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Abstract
Aceclofenac (ACE) is a drug that was precisely devised to circumvent the shortcomings associated with diclofenac. However, 
ACE too corresponds to nonsteroidal anti-inflammatory drug (NSAID)-related adverse effects, but with a lower amplitude. 
The present investigation seeks to develop liposomes loaded with ACE adopting a central composite design (CCD) and 
formulate a chitosan-based hydrogel for synergistic anti-inflammatory efficacy and improved ACE dermal administration. 
On the basis of preliminary vesicle size, Poly Dispersity Index (PDI), and drug entrapment, the composition of lipid, cho-
lesterol, and vitamin E TPGS were chosen as independent variables. The formulation composition met the specifications 
for an optimum liposomal formulation, with total lipid concentration (13.5% w/w), cholesterol concentration (10% w/w), 
and surfactant concentration (2% w/w). With particle size and PDI of 174.22 ± 5.46 nm and 0.285 ± 0.01 respectively, the 
optimised formulation achieved an entrapment effectiveness of 92.08 ± 3.56%. Based on the CCD design, the optimised 
formulation Acec-Lipo opt was chosen and was subsequently transformed to a chitosan-based gel formulation for in vitro 
drug release, penetration through the skin, in vivo analgesic therapeutic activity, and skin irritation testing. % age oedema 
inhibition was found to be greatest with the Acec-Lipo opt gel formulation, followed by Acec gel. These results reinforce 
the notion that the inclusion of chitosan resulted in a synergistic effect despite the same strength of the drug. The findings 
suggested that Acec-Lipo incorporated in chitosan gel for skin targeting might be an effective formulation for topical ACE 
administration in clinical subjects.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the 
principal treatment for inflammation and discomfort caused 
by musculoskeletal diseases and injuries (e.g. ankylosing 
spondylitis, osteoarthritis). Despite the fact that NSAIDs 

have therapeutic efficacy when administered orally, numer-
ous individuals incur tolerance concerns, including GI dis-
comfort and significant cardiovascular and renal complica-
tions. To improve tolerance and safety, topical preparations 
have been considered to administer drugs Trans dermally 
directly beneath the tissue while lessening systemic expo-
sure [1]. ACE, a NSAID that has anti-inflammatory and 
antipyretic characteristics, is primarily employed for alle-
viating acute pain as well as a variety of anti-inflammatory 
disorders such as osteoarthritis and rheumatoid arthritis. Due 
to the significant first-pass metabolism, it has a short half-
life of 2–4 h. It fits into the Biopharmaceutics Classifica-
tion System (BCS)-II family of drugs and has poor aqueous 
solubility. ACE suppresses the fabrication of inflammatory 
cytokines such as tumour necrosis factor-α (TNF-α), pros-
taglandin E2 (PGE2), and interleukin-1beta (IL-1beta). It 
dampens PGE2 production by inhibiting COX-1 and COX-2, 
which subsequently transforms intracellularly to diclofenac 
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and 40-hydroxy aceclofenac [2]. Several researches have 
been conducted with the aim of overcoming the obstacles 
associated with gastric irritation and ulcers. ACE therapeu-
tic effectiveness and mitigating adverse effects have been 
observed to reduce with different formulations. As a conse-
quence, the pharmacokinetic and pharmacodynamic activi-
ties were significantly affected [3].

The key challenge with designing a viable topical 
NSAIDs formulation is that it should enable swift drug per-
meation through the stratum corneum. The skin’s primary 
protective barrier (outermost layer) is composed of distinct 
layers (10–20) of cornified cells encased within a hydropho-
bic lipid-protein matrix. Drug attributes (e.g. hydrophilic 
or hydrophobic, molecular weight), the use of permeation 
enhancers, and formulation properties encompassed all 
component attributes that govern the degree of drug per-
meation. Liposomal compositions have been developed 
as one way to improve topical absorption [4]. Liposomes 
being microscopic, spherical vesicles comprising a phos-
pholipid concentric layer (with one or more layers) facilitate 
drug transport across or into the skin. As they enclose one 
another, a lipid bilayer forms an aqueous core. These are 
designed to deliver drugs to the desired location due to their 
capacity to integrate hydrophobic and lyophobic molecules, 
biodegradability, compatibility, and improved solubility of 
the incorporated drug. To increase the rigidity of vesicles, 
enhance bilayer characteristics, and stabilise the vesicular 
membrane, cholesterol is added in liposomal preparation 
along with phospholipids. Liposomes have emerged as a 
viable drug delivery device for enhancing several drug pen-
etration flows through the biological membrane [5]. In the 
administration of drugs, vitamin E TPGS can be deployed as 
a solubiliser, enhancer of absorption and permeation, emul-
sifier, and surface stabiliser. This appears to be extensively 
employed to facilitate the manufacture of nanomedicines or 
other formulations for a variety of pharmaceuticals that are 
poorly water-soluble or permeable, notably those designated 
as BCS classes II and IV. As a surfactant, vitamin E TPGS 
demonstrates the exceptional potential to improve medica-
tion absorption across various biological barriers [6].

