
surface variables. Sequential comparison and the lack of fit tests were 
used to select the best models. A sum of squares, R–squared and p-value 
statistical analysis was used to evaluate the design. The three-
dimensional response surface plots constructed for each response 
variable (fig. 4-10) demonstrate the impact of changes to independent 
factors and their interactions on response variables. The influence of 
several independent parameters interacting at various levels as well as 
the correlation between each independent variable and the response 
variable were all independently assessed for every response variable of 
the liposomal formulation. 

 

 

Fig. 3: Schematic diagram of in vitro drug release study 
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Table 2: Observed response of the optimization batches of SA loaded liposomes suggested by box-behnken design 

Batch 
No. 

A:  
Phospholipid 
(mg) 

B:  
Cholesterol 
(%) 

C:  
Drug 
(mg/ml) 

R1: 
Particle 
size 
(nm) 

R2: 
PDI 

R3: 
Zeta 
potential 
(mV) 

R4: 
Entrapment 
efficiency 
(%) 

R5: 
CDR 
at 15 
min 
(%) 

R6: 
CDR 
at 30 
min 
(%) 

R7: 
CDR 
at 60 
min 
(%) 

R8: 
CDR 
at 120 
min 
(%) 

R9: 
CDR 
at 240 
min 
(%) 

R10: 
CDR 
at 360 
min 
(%) 

SAL1 500 10 20 382.9 0.635 -0.9 67.69 32.442 47.457 62.317 83.918 87.546 96.916 
SAL2 200 10 20 271.6 0.231 -0.8 64.76 33.758 51.973 71.818 88.210 93.892 94.181 
SAL3 350 0 20 268.3 0.181 0.4 69.49 33.171 53.476 75.412 96.349 97.167 97.483 
SAL4 500 10 10 425.2 0.731 -1.0 62.73 22.289 48.619 66.274 82.060 88.939 89.513 
SAL5 500 0 15 322.1 0.400 0.9 62.17 30.721 50.369 72.888 88.973 96.411 97.782 
SAL6 350 20 20 368 0.250 -0.6 58.48 24.950 44.581 69.303 74.390 86.022 96.677 
SAL7 350 10 15 243.1 0.589 0.1 71.67 38.800 53.161 74.540 89.240 93.768 94.133 
SAL8 350 0 10 267.7 0.649 0.8 47.15 19.200 51.190 66.427 75.196 84.713 98.088 
SAL9 200 10 10 281.9 0.294 -2.0 65.44 27.260 47.828 65.124 81.889 91.288 94.600 
SAL10 350 10 15 263.2 0.410 0.1 72.27 37.583 53.392 74.198 89.405 93.337 94.035 
SAL11 500 20 15 246.7 0.335 -0.9 67.62 29.911 48.816 70.840 90.628 96.502 99.504 
SAL12 200 20 15 248.3 0.191 -1.0 64.29 33.831 54.938 76.615 91.607 97.838 98.474 
SAL13 350 10 15 249 0.399 0.2 71.23 38.974 53.427 74.285 88.972 93.848 94.309 
SAL14 350 20 10 257.8 0.274 -0.3 68.97 32.844 47.913 61.642 78.679 85.117 88.433 
SAL15 200 0 15 221.6 0.379 0.6 41.61 35.394 56.355 83.750 92.453 97.048 98.370 

#CDR: Cumulative % drug release 
 

Effect of independent variables on particle size 

Design-expert software defined the correlation between particle size 
(R1) and different values of independent variables by the following 
quadratic model equation:  

R1= 251.77+44.19A+5.14B+7.28C-25.53AB-
8.00AC+27.40BC+28.93A2-21.02B2+59.70C2 

Where A is the amount of phospholipid, B is the amount of 
cholesterol and C is the amount of drug. The independent variable in 
the equation that has a positive sign before its coefficient value will 
have an increasing influence on the particle size; those that have a 
negative sign will have a decreasing effect. 

