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ABSTRACT 
 

Objectives: The objective of the current studies to enhance the formulation of DS-loaded 
liposomes through the utilization of Response surface methodology (RSM) and involving the 
computation approach for their validation. 
Methods: The optimization of DS-loaded liposomes was conducted using RSM, focusing of 2 main 
key parameters including encapsulation efficiency (% EE) and In-vitro drug release (% DR) for 12 
hours via involving QbD. To formulate an optimize liposome formulation utilizing a 32 factorial 
design, with the phospholipid and cholesterol (CH) concentrations being the chosen independent 
variables. Nine formulations of DS-loaded liposomes were prepared using the TFH technique. The 
% EE, drug content, and in vitro release studies were assessed utilizing an Ultra Violet (UV)-visible 
spectrophotometer for λmax-275 nm. The evaluation included zeta potential, vesicle 
characterization, particle size and polydispersity index (PDI) of the best optimized DS formulation 
were evaluated. Lastly the involvement of computational tools, such as molecular dynamics 
simulations docking with COX-2 active site via Y385.  
Results: The regression equations using RSM revealed that the phospholipid and CH molar 
concentration were significant variables in optimizing the percentage of % EE and percentage of 
drug release (% DR), with estimated coefficient values. The % EE was found to be 83.55±0.29, 
while the % DR was 71.22±0.34. The assumption of % DR and % EE values showed low % 
relative errors (PRE) of 0.069% and -0.194% respectively. The result shows that the design-
developed model is appropriate for DS formulations and validates the model. 
Conclusion: Investigational outcome represents the perceived responses were in related with the 
desired values and this represents the relationship of the RSM for optimization of % DR and % EE 
in DS loaded liposomal preparations. 
 

 

Keywords: Optimization; diclofenac; liposomes; thin film hydration technique; design of experiments. 
 

1. INTRODUCTION 
 
Diclofenac sodium (DS) is a BCS class II drug. 
This means that it is less soluble but more 
permeable. The class II drugs for BCS are 
typically absorbed well by the body, but they may 
exhibit variable bioavailability due to their poor 
solubility. The poor solubility of DS can be 
overcome by formulating it in a variety of ways, 
such as using micronized particles, dissolving the 
drug in a surfactant solution, or encapsulating the 
drug in liposomes [1-2]. 
 
DS is a NSAID (non-steroidal anti-inflammatory 
drug) that is employed to cure inflammation, 
pain, and fever. It is accessible in a several 

formulations, including capsules, oral tablets, 
suppositories, topical gels, ointments, and 
injectable solutions. DS serve by blocking the 
synthesis of prostaglandins that is important for 
inflammation and pain response. It is effective for 
treating various disease, like: Arthritis (e.g., 
ankylosing spondylitis, rheumatoid arthritis, 
osteoarthritis), menstrual cramps, Migraine 
headaches, acute pain (e.g., post-operative pain, 
dental pain, and muscle pain). DS is generally 
well-tolerated, but it can cause side effects in 
some people [3]. The most common side effects 
are mild and go away on their own. However, 
serious side effects can occur, such as stomach 
bleeding and ulcers. The drug description shown 
in the given Table 1 as below followings:

 

Table 1. The description of Diclofenac sodium (DS) drug along with all characterization 
 

Characteristic Description 

Drug class NSAIDs 
Available forms Oral tablets, capsules, suppositories, topical gels and ointments, injectable solutions 
Mechanism of action Blocks the synthesis of prostaglandins, that is important for inflammation and pain 
Uses Treats pain, inflammation, and fever 
Dosage Depends on the condition being treated and the individual's response to the drug 
Side effects Nausea, vomiting, stomach upset, diarrhea, headache, dizziness, drowsiness (more 

common); stomach bleeding and ulcers, liver damage, kidney damage, heart attack, 
stroke (less common) 

Interactions Can interact with other medications 
Pregnancy and 
breastfeeding 

Not recommended for use during pregnancy or breastfeeding  [2-4] 
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To increase the poorly solubility of diclofenac 
sodium (DS) drug via liposome, the following 
steps can be followed: 

 
• Choose the right lipid composition: The 

lipid composition of the liposome can have 
a big impact on its solubility. For DS, a 
combination of phosphatidylcholine, 
cholesterol, and 
dipalmitoylphosphatidylglycerol (DPPG) 
has been shown to produce liposomes with 
high diclofenac encapsulation efficiency 
and solubility. 

• Prepare the liposomes: There are a 
number of different methods for preparing 
liposomes. A common method is to 
dissolve the lipids in a solvent, such as 
ethanol or chloroform, and then add water 
for formation of an emulsion. The emulsion 
is further sonicated or extruded to form 
liposomes. 