Chitosan is a feasible anti-inflammatory carrier for topi-
cal administration, and its incorporation in ACE-loaded 
liposomes is assumed to have a synergistic impact on the 
inflammatory region. Chitosan’s properties, such as nontox-
icity, biodegradability, biocompatibility, anti-inflammatory, 
antioxidant, anti-microbial, and gel-formation [7], validate 
chitosan as an ideal vehicle for topical drug delivery to 
demonstrate anti-inflammatory action and draw therapeutic 
mileage alongside ACE.

The belief of quality by design (QbD) has got a lot of 
attention as a technique in pharmaceutical production for pro-
ducing goods utilising a science and risk-based approach. 
The development of the formulation on the basis of design 

relies on QbD that leads to the best outcomes in terms of 
composition and other critical parameters [8]. The design 
of the experiment approach to optimisation provides a strat-
egy for developing an optimised formulation [9, 10]. Design 
space (DS) is an important tool for studying the manufactur-
ing process of liposomes since it is a fundamental component 
of the QbD concept. The DS is an operating zone where com-
binations of operational variables result in the required prod-
uct critical quality attributes (CQAs), according to process 
knowledge [11]. The current study was designed to evaluate 
the therapeutic potential of topical ACE-loaded liposomes 
(Acec-Lipo) based on CCD. Design Expert software was 
utilised for the optimisation process [12]. The optimised 
liposomal formulation incorporating ACE was developed 
using conventional thin film hydration method and as per 
the composition of ingredients given by the design Expert 
software. Further to provide a localised action, it was incor-
porated in the chitosan-based gel formulation. The synergis-
tic anti-inflammatory effect was expected from the same. 
Acec-Lipo opt gel was developed from the optimised formu-
lation Acec-Lipo opt and tested for gel characteristics, skin 
permeation, anti-inflammatory, and anti-nociceptive activity 
[13]. Till date, no carrier-based formulation of ACE in chi-
tosan gel has been reported for achieving better analgesic and 
anti-inflammatory effect on skin.

Thus, it was hypothesised to prepare carrier-based for-
mulations of ACE embedded in chitosan gel base for topical 
administration to impart a safe and sustained drug release 
profile, better bioavailability, and reduced skin irritation.

Material and methods

Materials

ACE and soy lecithin (30%) were obtained from Himedia 
Laboratories Pvt. Ltd., Mumbai, and SRL Laboratories, 
Mumbai, respectively. Chitosan (low molecular weight) 
was obtained from Himedia Laboratories Pvt. Ltd., Mum-
bai. Cholesterol was acquired from Loba Chemie, Mumbai. 
Vitamin E TPGS was obtained from Souvenier Chemical, 
Mumbai. Dialysis membrane was obtained from HiMedia 
Laboratories Pvt. Ltd., Mumbai. The remaining chemicals 
and reagents were of analytical reagent (AR) grade.

Methodology

The conventional thin film hydration approach was 
employed to develop a liposomal formulation of ACE. 
Weighed quantity of ACE, soy lecithin, extra pure choles-
terol, and vitamin E TPGS (biodegradable surfactant) were 
put in a round bottom flask (RBF), and an adequate amount 
of chloroform was poured in to amalgamate the components. 
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Following whirling the RBF for 30–40 min at 50 °C in the 
rotary evaporator’s water bath, a thin layer of the incorpo-
rated components accumulated inside the RBF. The spinning 
was done under a 400–500 mm Hg vacuum. After the thin 
film had dried, the hydrating medium (10% ethanolic solu-
tion with phosphate buffer saline pH 6.8) was introduced, 
and the deposited layer in RBF was rotated for 20 min to 
hydrate. Finally, a liquid vesicular preparation was devised 
and kept in the refrigerator for future usage [14].

Optimisation via CCD

CCD is one of the most suitable RSM designs, consisting 
of factorial and axial points as well as at least one point 
in the centre of the experimental region that gives quali-
ties such as orthogonality and rotatability for fitting quad-
ratic polynomials. These points are excellent for obtaining 
comprehensive information about reactions with the few-
est amount of studies. Further, CCD has been effectively 

employed in various studies for the fabrication and opti-
misation of formulations, and the data gathered with 
CCD indicated good and legit predictions [15]. A  33 CCD 
strategy was implemented to optimise the Acec-Lipo; the 
distinct dependent and independent parameters employed 
for the formulation [16] are illustrated in Table 1. Table 2 
depicts the dependent variables (low and high) for the 20 
experimental compositions. Emzploying the point predic-
tion approach, the optimised ACE liposomes (Acec-Lipo 
opt) were ultimately selected based on the highest entrap-
ment efficiency, minimal particle size, and ideal PDI value.

PDI and vesicle size

Implementing the diffraction light scattering approach, a 
zeta sizer (Beckman Coulter, Delsa Nano C, USA) was 
employed for assessing the PDI and vesicle size of the 
liposomes incorporating formulation. A helium laser had 
been employed as the light source with a detector angle 

Table 1  Central composite 
design relying aceclofenac 
liposomal formulations

Independent variables Low level (-) Mid level (0) High level (+)

A = Soy lecithin concentration (% w/w) 13.5 15.25 17
B = Cholesterol concentration (% w/w) 7 8.5 10
C = Vitamin E TPGS concentration (% w/w) 2 2.875 3.75

Table 2  Analysis of aceclofenac liposomes formulation with respect to dependent and independent variables

Code Independent variables Dependent variables

Soy lecithin 
concentration (% w/w)