The particle size (R1) range of 15 optimization trial batches (SAL1–
SAL15) was from 221.6 nm to 452.2 nm (as recorded in table 2). The 
three-dimensional response surface plots in fig. 4 illustrate the 
influence of independent variables on the particle size of 
optimization trial batches. The results indicated that the liposome 

particle size significantly increases with an increase in the 
concentration of phospholipid and cholesterol whereas an increase 
in the drug concentration results in a slight increase in particle size. 
Increased phospholipid concentration exhibits a positive impact on 
particle size, which might be because of the increased internal 
viscosity of the lipid-solvent phase, which causes a slow diffusion 
rate of organic solvent to the external phase [39]. However, 
increasing cholesterol content, due to its known lipophilic character, 
would have increased the hydrophobicity of the phospholipid 
bilayer and may have induced rupture in the vesicular membrane, 
widening the radius of the vesicle and generating a more 
thermodynamic stable form [40]. Vigorous vortexing and short 
sonication stages result in the formation of smaller vesicles with a 
more uniform size distribution [41]. Furthermore, when cholesterol 
content increased, so did membrane stiffness and resistance to 
sonication, which results in larger vesicles [42]. As the drug salicylic 
acid is lipophilic, it will get entrapped in the liposomal bilayer and 
hence increase in drug amount will increase particle size. 

 

 

Fig. 4: 3-D response surface plot showing the effect of (a) phospholipid and cholesterol, (b) phospholipid and drug content on particle size 

 

Effect of independent variables on polydispersity index  

The following linear model equation was generated by the Design-
Expert software to define the correlation between PDI (R2) and 
different levels of independent variables:  

R2 = 0.3965+0.1257A-0.0699B-0.0814C 

The PDI (R2) range of 15 optimization trial batches (SAL1–SAL15) was 
from 0.181 to 0.731. Fig. 5 displays surface plots showing the influence 

of independent variables on the PDI value of optimization batches. The 
amount of phospholipid in SA-loaded liposomes had a significant 
impact on the PDI, but there was no significant effect on PDI value with 
varying drug content. Increasing the quantity of cholesterol in the 
phospholipid bilayer enhanced particle homogeneity (PDI). Liposomes 
containing more cholesterol had a low PDI (monodisperse), whereas 
those containing less or no cholesterol had a higher PDI (polydisperse) 
[43]. With the addition of more cholesterol, the distribution of 
liposome particle diameter was narrower [44]. 

                                               (a)                                (b) 

 
 



S. Chandwani et al. 
Int J App Pharm, Vol 15, Issue 3, 2023, 220-233 

225 

 

Fig. 5: 3-D response surface plot showing effect of (a) phospholipid and cholesterol, (b) phospholipid and drug content on PDI 

 

Effect of independent variables on zeta potential 

The following quadratic model equation was generated by the 
Design-Expert software as the correlation between zeta 
potential (R3) and different levels of independent variables:  

R3 = 0.1333+0.1625A-0.6875B+0.0750C-0.0500AB-
0.2750AC+0.0250BC-0.7417A2+0.5083B2-0.5667C2 

The range of zeta potential (R3) of 15 optimization trial batches 
(SAL1–SAL15) was from -2 to 0.9 mV. The three-dimensional 
response surface plots in fig. 6 depicted the influence of independent 

factors on zeta potential. The zeta potential of SA-loaded liposomes 
was observed to get increased with increasing phospholipid and 
drug content and decreased with increasing cholesterol content. As 
the phospholipid is cationic it results in the increased zeta potential 
of SA-loaded liposomes. As the drug salicylic acid is acidic, it will 
lower the pH of the formulation, which will result in an increased 
positive charge on the particle surface which will lead to increased 
zeta potential. Since the incorporation of cholesterol into the bilayer 
decreases the surface binding affinity between the cations in the 
buffer solution and the bilayer, that is why the zeta potential is 
slightly decreased by the increase in cholesterol content [45]. 

 

 

Fig. 6: 3-D response surface plot showing effect of (a) phospholipid and cholesterol (b) phospholipid and drug content on zeta potential 
 

 

Fig. 7: 3-D response surface plot showing effect (a) phospholipid and cholesterol (b) phospholipid and drug content on entrapment 
efficiency 

                                            (a)                                (b) 

 
 

                                            (a)                                (b) 
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Effect of independent variables on drug entrapment efficiency  

The following quadratic model equation was generated by Design-
Expert software to describe the correlation between drug 
entrapment efficiency (R4) and various levels of independent 
variables:  