• Encapsulate the diclofenac: Once the 
liposomes have been prepared, the DS 
can be encapsulated by adding it to the 
liposome suspension and mixing gently. 
The diclofenac will diffuse into the 
liposomes and become encapsulated in 
the lipid bilayer. 

• Purify the liposomes: Once the DS has 
been encapsulated, the liposomes can be 
purified to remove any unencapsulated 
diclofenac. This can be done by dialysis, 
gel filtration, or ultracentrifugation [4-6]. 

 
The resulting diclofenac liposomes will have 
increased solubility compared to conventional DS 
formulations. This is because the DS is 
encapsulated in the lipid bilayer of the liposome, 
which protects it from the external environment. 

 
Liposome drug delivery is a method of 
transporting drugs into the body using 
microscopic vesicles called liposomes. 
Liposomes has a lipid bilayer, which is a bilayer 
of phospholipids forming a spherical surface. 
This bilayer surrounds an aqueous core, which 
can be used to entrap both hydrophilic (water-
soluble) and lipophilic (water-insoluble) drugs [6]. 
Liposome drug delivery has various benefits over 
traditional drug delivery methods. First, 
liposomes can prolong the drugs half-life as it 
protects the drug from degradation in the body. 
Second, liposomes targets drugs to specific cells 
or tissues [7]. Third, liposomes can controlled the 
release of drugs over time. Liposomes are 
prepared by mixing lipids and water in a specific 

ratio. The mixture is then sonicated or extruded 
to form liposomes. Size and properties of the 
liposomes can be controlled by varying the lipid 
composition and the preparation method. 
 
Once the liposomes are formed, the drug can be 
encapsulated by adding it to the liposome 
suspension. The drug will penetrate through the 
liposomes and become encapsulated within lipid 
bilayer. The liposomes can then be purified to 
remove any unencapsulated drug [6-8]. 
Liposomes can be administered into the body by 
a different routes, like as injection, oral 
administration, and topical application. The route 
of administration depends on the intended 
utilization of the liposomes. 
  

Liposome drug delivery is a versatile and 
promising drug delivery system. It has the 
capacity to enhance the safety and efficacy of 
many drugs. Several prior studies have 
investigated the efficacy of ibuprofen [9], 
naproxen [10-11], and Nimesulide [12, 13] in 
improving the bioavailability and poor water 
solubility of these compounds. Therefore, it is 
imperative to develop and DS-loaded liposomes 
are potent for anticancer treatment. In the field of 
pharmaceutical advance technique, the 
optimization and development of various 
pharmaceutical dosage forms are influenced by a 
multitude of elements that impact the product 
assumptions [11-13]. 
 

For the using computational approaches can be 
used to significantly accelerate the development 
of liposomes for the delivery of DS. By using 
computational methods, it is possible to screen a 
large number of liposome formulations and to 
identify the most promising formulations for 
further evaluation. This can save a significant 
amount of time and resources. The specific 
computational approaches that can be used for 
the design and optimization of liposomes for the 
delivery of DS include, Molecular dynamics (MD) 
simulation can be used to simulate the behavior 
of liposomes and DS molecules at the atomic 
level [11-13]. This information can be used to 
understand the interactions between the 
liposomes and DS molecules, and to predict the 
properties of liposome formulations and docking 
for their predictions.  
 

The formulation were outlined to investigate the 
impact of independent variables, or factors, over 
the dependent variable, or response/parameter, 
of a given formulation or process. RSM is a type 
of experimental design, is a highly effective tool 
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for showing the correlation between a set of 
quantitative factors and a response. RSM utilizes 
a quadratic polynomial model to identify the 
optimal response. One of the key advantages of 
RSM is that it requires fewer experiments, which 
can significantly reduce the cost of analysis [12-
13]. RSM is particularly utilized for plotting a plan 
of the response surface, identifying the optimal 
variable level for a response, and formula to 
meet specific requirements or selecting the 
appropriate process conditions. In this study, we 
aimed to optimize the diclofenac sodium formula 
by varying independent variables such as 
cholesterol (CH) mass and phospholipid 
(phosphatidylcholine) mass [14]. The optimal 
formula was determined using RSM with a 32 full 
factorial design, and the approach was adapted 
to achieve the desired % DR and % EE for 
NSAID drug. 
 