Cholesterol 
concentration (% w/w)

Vitamin E TPGS 
concentration (% w/w)

Vesicle size (nm) PDI Entrapment 
efficiency  
(% EE)

R1 0 0 -1 206.4 0.301 65.5
R2 1  − 1  − 1 287.3 0.406 66.01
R3  − 1  + 1  − 1 192.8 0.226 88.7
R4 0 0 0 212.7 0.301 74.09
R5 0 0  + 1 223.1 0.388 67.23
R6  − 1  − 1  + 1 173.8 0.231 61.9
R7  + 1  − 1  + 1 202.6 0.267 75.97
R8  + 1  + 1  − 1 314.5 0.389 85.2
R9  − 1 0 0 223.87 0.207 76.92
R10 0 0 0 190.3 0.211 72.03
R11 0  + 1 0 219.8 0.347 91.54
R12  − 1  + 1  + 1 205.2 0.301 82.08
R13 0 0 0 177.9 0.221 74.77
R14 0 0 0 171.8 0.301 75.21
R15  + 1 0 0 325.4 0.426 80.61
R16  − 1  − 1  − 1 187.4 0.254 66.34
R17  + 1  + 1  + 1 318.5 0.395 87.21
R18 0  − 1 0 178.13 0.201 61.76
R19 0 0 0 188.53 0.264 73.89
R20 0 0 0 185.77 0.238 76.54
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of 90°, at a temperature of 25 ± 0.5 °C, and scattering was 
recorded. Particle size was determined after 100-fold dilu-
tion of the liposomal solution in phosphate buffer saline 
(PBS) pH 6.8. About 3 mL of diluted sample was put into 
a cuvette for the measurement of particle size and PDI, and 
no bubbles were present to ensure accurate readings [17].

Entrapment efficiency and drug content

The ultracentrifugation methodology was implemented 
for assessing the entrapment efficiency of an ACE liposo-
mal formulation. To extract free ACE from liposomes, the 
component was centrifuged for 25 min at 14,000 rpm in 
an “ultracentrifuge” (Remi Instruments, Mumbai, India). 
The drug concentration in each formulation was estimated 
adopting a UV spectrophotometer (Shimadzu, UV-1900i, 
Kyoto, Japan) after diluting the free ACE in the superna-
tant. The proportion of drug entrapment was estimated 
using the formula below [18]:

while the proportion of drug content was computed using 
the formula below:

Surface morphology

High-resolution transmission electron microscopy (JEM 
2100 plus, JOEL, Japan) with point resolution of 0.19 nm, an 
accelerating voltage of 80 to 300 kV, and magnification up 
to 1,500,000 was adopted to investigate the surface morphol-
ogy of the optimised ACE-loaded liposomes. The instru-
ment was configured to execute at 100 µA beam current 
and 200 kV accelerating voltage. The optimised liposomal 
preparation was diluted up to ten times with distilled water 
before being dried on a carbon-coated copper grid [14].

Differential scanning calorimetry (DSC) for thermal analysis

The DSC (Perkin Elmer 6000, MA, USA) scrutiny was 
implemented to investigate the dearth of prospective asso-
ciations among its components of the liposomal prepara-
tion and ACE. Thermal analysis of liposomal samples was 
employed to estimate the probabilities of an association 
among the ACE, phospholipid, cholesterol, and surfactant 
and to calculate the enthalpy along with melting point of 
the liposomal formulation. DSC analysis was conducted on 

(1)% EE =
Total drug added − Free drug

Total drug added
× 100

(2)Drug content =
Total drug added − Free drug

Total amount of liposome

a 5 mg sample put in an aluminium pan under a nitrogen 
flow rate of 60 mL/min and a heating rate of 5 °C/min 
from 20 to 400 °C. On the reference platform, an empty 
aluminium pan was placed [19].

Chitosan‑based hydrogel preparation

ACE chitosan hydrogel formulation was devised in two sec-
tions. The first phase was to develop and characterise ACE 
liposomal compositions. Chitosan hydrogel was fabricated 
and customised in the second stage. Finally, the optimised 
hydrogel system was blended with the Acec-Lipo opt to cre-
ate the final formulation.

To develop a gel base with proper quantities of low 
molecular weight chitosan, 2% w/v of chitosan was dis-
persed in 0.5% v/v glacial acetic acid. The gel dispersion was 
kept for 3–4 h to allow it to disperse properly followed by 
stirring for 3 h at room temperature using a mechanical stir-
rer set at 1500–2000 rpm. The inclusion of triethanolamine 
(about 200 µL) in the formulation assisted in raising the pH 
to 7 [20]. Methylparaben was dissolved in propylene glycol 
and mixed into the gel base. The gel was then homogenised 
using a homogeniser for 10 min at 500 rpm. Following this, 
the optimised liposomal formulation was mixed with a blank 
chitosan base to develop Acec-Lipo opt gel [21, 22].

pH and homogeneity

The optimised gel base was assessed on factors such as 
colour, clarity, and transparency. To determine purity, any 
particle contamination was examined. Various smears were 
made on glass slides, and exterior particles or grittiness 
were seen using a microscope. The pH of the optimised 
Acec-Lipo opt gel was assessed employing a digital pH 
metre (Mettler Tolledo, Japan). A particular amount of the 
optimised gel was put in a beaker and analysed for pH with 
the probe inserted [23].