R4 = 71.72+3.01A+4.87B+2.02C-4.31AB+1.41AC-8.21BC-4.33A2-
8.47B2-2.23C2 

The entrapment efficiency (R4) of 15 optimization trial batches 
ranged from 41.61 to 72.27%. Fig. 7 shows surface plots showing 
the influence of independent factors on drug entrapment 
efficiency. It was discovered that increasing the content of 
phospholipid and cholesterol increased the entrapment of SA 
loaded liposomes, whereas varying the amount of drug content 
had no noticeable effect on entrapment efficiency. Higher 
phospholipid concentrations improved the ability to encapsulate 
both hydrophilic and hydrophobic drugs because it causes an 
increase in the thickness of the lipidic liposomal membranes 
containing hydrophobic molecules [46]. As the level of 
cholesterol increases, bilayer hydrophobicity and stability 
increase while permeability decreases, resulting in the efficient 
trapping of hydrophobic drugs into bilayers as vesicles form, 
increasing entrapment efficiency [47]. 

Effect of independent variables on in vitro drug release  

The software determined the correlation of cumulative % drug 
release at 15 min (R5), 30 min (R6), 60 min (R7), 120 min (R8), 240 
min (R9) and 360 min (R10) with the various levels of independent 
variables using the quadratic model equations given below:  

R5 = 38.45-1.86A+0.3812B+2.84C+0.1883AB+0.9137AC-5.47BC-
2.30A2-3.69B2-7.22C2 

R6 = 53.33-1.98A-1.89B+0.2421C-0.0340AB-1.33AC-1.40BC-
0.5140A2-0.1932B2-3.84C2 

R7 = 74.34-3.12A-2.53B+2.45C+1.27AB-2.66AC-0.2860BC-
0.0427A2+1.73B2-7.92C2 

R8 = 83.21-1.07A-2.21B+3.13C+0.6253AB-1.12AC-6.36 BC+2.29A2-
0.5781B2-7.47C2 

R9 = 93.65-1.33A-1.23B+1.82C-0.1747AB-0.9992AC-
2.89BC+2.73A2+0.5686B2-5.96C2 

R10 = 94.16-0.2388A-
1.08B+1.83C+0.4045AB+1.96AC+2.210248BC+1.50A2+2.87B2-1.86C2 

The cumulative % drug release data (R5-R10) ranged from 19.2 to 
38.97% at 15 min and 88.43 to 99.50% at 360 min. Surface plots 
for the effect of independent variables on cumulative % drug 
release are shown in fig. 8 to 10, respectively. According to the 
equations, phospholipid and cholesterol content have a 
considerable negative influence on the cumulative % drug release 
rate. The rigidity and fluidity of the bilayer membrane are affected 
by the cholesterol level. Increasing the cholesterol content makes 
the liposome vesicles more tightly packed, which helps to prevent 
the release of the drug from the membrane [48]. Higher levels of 
phospholipids have a negative effect on drug release because they 
increase the stiffness of the vesicles and decrease the amount of 
drug that is released [49]. The drug concentration does not seem 
to have any noticeable effect on the amount of drug that is 
released. 

 

 

Fig. 8: 3-D response surface plot showing effect of (a) phospholipid and cholesterol, (b) cholesterol and drug content on cumulative % 
drug release at 30 min 

 

 

Fig. 9: 3-D response surface plot showing effect of (a) phospholipid and cholesterol, (b) cholesterol and drug content on cumulative % 
drug release at 120 min 
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Fig. 10: 3-D response surface plot showing effect of (a) phospholipid and cholesterol, (b) cholesterol and drug content on cumulative % 
drug release at 360 min 

 

Table 3: ANOVA summary of response variables of salicylic acid liposomal formulation 

Response variable Model Sequential p value Lack of fit p value Adjusted R2 value Predicted R2 value Remarks 
R1:  
Particle size 
 

Linear 0.2042 0.0288 0.1473 -0.3518 - 
2FI 0.6465 0.0234 0.0359 -1.5848 - 
Quadratic 0.1120 0.0355 0.4896 -1.8572 Suggested 
Cubic 0.0355 - 0.9697 - Aliased 

R2:  
PDI 

Linear 0.0472 0.3905 0.3639 0.0143 Suggested 
2FI 0.4992 0.3592 0.3390 -0.6556 - 
Quadratic 0.3830 0.3398 0.3970 -1.7295 - 
Cubic 0.3398 - 0.6354 - Aliased 