2. MATERIALS AND METHODS 
 

Materials: Diclofenac sodium (DS), 
(purity>90%), phospholipids samples 
(phosphatidylcholine) with purity >90%, was 
obtained. The solvents especially methanol and 
chloroform used for the formulation of liposome 
with DS. Potassium dihydrogen phosphate, 
sodium hydroxide pellets and Cholesterol (CH) 
are the chemical utilized for the work of analytical 
grade (AR) [11-15]. The chemical structure of all 
materials used in the formulation as per Fig. 1. 

Experimental Studies (32 FFD): In order to 
optimize the acquisition of information on product 
properties while minimizing the number of trials, 
a FFD (32) was employed to organize an 
investigation of a linked impact of independent 
variables over dependent variables. The study 
evaluated two factors, each at three levels, along 
with experimental trials were conducted at all 
nine possible blends. The first independent 
variable, R1, represents the compositional 
amount of phospholipid, with three different 
levels of 1, 2, and 3 moles. Second independent 
variable, R2, represents the mass of cholesterol, 
also with three different levels of CH-1, 2, and 3 
moles. These variables were picked for the 
liposomes. The levels of these variables were 
categorized for lesser level (-1), medium level 
(0), and higher level (+1). Entire calculations 
were conducted at the milligram level. The 
concentration of DS was kept constant at 10 µM, 
and the final formulation volume was maintained 
at 15 ml [16]. The dependent variables chosen 
for analysis were the percent entrapment 
efficiency (% EE) (P1) and the % in vitro drug 
delivery at 12 hours (% DR) (P2). The values of 
the batch codes and variables can be found in 
Tables 2 and 3. 

 
The statistical experimental design was 
generated and evaluated using Design Expert® 
DX 10.0.7.0 software, licensed version, 
developed by Stat-Ease Inc., MN [15-18]. 

 

 
 
Fig. 1. The structural composition of chemicals in the formulation of liposome: (A). Diclofenac 

sodium (DS), (B). Phosphatidylcholine (Phospholipid) and (C). Cholesterol (CH) 
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Fig. 2. The formulation of liposomes via thin film hydration techniques 
 

Table 2. The 32 FFD: responses with their factor, factor levels for diclofenac sodium 
preparation 

 
Factors (Independent variables) Factor ranges employed 

Low (-1) Medium (0) High (+1) 

Concentration (moles) of phospholipid 
(phosphatidylcholine) (R1, w)   

1 2 3 

Concentration (moles) of cholesterol (CH) (R2, w) 
Responses (Dependent variable) 
P1 = % EE ; P2 = % DR 

1 2 3 

 
Preparation of Diclofenac sodium-loaded 
liposomes: The liposomes were formulated by 
employing the thin film hydration method (TFH). 
A constant concentration of 10 µM DS (molecular 
weight: 318.13 grams per mole g/mol.) was used 
for all batches, along with the desired amounts of 
phospholipid (phosphatidylcholine) (molecular 
weight: 770) and cholesterol (CH) (molecular 
weight: 386.67), which were solubilized in 10 ml 
of chloroform in a 100 ml RBF (round bottom 
flask). The experimental design in Table 1 was 
followed for all batches. Chloroform was 
vaporized via a rotary vacuum evaporator and 
left overnight under vacuum. The resulting 
mixture was hydrated with 15 ml of phosphate 
buffer pH 7.4 for 1 hour with 10 minutes of 
immense vortexing [19-20]. The liposome 
suspension was sonicated with in the water bath 
at a temperature of 60 °C to lower the size of the 
liposomes (Fig. 2).  

 
Non-incorporated diclofenac sodium was broken 
down by ultracentrifugation for 30 minutes at 4 
°C and 10,000 rpm. The supernatant was thrown 
out, and the DS-loaded liposomes in the 
precipitate were re-scattered in the needed 
volume of phosphate buffer pH 7.4. The resulting 
solution was shifted to vials to store at 4 °C [20]. 

These are the some dependent and independent 
variables for the 32 factorial design for diclofenac 
liposome formulation. 
 

3. STATISTICAL STUDY AND 
OPTIMIZATION OF PREPARATION 
USING RSM 

 

3.1 Determination of % Encapsulation 
Efficiency (% EE) 

 
The DS preparation was purified using an 
ultracentrifugation technique [21,22]. To 
determine the concentration of DS encapsulated, 
2 ml of the vesicular dispersion was centrifuged 
for 1 hour at 10,000 rpm and 4 °C using a 
refrigerated centrifuge. The supernatant, which 
contained the un-entrapped drug, was withdrawn 
and measured using UV spectrophotometry at a 
λ of 275 nm. The measurements were performed 
against a 25:75 ratio for methanol to phosphate 
buffer solution (PBS) with a pH of 7.4. Every 
measurements were conducted in triplicate. 
Calibration plot was generated with mixing 
reference solutions of DS with a 25:75 ratio of 
methanol and PBS with a pH of 7.4 [20,23]. The 
concentration of drug encapsulated in liposomes 
was given by equation as below followings: 