Spreadability

The spreadability had been assessed implementing the gel’s 
slip and drag properties. A refined apparatus comprised of 
two glass slides, one with the bottom end hooked onto a 
wooden plate and the other end with a hook attached to a 
balance. The sample gel (1 g) was positioned between two 
glass slides, and the top plate was pressed. The alteration in 
spread diameter caused by spreading the gel by putting on 
weight was observed (n = 3). The spreadability was com-
puted using the formula below [24]:

(3)S = W ×
L

T
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where W specifies the amount of mass in the pan (g), ‘L’ 
refers to the set length traversed by the glass slide, ‘t’ the 
duration (s) required to entirely disintegrate the slides, and 
S represents the spreadability (g/s).

Texture profile analysis

The Acec-Lipo opt gel’s texture was evaluated employing 
numerous textural characteristics, including hardness/firm-
ness, and adhesiveness. To reduce early test triggering, the 
Acec-lipo opt gel formulation was placed in a female cone. 
Further, the testing interface remained as flat as feasible. 
The sample being analysed was placed in with caution to 
avert a build-up of air bubbles. The automated CT3 Texture 
Analyser (Brookfield Engineering Laboratories, USA) by 
TA15/100 and TA-BT-KIT was implemented to determine 
the texture profile [25] like adhesiveness, springiness, and 
hardness from the resulting load temperature curves.

In vitro drug release study

Loading the devised gel compositions and commercialised 
gel into immersion cells led to drug release study. The dialy-
sis membrane served as a barrier between the gel and the 
receptor fluid media, which entailed 150 mL of PBS (pH 
6.8) kept at 37 ± 0.5 °C and agitated at 50 rpm. During the 
trials, aliquots of 5 mL were amputated at 0.25-, 0.5-, 0.75-, 
1-, 2-, 4-, 6-, 8-, 12-, and 24-h intervals and replenished 
with an equivalent quantity of buffer. Each composition 
was tested for three times. Spectrophotometric analysis at 
274 nm was used to quantify the drug concentration in the 
aliquots [26, 27]. To analyse the release mechanism, the 
modified ACE gel drug release data has been applied to an 
array of kinetic models.

Permeation study

Excised goat skin was immersed for 24 h in immersion cells 
(2  cm2 surface area) for the permeation investigation. The 
hair was removed from the outermost layer of skin and put 
within the donor region of the diffusion cell and the receptor 
compartment, which consisted of 150 mL of PBS (pH 6.8) 
kept at 37 ± 0.5 °C and agitated at 50 rpm. Both Acec-Lipo 
opt gel and Acec Gel (control) were placed in the donor 
compartment. Aliquots (5 mL) were removed and replen-
ished with an equivalent quantity of fresh PBS (pH 6.8) at 
0.25-, 0.5-, 0.75-, 1-, 2-, 4-, 6-, 8-, 12-, and 24-h intervals 
[26, 27]. Spectrophotometric analysis at 274 nm was used to 
quantify the drug concentration in the aliquots.

In vivo study

The Institutional Animal Ethical Committee (IAEC), ISF 
College of Pharmacy, Moga, Punjab, approved the in vivo 
protocol (ISFCP/IAEC/CCSEA/03/2023/45), and their 
specifications were adhered to the terms and regulations 
provided by the Committee for the Control and Supervi-
sion of Experiments on Animals (CCSEA). While kept in 
regular laboratory settings, the animals (Wistar rats, male of 
2 months age) were fed a conventional laboratory diet and 
given unhindered access to water.

Carrageenan‑induced rat paw oedema

The effectiveness of modified liposomal compositions was 
investigated employing a rat paw oedema induced by car-
rageenan for its anti-inflammatory properties. A wistar rat 
(220–250 g, male) was adopted in this experiment. The 
animals were split into six animals consisting three groups 
(control, Acec gel, and Acec-Lipo opt gel). Animals were 
administered an injection sub-plantarly with 0.1 mL of 1.0% 
w/v carrageenan solution in saline into the right hind paw to 
provoke paw inflammation. The Acec gel and Acec-Lipo opt 
gel (0.5 g) were given topically to the paw, and plethysmom-
eter was implemented to analyse the paw volume before and 
after the injection of carrageenan at 0, 1, 2, 3, 4, 5, 6, and 
12 h, respectively [28]. The following equation was executed 
for estimating the percentage swelling of the paw:

where V is the paw volume following the carrageenan injec-
tion at varied time intervals, and V0 is the baseline paw 
volume at time zero. The percent inhibition of edema was 
illustrated by

where  PSf is the proportion of edema in the formulation-
treated group, while PSc is the proportion of edema in the 
control group.