R3:  
Zeta potential 

Linear 0.0942 0.0055 0.2711 -0.1684 - 
2FI 0.9171 0.0039 0.0561 -1.6281 - 
Quadratic 0.0160 0.0133 0.7780 -0.2588 Suggested 
Cubic 0.0133 - 0.9951 - Aliased 

R4:  
Entrapment 
efficiency  

Linear 0.3028 0.0031 0.0736 -0.3814 - 
2FI 0.1725 0.0037 0.2943 -0.4015 - 
Quadratic 0.0656 0.0071 0.7021 -0.6954 Suggested 
Cubic 0.0071 - 0.9965 - Aliased 

R5:  
CDR at 15 min 

Linear 0.4756 0.0134 -0.0237 -0.4103 - 
2FI 0.3523 0.0131 0.0434 -0.5985 - 
Quadratic 0.0047 0.0728 0.8628 0.2492 Suggested 
Cubic 0.0728 - 0.9832 - Aliased 

R6:  
CDR at 30 min 

Linear 0.1201 0.0021 0.2348 -0.1714 - 
2FI 0.6787 0.0016 0.1203 -1.1889 - 
Quadratic 0.0764 0.0029 0.6040 -1.2588 Suggested 
Cubic 0.0029 - 0.9981 - Aliased 

R7:  
CDR at 60 min 

Linear 0.1692 0.0009 0.1797 -0.3140 - 
2FI 0.8056 0.0007 -0.0044 -1.7781 - 
Quadratic 0.0094 0.0028 0.8095 -0.0867 Suggested 
Cubic 0.0028 - 0.9991 - Aliased 

R8:  
CDR at 120 min 

Linear 0.4264 0.0009 0.0014 -0.6322 - 
2FI 0.2792 0.0010 0.1281 -1.4511 - 
Quadratic 0.0303 0.0026 0.7331 -0.5227 Suggested 
Cubic 0.0026 - 0.9989 - Aliased 

R9:  
CDR at 240 min 

Linear 0.5316 0.0027 -0.0505 -0.7473 - 
2FI 0.7116 0.0021 -0.2281 -2.6515 - 
Quadratic 0.0311 0.0055 0.6200 -1.1648 Suggested 
Cubic 0.0055 - 0.9965 - Aliased 

R10:  
CDR at 360 min 

Linear 0.3480 0.0016 0.0453 -0.5696 - 
2FI 0.3457 0.0016 0.1127 -1.5447 - 
Quadratic 0.0688 0.0029 0.6179 -1.1798 Suggested 
Cubic 0.0029 - 0.9982 - Aliased 

CDR: Cumulative % drug release 

 

Validation of optimized response parameters 

The software predicted an optimized formulation of SA-loaded 
liposomal dispersion with phospholipid content (Soy-PC) of 261.04 
mg, cholesterol content of 0 % and drug content of 17.59 mg/ml 

with a high desirability value of 0.860. Fig. 12 shows the 2D contour 
plot with maximum desirability, a 3D plot of the optimized 
formulation of SA-loaded liposomes. Fig. 13 shows the release 
profile of predicted and observed formulations of SA-loaded 
liposomal dispersions that were in close agreement with each other. 
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Fig. 11: In vitro drug release profile of SA loaded liposomes (SAL1 to SAL15) mean±SD; (n=3) 
 

 

Fig. 12: 2D-contour plot and 3-D response surface plot showing the maximum desirability of SA-loaded liposome 
 

Table 4: Software predicted and experimentally observed data of optimized SA-loaded liposomes 

Optimized formulation composition Observed responses 
Ingredients Amount Evaluation 

parameter 
Software predicted 
value 

Experimentally observed  
value 

Relative 
error (%) 

A: Phospholipid content 261.04 mg Particle size 202.56 nm 261.20 nm 28.94 
B: Cholesterol content 0.00 % PDI 0.350 0.288 17.71 
C: Drug content 17.59 mg/ml Zeta potential 0.9 mV 0.7 mV 22.22 
  Entrapment efficiency 56.79% 57.53% 1.29 
  CDR at 15 min 36.87% 32.74% 11.20 
  CDR at 30 min 56.22% 53.88% 4.16 
  CDR at 60 min 81.29% 84.21% 3.59 
  CDR at 120 min 95.90% 93.32% 2.69 
  CDR at 240 min 98.24% 97.72% 0.52 
  CDR at 360 min 97.71% 99.57% 1.90 