 
 
 
 

Pal et al.; J. Adv. Med. Med. Res., vol. 35, no. 22, pp. 287-300, 2023; Article no.JAMMR.108477 
 
 

 
292 

 

  (%EE) =  
Amount of entrapped drug

total amount of drug
x 100 

 

The percent encapsulation efficiency (% EE) was 
calculated as the percentage of the available 
dissolved solute that was final entrapped. 
 

3.2 Estimation of % In-Vitro Drug Release 
Studied (% DR) at 12 hr. 

 

The % DR study for PT by various DS 
formulations with utilized the Franz diffusion cell 
apparatus, which consists of a donor and 
receptor section, with an effective surface area 
for dissolution of 2.205 cm2. A dialysis 
membrane was employed and pre-treated 
according to the manufacturer's instructions. 
Once properly pre-treated, the membrane was 
cut to the required shape, sizes and staged 
connecting the effective surface area of the 
receptor and donor compartments. A 2 ml DS 
dispersion was put over the membrane, along 
with the inclusion of 20 ml of PBS (pH 7.4) 
containing 0.12% span 60 as the dissolution 
media in the receptor compartment [24]. The 
contents of receptor compartment were stirred at 
100 rpm using a magnetic stirrer at a 
temperature of 37±1.0 °C.  
 

At predetermined time intervals, 2 ml samples 
were extracted from the sampling port of the 
apparatus. These samples were appropriately 
diluted with clear media and the absorbance of 
the resultant solutions was measured with 275 
nm employing an UV-visible spectrophotometer.  
 

3.3 The Vesicular Morphology of 
Liposomes 

 
Liposomes were affixed to a slide of glass and 
subjected to morphological observation using a 
Digital Microscope following appropriate dilution. 
Size analysis of DS was conducted at a 
magnification of (×40) utilizing a calibrated 
eyepiece micrometers. The images were 
captured using the Motic Image plus 2.0 ML 
software that accompanies the instrument [25].  
 

3.4 Estimation % Drug Content 
 
A volume of one milliliter of suspension was 
extracted from the DS preparation and 
subsequently mixed in methanol for lysis. The 
resulting solution was further diluted using a 
25:75 ratio of methanol to PBS with a pH of 7.4. 
The samples were then subjected to 

spectrophotometric analysis at a wavelength of 
275 nm to determine the concentration of DS 
[26]. 
 

3.5 Evaluating of Zeta Potential, Particle 
Size and POLY-Dispersity Index (PDI) 

 

Liposomal size was determined with a Malvern 
zetasizer using dynamic light scattering. A diluted 
(1:100) DS suspension was taken in the sample 
cuvette and placed in the zetasizer. The sample 
was allowed to stabilize for two minutes before 
taking measurements. The average particle size 
was determined by demonstration of the 
experiment three times. The zeta potential of the 
formulated DS loaded preparation was obtained 
by a Malvern zetasizer [26-28]. 
 

4. COMPUTATIONAL APPROACH 
VALIDATION 

 
The docking pose of DS in the active site of 
cyclooxygenase-2 (COX-2) is characterized by 
a number of important interactions. The 
carboxylate group of DS forms a salt bridge with 
the arginine residue Arg117, while the 
dichlorophenyl ring interacts with the 
hydrophobic residues Val349, Ile523, and 
Trp387. The methoxy group of diclofenac sodium 
also interacts with the hydrophobic residue 
Val524. These interactions help to anchor 
diclofenac sodium in the active site of COX-2, 
allowing it to inhibit the enzyme's activity [29]. 
 
In addition to these interactions, the docking 
pose of DS also allows it to interact with the 
tyrosine residue Tyr385. This interaction is 
thought to be important for the selectivity of 
diclofenac sodium for COX-2 over COX-1. COX-
1 and COX-2 are two isoforms of the 
cyclooxygenase enzyme, and they play different 
roles in the body. COX-1 is involved in the 
production of prostaglandins that are important 
for normal physiological functions, such as 
protecting the stomach lining and regulating 
blood flow. COX-2 is involved in the production of 
prostaglandins that are responsible for 
inflammation and pain. 
 