Hot plate method (anti‑nociceptive behaviour)

The analgesic impact of the developed formulations was 
assessed via an Eddy hot plate. The test was conducted on 
a male Wistar rat weighing 150–250 g. The rats were split 
into three groups of six animals (control, Acec gel, and 
Acec-Lipo opt gel). The trial was started after applying the 
formulation (100 mg) to the paw of a rat every 15 min up to 
1 h. The cut-off for the basal reaction time was set to 10 s 

(4)Swelling =
V − Vo

V
× 100

(5)% Inhibition edema =
1 − PSf

PSc
× 100
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as per standard conduct. Each group’s response time was 
tested at different time intervals (0, 30, 60, 90, and 120 min). 
The following equation was used to calculate the percent 
analgesic effect [29]:

Skin irritation studies

According to OECD guidelines 402, the study was con-
ducted to establish the effect of optimised formulation on 
animals after repeated treatment in comparison to com-
mercial formulation for 28 days. Each set of six animals 
was divided into three groups: control, commercial, and 
optimised formulation. The induction of the erythema and 
edema was evaluated as per the Draize skin irritation score 
system: 0, no erythema; 1, barely perceptible erythema; 2, 
well-defined erythema; 3, moderate erythema; and 4, well-
defined erythema at intervals of 24, 48, and 72 h [30]. The 
animals in each group were weighed on the day of the exper-
iment, and the gel was administered topically for 28 days on 
a regular basis. The skin was evaluated for redness, inflam-
mation, or irritation after physical examination [31].

Statistical analysis

The mean standard deviation (SD) of the derived values is 
provided for each data set. The data was statistically evalu-
ated using ANOVA, followed by Dunnett’s post-test in 
Graph Pad Prism 7. A p < 0.05 value was considered statis-
tically significant.

Results and discussion

A dermal formulation of ACE was aimed with the inclusion in 
the chitosan-based gel to exhibit synergistic anti-inflammatory  
action. QbD approach was engaged for finding the best com-
bination of drug along with excipients in order to develop 
liposomes. The selection of the best formulation was based 
on low PDI, required zeta potential, and ideal nanometric size 
range of the vesicles. Thereafter, the optimised liposomal for-
mulation of ACE was further included in chitosan-based gel 
for suitable dermal delivery. The developed formulation was 
equivalent to its commercial counterpart in terms of ACE 
strength. The total duration of the study for its development 
and complete evaluation was around 12 months.

Fabrication and optimisation of ACE‑loaded liposomes

Design expert software was used to successfully prepare 
and optimise liposomes. The response surface approach 

(6)
Percent analgesic effect =

Observed reaction time − Basal reaction time

Cut off period − Basal reaction time
× 100

was used in conjunction with the CCD. As stated in 
Table 1, the concentration ranges of soy lecithin, choles-
terol, and vitamin E TPGS were chosen to be 13.5–17% 
w/v, 7–10% w/v, and 2–3.75% w/v, respectively. The 
dependent variables including PDI, vesicular size, and 
entrapment efficiency impacted by the independent factors 
were assessed by implementing an aggregate of 20 prepa-
ration units, as shown in Table 2. All tests were performed 
in triplicate. Following the analysis of responses, depend-
ent and independent variable constraints were established 
in order to assemble a design space. The design has been 
verified by repeating the most desirable solution and com-
paring the expected and obtained values for the depend-
ent variables. It was observed that the most desirable out-
come with ideal nanometric size range (192.8 nm), low 
PDI (0.226), and entrapment efficiency of 88.7% when 
repeated for reproducibility, there was marginal or insig-
nificant variation in the dependent variables. After the 
limitations and priority for the dependent and independent 
variables were determined, the software created the over-
lay plot. A yellow zone was envisioned in order to convey 
the design space’s robust element where solutions might 
be consistently anticipated. A highly desirable arrange-
ment in the overlay plot’s robust area was selected in order 
to form an ideal formulation. The formulation was then 
fabricated and analysed for vesicular size and entrapment 
efficacy. This staged improved liposomes were employed 
in further characterisation and investigations.

Characterization of ACE‑loaded liposomes

Vesicle size

The vesicle sizes of all batches have been determined 
employing the Zetasize analyser as displayed in Table 2. 
The influence of formulation-related variables on vesicu-
lar size was investigated. ANOVA validated the quadratic 
model, and the F-value of 14.70 (p < 0.005) indicated 
that the model is significant. Lack of fit has a F-value of 
2.53, indicating that it was not significant. The correla-
tion among vesicular size and independent variables was 
described by the coded equation below:

Factors A and B had a favourable influence on vesicu-
lar size, whereas Factor C had a negative effect. Interaction 
terms (AB, BC) had a favourable effect on vesicular size, 
whereas AC observed a negative effect. Higher-order terms 
 (A2,  B2, and  C2) had a positive effect. The 3-D response 

Vesicular Size = + 171.89 + 39.06 A + 18.07 B − 3.84 C

+ 13.27 AB − 10.04 AC + 14.44 BC

+ 31.36 A2
+ 4.54 B2

+ 10.17 C2
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surface in Fig. 1A–C indicated the differences in vesicular 
size with A, B, and C. The response surface plot illustrated 
that elevating the proportion of lecithin and cholesterol 
enhances the vesicular size, yet accelerating the percentage 
of vitamin E TPGS mitigated vesicular size at low concen-
trations but increases it at high concentrations. Vesicle size 
increased as the quantity of cholesterol incorporated into 
the lipid bilayer was elevated. Quite a similar trend was seen 
in the study conducted by Karal et al. [32] in year 2022. 
The increase in lipid concentration raised vesicle size due 
to an increase in dispersion viscosity and lipid bilayer thick-
ness. Similar outcomes have been observed in studies using 
papain liposomes [33] and diclofenac liposomes [34]. This 
was in confirmation to the study conducted by Taghizadeh 
et al. in 2011, where it was observed that an increase in lipid 
content led to hike in vesicle size. Surfactant concentration 

had a detrimental influence on vesicle size. Surfactant 
enhancement resulted in a reduction in vesicle size because 
the interfacial tension between the lipid and aqueous phases 
decreased at high surfactant concentrations. Non-ionic sur-
factants were seen to reduce the size of the vesicular system 
in literature also [35].