#CDR: Cumulative % drug release 
 

 

Fig. 13: Comparison of (a) overlay plot of software predicted and experimentally observed in vitro drug release and (b) regression plot of 
software predicted vs. experimentally observed in vitro drug release of SA loaded liposomes 

                                               (a)                                (b) 
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Characteristics of SA-loaded liposomes 

Particle size and polydispersity index 

The particle size of liposomes varied from 221.60 to 425.20 nm in 
optimization trial batches, which was discovered to be ideal for skin 
distribution since the thickness of the stratum corneum is roughly 
10 µm, allowing liposomes to penetrate readily. The criteria for 
optimization for particle size was set to a minimum, which, based on 
statistical analysis, was predicted to be 202.564 nm in the optimized 
batch. The average particle size of the optimized formulation as 
measured experimentally, was found to be 261.20 nm, which was 
nearly the value that was expected and graphically represented in 
fig. 14. Particle size is an important factor affecting drug permeation 
across the skin, as the penetration of liposomes into the skin is 

highly size dependent. As per the reported studies, the observed 
particle size of SA-loaded liposome is within the acceptable range for 
skin permeation [50]. 

The polydispersity of the liposomal system is shown by the PDI 
value. When the PDI value is less than or equal to 0.3, the population 
of liposomes is homogenous [50]. The desired PDI constraint was set 
to a minimum. The PDI values varied from 0.181 to 0.731 as 
depicted in table 2. The optimized formulation software-predicted 
PDI was 0.350 and the PDI that was experimentally observed was 
0.288. The observed lower PDI value suggests that liposomes 
possess narrow particle size distribution having majority of vesicles 
falling within a nano-metric size range. The uniformity of size would 
have uniform drug permeation and retention in the targeted tissue. 

 

 

Fig. 14: Particle size distribution of optimized SA loaded liposomes 

 

Zeta potential 

The human skin/epithelium have a negative charge on its surface 
and the positively charged formulations provide intensive 
adsorption to the negatively charged corneocytes of the stratum 
corneum, the main barrier of the human epidermis, prolonging drug 
retention and increasing drug permeation. As a result, employing 
formulations that are positively charged to increase drug 
penetration is a promising approach [51, 52]. Liposomes must have 
inter-particle repulsive forces, which are represented by their zeta 
potential to prevent agglomeration. In 15 optimization trial batches, 
the zeta potential ranged from-2 to 0.9 mV, as indicated in table 2. In 
the optimized formulation, the required criteria for optimization of 
zeta potential was set to maximum. The zeta potential observed 
experimentally was 0.7 mV, while the software's projected zeta 
potential for the optimized formulation was 0.9 mV. 

Entrapment efficiency 

The ethanol injection method favours ethanol-soluble, hydrophobic 
drugs over hydrophilic ones. Adding PEG 200 as a cosolvent 
increased the solubility of salicylic acid and allowed for drug 
entrapment in both the lipid bilayer and the aqueous core of 
liposomes. The range of entrapment efficiency of the optimized trial 
batches was from 41.61 to 72.27% as indicated in table 2. The 
desired entrapment efficiency constraint was set to maximum, with 
a projected value of 56.79% for the optimized batch. The 
experimentally observed value was 57.53%, which was nearly the 
expected value. 

In vitro drug release study 

The cumulative % drug release of 15 optimization trial batch 
software designs varies from 19.20 to 38.97% at 15 min and 88.43 
to 99.50% at 360 min, indicating a sustained drug release profile of 
salicylic acid liposomal dispersion. The results of the experimental 
observations and the software predictions were in close agreement 
as depicted in table 4. The graph comparing the software's predicted 
and experimentally observed drug release profile (fig. 13) had a high 

degree of agreement, with a regression coefficient of 1.018 and a 
correlation coefficient of 0.996. This shows that the expected and 
observed values of drug release were very close. 