Polydispersity Index

The PDI of all batches has been analysed using the Zeta-
size analyser, and displayed in Table 2. The impact of for-
mulation parameters on vesicular size was investigated. 
The influence of formulation-related variables on PDI was 
investigated. ANOVA validated the quadratic model, and 
the F-value of 6.81 (p < 0.005) indicated that the model is 
significant. Lack of fit has a F-value of 0.542, indicating that 

Fig. 1  Effect of independent variables (lipid concentration; cholesterol concentration, vitamin E TPGS concentration) on the vesicle size (A–C); 
PDI (D–F); encapsulation efficiency (G–I)
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it was not significant. The correlation among PDI and inde-
pendent variables is described by the coded equation below:

The equation showed that Factors A, B, and C had a posi-
tive influence on PDI, whereas interaction terms (AB, BC) 
had a positive influence on PDI, AC had a negative effect, 
and higher-order terms  (A2,  B2, and  C2) were seen to have 
a favourable effect. The 3-D response surface and contour 
plot in Fig. 1D–F indicated the differences in PDI with A, 
B, and C. The response surface plot showed that raising the 
concentration of lecithin, vitamin E TPGS, and cholesterol 
increased PDI. This is in confirmation to the study con-
ducted by Maritim et al. where they observed an increase in 
PDI as an effect from the addition in cholesterol content in 
the liposomal formulation [36].

Entrapment efficiency

Table 1 indicates the entrapment efficiency for each vesicle 
as determined by ultracentrifugation. The influence of for-
mulation factors on entrapment efficiency was investigated. 
ANOVA supported the quadratic model, and the F-value of 
36.29 (p < 0.005) indicated that the model was significant. 
The F-value of 0.1360 for lack of fit implies that the lack of 

PDI = + 0.296 + 0.0596 A + 0.0292 B + 0.0048 C

+ 0.0086 AB − 0.0231 AC + 0.0304 BC

+ 0.02 A2
+ 0.005 B2

+ 0.0299 C2

fit was not significant. The correlation among entrapment 
efficiency and independent variable is outlined by the coded 
equation below:

The equation showed that entrapment efficiency had 
been boosted by factors A, B, and C. Interaction terms 
(AB, AC) influenced vesicular size positively, but BC had 
a negative impact, and higher-order terms  (A2,  B2, and  C2) 
observed a favourable effect. The 3-D response surface in 
Fig. 1G–I indicated the differences in vesicular size with A, 
B, and C. The response surface plot displayed that raising 
the concentration of lecithin, vitamin E TPGS, and cho-
lesterol increased entrapment efficiency, but increasing 
the concentration of vitamin E TPGS decreased entrap-
ment efficiency. It was observed in a study conducted for 
everolimus liposomal formulation that the drug entrapment 
increased significantly with a hike in the usage of lipid con-
centration [37]. The rise in cholesterol caused an increase 
in the encapsulation efficiency of ACE. This action was 
discovered owing to the deposition of cholesterol between 
the voids of lipid bilayers, which diminished flexibility, 
inhibits drug mobility, and reduced ACE diffusion from 
liposomes. The lipid also had a substantial effect on encap-
sulation efficiency. Enhanced lipid concentration causes 
an increase in encapsulation efficiency due to increased 

Entrapment efficiency = + 88.37 + 1.59 A + 9.02 B + 0.3508C

− 1.58 AB + 2.81 AC − 1.34 BC + 2.13 A2

+ 1.38 B2
− 2.35 C2

Table 3  Summary of findings of 
ANOVA and regression analysis 
for vesicle size, PDI, and % EE

Parameters DF MS SS F P value R2 SD % C.V

Vesicle size (nm)
  Model 9 4917.25 44,255.22 14.31 0.0001 0.9280 18.54 8.46
  Residual 10 343.60 3436.01 Significant
  Total 19

PDI
  Model 9 0.0099 0.0893 6.58 0.0034 0.8556 0.0388 13.22
  Residual 10 0.0015 0.0151 Significant
  Total 19

% EE
  Model 9 159.25 1433.26 36.12 0.0001 0.9702 2.10 2.79
  Residual 10 4.41 44.09 Significant
  Total 19

Table 4  Optimised 
concentration of variables 
for fabricating liposomes by 
desirability factor

Predicted optimum range

S. No. Response variable A B C Predicted value Observed value Bias %

1 Vesicle size (nm) 13.5 10 2 171.89 174.22 -1.36
2 PDI 0.296 0.290 2.02
3 % EE 88.37 92.08 -4.19



2411Drug Delivery and Translational Research (2024) 14:2403–2416 

lipid viscosity. Because of the increased hydrophobicity and 
longer alkyl chain length, this inhibited ACE leaching from 
the lipid bilayer. Surfactant, on the contrary, strengthened 
ACE encapsulation effectiveness in liposomes. An upsurge 
in the percentage of surfactant led to a decline in interfa-
cial tension and an improvement in viscosity that defends 
ACE leakage from liposomes [38]. Summary of findings 
has been illustrated in Table 3 after ANOVA and regression 
analysis found for vesicle size, PDI, and % EE.

Point prediction

The analyses of all 20 liposomal preparations appeared 
adapted to several kinetic orders, while the model with the 
greatest fit for the fabricated liposomal formulations proved 
to be quadratic. Acec-Lipo emerged as the best formula-
tion employing the software’s point prediction, considering 
the criterion of having the lowest vesicle size and PDI with 
the maximum entrapment efficiency. The total lipid content 
in the liposomal formulation was (13.5% w/w), cholesterol 
concentration (10% w/w), and surfactant concentration (2% 
w/w) that met the requirements for an optimal formulation. 
The authentic experimental value and the anticipated experi-
mental value (as predicted by software Design Expert 13) 
proved to be very analogous and linear to one another as 
depicted in Table 4 and % bias was minimal illustrating that 
the optimised Acec-Lipo was rational and trustworthy. With 
particle size and PDI of 174.22 ± 5.46 nm and 0.290 ± 0.01, 
respectively (Fig. 2), the optimised formulation achieved an 
entrapment effectiveness of 92.08 ± 3.56%. Based on the 
CCD design technique, the optimised formulation Acec-
Lipo opt was chosen.

Surface morphology

Figure 3 shows a HRTEM of the Acec-Lipo opt formulation. 
The micrograph indicated a more or less spherical shape as 
well as the creation of distinct vesicles with clear borders 

[39]. The results revealed that the vesicles were equally dis-
persed, separated from one another, and exhibited the con-
tour and centre of the renowned particles.

Differential scanning calorimetry for thermal analysis

The thermal behaviour of ACE and lyophilised ACE 
liposomes was investigated using DSC as illustrated in 
Fig. 4. ACE thermograms exhibited a single strong endo-
thermic peak at 157 °C. Their melting points corresponded 
to these peaks, demonstrating their extremely crystalline 
composition. The DSC thermograms of the assessed 
Acec-Lipo formulation showed an endothermic peak at 
the 170 °C of soy lecithin [38], respectively. DSC traces 
of the Acec-Lipo formulation also revealed that the drug’s 
endothermic peak had vanished, suggesting that the ACE 
was molecularly distributed in the liposomes.

Evaluation of Acec‑Lipo opt gel

Table 5 shows the results of testing developed Acec-Lipo 
opt gel for various physical characteristics. The created 

Fig. 2  Polydispersity index and vesicle size of optimised Acec-Liposomes

Fig. 3  HR-TEM of optimised aceclofenac liposomes
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Acec-Lipo opt gel had a pleasing, smooth, homogenous 
look and was devoid of any particulates. The pH of the 
fabricated topical gel was discovered to be 6.9 ± 0.18 that 
was considered safe to avoid any skin irritation when 
applied to the skin. The produced gel formulation has a 
spreadability of 16.87 ± 3.21 g·cm/s.

Texture analysis

The Acec-Lipo opt gel formulation was tested for texture 
analysis as illustrated in Fig. 5 as well as metrics such as 
hardness, % deformation, adhesive force, adhesiveness, 
stringiness length, stringiness work done, and springiness of 
the eloped formulation. The force vital to perform the initial 
compressive deformation was employed to assess the hard-
ness of the gel and, as a consequence, its behaviour when 
adapted to the skin. In contrast to the conventional formula-
tion, the optimised formulation showed required hardness, 
% deformation, adhesive force, adhesiveness, stringiness 
length, and springiness with values of 0.11 N, 66.7%, 0.07 N,  
0.5 mJ, 0.333 cm, and 0.089 cm, respectively (Table 5). The 
duration of a formulation’s inclusion on the skin and the 
amount of work necessary to spread it defined its adhesive-
ness and cohesiveness. For further evaluation of the prepared 
gel-based formulation, an initial modulus was observed to be 
16.07 ± 0.70 thus depicting its utility as a suitable applica-
tion over the skin.

In vitro drug release studies

ACE release from Acec-Lipo opt gel and Acec gel were 
estimated and found to be 84.50 ± 2.14% after 24 h and 
94.89 ± 2.85% after 12  h respectively as illustrated in 
Fig. 6. Acec-Lipo opt gel had a biphasic release pattern, 
with an initial quick release followed by a delayed release 
after 2 h. The existence of the drug on the surface led to 
rapid escape in the beginning, which slowed gradually due 
to ACE entrapment in the matrix of gel that is projected to 
hinder drug diffusion from the lipid mix or strengthened 
gel viscosity. The drug release data was analysed kineti-
cally employing an array of mathematical models, with the 
Acec-Lipo opt gel adopted Higuchi (R2 = 0.999) indicating 
the ideal fit in terms of R2 values, followed by the first-
order (R2 = 0.924), zero order (R2 = 0.887), and Korsmeyer-
Peppas (R2 = 0.738). The suggested model’s release expo-
nent (n) was determined to be smaller than 0.5 (n < 0.5), 
suggesting that the Fickian diffusion release mechanism 
was adopted by the Acec-Lipo opt gel formulation.