Drug content of optimized SA-loaded liposomes 

The drug content of the SA-loaded liposomes was estimated by 
lysing the liposomes with ethanol, diluting the lysate with phosphate 
buffer (pH 6.8) and estimating the total drug entrapment by UV-
visible spectrophotometer (Shimadzu®1700). Drug content of the 
optimized SA-loaded liposome formulation was calculated to be 23.5 
mg/ml. 

Differential scanning calorimetry 

The DSC thermogram (as shown in fig. 15) determines the thermal 
properties of drug and excipient interactions of a formulation. The 
differential scanning calorimetry (DSC) thermogram of salicylic acid 
showed an endothermic peak at 166.3 °C, which corresponds to the 
melting point of the drug. This endothermic peak confirms that the 
sample of salicylic acid is crystalline, as the crystalline substance 
exhibits sharp endothermic peak due to sudden breakdown of 
physical bonds [53, 54]. The DSC thermogram of cholesterol also 
showed an endothermic peak at 152.3 °C, which is characteristic of 
the compound which was found in agreement with previously 
reposted work [55]. The physical mixture of salicylic acid and the 
formulation excipient showed a weak endothermic peak at 166.31 
°C, which corresponds to the characteristic peak shown in pure 
salicylic acid. However, the DSC thermogram of SA-loaded liposomes 
did not show a peak corresponding to salicylic acid. This suggests 
that the drug was completely incorporated into the liposomal 
vesicles and transformed into an amorphous form. 

Evaluation of SA-loaded liposomal gel formulation 

Visual appearance and homogeneity 

The gel was found to be homogeneous, white colored/opaque, 
having a semi-solid texture and smooth appearance. It did not 
contain any gritty particles and was easily washable. 
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Fig. 15: DSC thermograms of salicylic acid, cholesterol, carbopol 934, SA loaded liposomes and physical mixture of drug with formulation 
excipients 

 

Determination of pH  

The pH of the developed SA loaded liposomal gel formulation was 
found to be in the range of 6.2–6.8, which suggests that the prepared 
gel formulation would be non-irritant to the skin.  

Spreadability 

The prepared gels were required to have adequate spreadability to 
ensure uniform and smooth application on the skin [28]. Upon 
application, the gels were observed to spread readily over the skin. 
The polymer used in the formulation affected spreadability, as it had 
characteristic physicochemical qualities that caused surface tension 
between the slide and the product [29]. The spreadability of the 
developed liposomal gel formulation was evaluated by measuring 
the diameter of 0.5 g of gel between horizontal plates after 1 minute. 
The diameter of the spread circles ranged from 4.6 cm to 5.3 cm, 
demonstrating good spreadability and the ability of the gel to reach a 
greater surface area of skin. 

Drug content 

The drug content of the optimized salicylic acid-loaded liposomal gel 
was found to be 91.80% when estimated quantitatively by UV-
spectrophotometry at 296 nm. This indicated that the drug was 
uniformly distributed in the carbopol gel and there was negligible 
loss during the formulation process. 

In vitro drug release study and kinetics model fitting 

The in vitro drug release of the developed SA loaded liposomal gel 
was carried out in phosphate buffer pH 5.5 and drug concentration 
was determined spectrophotometrically at 296 nm. At 15 min, the 
cumulative % drug release was 22.59% and at 360 min, it was 
64.48%. The results show that the formulated SA-loaded liposomal 
gel demonstrated sustained release pattern with an initial burst 
release within first 30 min. 

The drug release kinetics of the formulated SA-loaded liposomal gel 
was carried out by fitting the in–vitro drug release data into different 

models like zero order, first order, Higuchi, korsmeyer-peppas and 
hixon-crowel. Table 5 shows the obtained values of the kinetic 
constant (k) and regression coefficient (R2). The graphs of all models 
were shown in fig. 16. The best kinetic model was confirmed based 
on the highest regression coefficient (R2), which was obtained in the 
Higuchi model i.e., 0.9181. Hence, the formulated SA-loaded 
liposomal gel followed Higuchi’s release kinetic model. In the case of 
liposomal gels, the Higuchi model favours a gradual and sustained 
release of the drug after the initial burst release. This pattern is 
typically observed in liposomal gels because the liposomes act as a 
reservoir for the drug, slowly releasing it over time duration. It has 
been found that the bilayer composition and hydration levels affect 
the drug release from liposomal gels [56]. 