Ex vivo permeation studies

Nonetheless, considering the goal of this study was to com-
pare the permeation performance of Acec-Lipo opt gel with 
Acec gel. The graph provided cumulative plots of the quan-
tities of ACE penetrated over the skin as a function of time. 

Fig. 4  Thermal analysis of a aceclofenac and b lyophilised aceclofenac liposomes

Table 5  The physical characterisation of Acec-Lipo opt gel

Homogeneity pH Spreadability (g·cm/sec) Hardness (N)

Good 6.9 ± 0.18 16.87 ± 3.21 0.11

% deformation Springiness (cm) Adhesiveness (mJ) Adhesive force (N)

66.7 0.089 0.5 0.07
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Ex vivo permeation studies were evaluated as cumulative 
release per  cm2 as depicted in Fig. 7, with permeability 
coefficient and steady state flux. In the instance of excised 
goat skin, the steady state transdermal flux was 20.84 and 
39.75 µg/cm2/h for Acec gel and Acec-Lipo opt gel, respec-
tively. The greatest drug deposition was obtained in the case 
of the developed Acec-Lipo opt gel. For both samples, the 
augmentation of transdermal flux ratio was determined. The 

enhancement ratio for Acec-Lipo opt gel was determined 
to be 1.91.

According to the findings, Acec-lipo opt gel had the 
potential to penetrate the skin. The Acec-Lipo opt gel for-
mulation demonstrated higher penetration into and through 
the epidermal layers, indicating that it was more acceptable 
as a drug delivery carrier. The findings suggested that a 
liposomal formulation would be a better alternative for skin 

Fig. 5  Texture analysis of optimised Acec-Lipo gel

Fig. 6  In vitro profile of the 
Acec-lipo opt gel and Acec gel
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distribution than an Acec gel formulation. The proportions 
of cholesterol and vitamin E TPGS in liposomes seemed 
to have an important influence in ACE penetration into the 
skin. Cholesterol had already been shown to influence and 
modify the fluidity, phase behaviour and stability of mem-
brane permeation and trafficking. Cholesterol and vitamin E 
TPGS were also commonly utilised as penetration enhancers 
for topical administration. Researchers have generally recog-
nised vesicular systems for topical drug administration due 
to their biocompatible, biodegradable, and nonimmunogenic 
nature. It should be mentioned that their adaptability also 
refers to their capacity to control the release of a medicinal 
substance based on specific treatment requirements [40].

Carrageenan‑induced paw edema

Figure 8 depicts the percent inhibition of inflammation 
and mean percent edema of all groups investigated. Edema 
inhibition was found to be greatest in the Acec-Lipo opt 
gel formulation, followed by Acec gel. The obtained find-
ings demonstrated that the formulated compositions outper-
formed Acec gel. These novel findings reinforce the notion 
that the addition of chitosan created a synergistic effect, as 
well as that deformability and vesicle size have a substantial 
impact on the accomplishment of topical therapies, in spite 
of the fact that Acec gel has the same composition.

Hot plate method (anti‑nociceptive behaviour)

Acec-Lipo opt gel enhanced animal latency time on the 
hot plate throughout the scrutiny period. The heat stimula-
tion of a hot plate causes the animal to respond by hopping 
or licking of the paw that correlates with the activation of 
nociceptive receptors. The Acec-Lipo opt gel demonstrated 
higher anti-nociceptive behaviour in our investigation as 

shown in Fig. 9, indicating in a hot plate testing, increased 
latency time indicates an anticipated analgesic effect of cen-
tral origin.

Skin irritation studies

Figure 10 depicts visuals of mice undergoing various skin 
irritation treatments. The images clearly revealed that the 
animals receiving Acec gel had significant skin inflamma-
tion and discomfort. The samples of skin from the groups 
administered with the Acec-Lipo opt gel, on the contrary, 
exhibited no visible signs and had been shown to be similar 
to the control group. The free carboxyl group of ACE, lead-
ing to irritation in mice skin following application of Acec 
gel, might be the cause of the irritation [41]. Liposomes 
were effective at masking this group and avoiding direct 
contact with the epidermis.

Fig. 7  Skin permeation profile of the Acec-lipo opt gel and Acec gel
Fig. 8  Anti-inflammatory activity of Acec-Lipo opt gel and Acec-gel 
compared with disease control

Fig. 9  Analgesic activity of Acec-Lipo opt gel and Acec-gel compared 
with disease control
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Conclusion

The liposomal formulation of ACE was successfully fab-
ricated and optimised with the aid of design expert. The 
current study provided scientific evidence for novel drug 
delivery technologies outperforming conventional formu-
lations. ACE was delivered safely and effectively using 
topical vesicular formulations based on vitamin E TPGS 
and phospholipids. The findings showed that achieving 
a nano-size range and the addition of ACE liposomes in 
chitosan-based gel offered a synergistic impact on analge-
sic and anti-inflammatory characteristics. The optimised 
gel formulation was tested for pH, phase separation, and 
homogeneity. It was found that the Acec-Lipo opt gel has 
significantly higher therapeutic potential than the commer-
cial formulation based on in vitro and ex vivo, and in vivo 
datum. As an outcome, ACE-loaded liposomes in chitosan 
gel appear to be a potential alternative to ACE gel for 
improved topical administration.
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