Ex–vivo drug permeation study 

Ex-vivo drug permeation studies were performed for SA loaded 
liposomal gel and salicylic acid plain gel across the porcine skin. It 
was observed that SA loaded liposomal gel showed 26.50% 
cumulative permeation as compared to 17.20% cumulative 
permeation in salicylic acid plain gel in 480 min and graphically 
shown in fig. 17. The findings of the drug permeation showed that 
the SA loaded liposomal gel had a higher steady state permeation 
flux through the skin (6.8 µg. cm-2. min-1) as compared to the plain 
salicylic acid gel (3.3 µg. cm-2. min-1) and exhibited two-fold higher 
permeation rate. This suggests that the liposomal gel may be more 
effective at delivering the drug to the skin [57]. Phospholipids have a 
high affinity to epidermal tissue and change the fluidity of cell 
membranes and enhance the percutaneous penetration of drugs [58, 
59]. The apparent permeability coefficient (Papp) of liposomal 
formulation (0.34 cm. min-1) was also found to be significantly 
higher as compared to plain salicylic acid gel (0.16 cm. min-1) 
resulting into 2-fold higher amount of drug permeated across the 
skin. The higher drug permeation of developed formulation may be 
attributed to the nano-metric particle size and low PDI of drug 
loaded liposomes as reported in earlier studies [50]. 

 

Table 5: Drug release data and kinetics model fitting of SA-loaded liposomal gel 

S. No. Kinetic models Equation K R2 

1. Zero-order Qo-Qt= k0t 0.1422 0.7106 
2. First order logQ = logQ0-kt/2.303 -0.0011 0.8293 
3. Higuchi Q0-Qt = kt1/2 3.2697 0.9181 
4. Korsmeyer-Peppas log (Q0–Qt) = log k+nlogt 0.689 0.8858 
5. Hixon–Crowel Q01/3-Qt1/3 = kt 0.0032 0.7923 

Qo = initial drug concentration, Qt = amount of drug remaining at a specific time, k = rate constant, t = time. 
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Fig. 16: Drug release kinetic model graphs of SA loaded liposomal gel formulation 

 

 

Fig. 17: Ex-vivo drug permeation profile of SA loaded liposomal gel vs plain gel (mean±SD); (n=3) 

 

Skin retention study 

The skin retention study is aimed to determine the amount of topical 
drug or topical formulation retained on the skin after application. 
Several factors, such as the size and charge of the liposomes, the 
viscosity of the gel and the properties of the skin, could affect the 
skin retention properties of a liposomal gel. The skin retention of 
salicylic acid-loaded liposomal gel was compared to that of salicylic 
acid plain gel. The study found that the liposomal gel resulted in 2-
fold higher drug retention in the skin (10.9%) as compared to the 
plain gel (5.3%). The results observed were found in agreement to 
the previously reported work [9]. 

CONCLUSION 

In the present work, the salicylic acid-loaded liposomal topical gel 
was successfully formulated and optimized by Box-Behnken 
experimental design and evaluated for all the desired response 
variables. The 3D surface plots and polynomial equations described 
the effect of independent variables on response variables. Based on 
the evaluation data and desired constraints of response variables the 
optimized formulation with the highest desirability was prepared 
and characterized for particle size, PDI, zeta potential, entrapment 
efficiency, cumulative % drug release, and drug content. The DSC 
thermogram of the formulation showed the absence of a salicylic 
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acid peak, confirming the entrapment of salicylic acid in the lipid 
bilayer. Developed topical gel of SA-loaded liposomes exhibited 
sustained drug release (64.48%) over 360 min following Higuchi 
drug release kinetic model. The ex-vivo drug permeation study 
showed 2-fold enhanced skin permeation (26.50%) in case of SA 
loaded liposomal gel as compared to the plain gel. The skin drug 
retention study showed 2-fold higher drug skin retention (10.9%) of 
SA-loaded liposomes as compared to plain gel (5.3%). Thus, the SA 
loaded liposomes and developed topical gel formulation possessed 
all desired CQAs. The in vitro drug release, ex-vivo drug permeation 
and skin retention studies confirmed the suitability of the developed 
formulation for topical application that can attribute to better 
patient compliance and make the formulation more effective in the 
treatment of foot corn. 
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