By interacting with Tyr385, diclofenac sodium is 
able to selectively inhibit COX-2 without 
significantly inhibiting COX-1. This helps to 
minimize the side effects of DS, such as stomach 
ulcers and bleeding [25-27]. The docking pose of 
diclofenac sodium in the active site of COX-2 as 
per Fig. 3. 
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Fig. 3. The docking pose of diclofenac sodium with Y385 at COX-2 active site 
 

The diagram shows that diclofenac sodium is 
well-anchored in the active site of COX-2 by a 
number of interactions, including a salt bridge 
with Arg117 and hydrophobic interactions with 
Val349, Ile523, Trp387, and Val524. DS also 
interacts with Tyr385, which is thought to be 
important for its selectivity for COX-2 over COX-1 
[29]. 
 

5. RESULTS AND DISCUSSION 
  
Experimental data and design acquiring (32 
FFD): A FFD (32) was utilized to improve the 
preparation of DS. The all 9 batches of DS were 
prepared in accordance with the preparation 
variables outlined in Table 3. Liposome were 
acquire by employing the TFH technique. RSM 
was employed to assess the impact of the molar 
ratios of phosphatidylcholine and CH, as well as 
their interconnection, on the dependent variables 
of interest (% DR and % EE) [29,21]. The 
objective of this experiment was to identify 
significant factors that influence the performance 
of the formulation and establish their optimal 
levels to achieve the desired responses as 
presented in Table 3. 
 

Statistical studies with optimization of 
preparation employing RSM: In order to assess 
the quantitative impact of factors R1 and R2, as 
well as their respective levels of high (+1), middle 
(0), and low (-1), on preferred responses, 
experimental values of flux were studied using 
Design Expert® DX 10.0.7.0 license version 
software. Models of mathematics were then 
employed for each response, as documented in 
references [27-29,21,22,30,31]. The 
mathematical link was produced to study 
response variables via multiple linear regression 

analysis (MLRA), namely % DR and % EE at 12 
hours, which relate to independent variables and 
various response are conveyed as quadratic 
models in the following polynomial equations: 
 

P1 (% EE) = 83.44+3.19X1–8.33X2+3.99 X1X2–
9.81X12+0.25X21 [Equation (1)] 
 

P2 (% DR12 h.) = 71.22+6.79X1–4.23X2–
1.39X1X2–15.39X1 2–4.82X21 [Equation (2)] 
 

These equations demonstrate the effect of 
independent variables, specifically the molar ratio 
of phosphatidylcholine and CH, on dependent 
variables like as % EE (P1) and in vitro % DR at 
12 hours (P2). The fitted quadratic models for % 
EE and % DR were used to draw conclusions by 
considering the coefficients and mathematical 
signs, both +ve and -ve. The correlation 
coefficient (R2) of model was found to be 
significant, with a value of 0.9516 for             
response P1 (% EE) and 0.9878 response of P2 
(% DR). 
 

Response 1 (% EE): The regression analysis 
conducted on equation (1) for response P1 (% 
EE) indicated that the coefficient of β1 was (+) 
ve, while β2 was (-) ve. The result suggests that 
an increase in phosphatidylcholine (R1) led to an 
increase in % EE, but further increasing 
phosphatidylcholine (R1) to higher levels resulted 
in a decrease in % EE. Additionally, an increase 
in cholesterol (R2) was found to decrease % EE. 
This can be attributed to the fact that higher 
concentrations of cholesterol lead to vesicle 
rigidity [28] that reduces % EE. The % EE of 
various liposomal batches ranged from 51.68 to 
83.55. %. Batch L4 (Table 4), which had a 
constituent of phosphatidylcholine: CH (2:1 molar 



 
 
 
 

Pal et al.; J. Adv. Med. Med. Res., vol. 35, no. 22, pp. 287-300, 2023; Article no.JAMMR.108477 
 
 

 
294 

 

ratio) (0,-1), exhibited the highest entrapment 
[30-32]. 
 

The counter plot (Fig. 4) and ANOVA analytical 
analysis (Table 4) of %EE for diclofenac sodium 
liposome formulation as shown as followings. 
 

ANOVA was used to determine the model's 
significance, and the model's response F-value 

(P1) (21.89) from the ANOVA data showed that 
model is significant as represented in Table 4. 
 

The counter plot of %EE with CH (R2) and 
phospholipid (R1) shown as Fig. 4 followings. 
 

The response surface plot for the % EE for DS 
liposome as following Fig. 5 with resulting CH 
and Phospholipid. 

 
Table 3. The Composition 32 FFD with measured responses of diclofenac sodium formulation 

 

Batches Variable range  Variable range in real form Response variables 

X1 X2 Phospholipid 
(phosphatidylcholine) in 
moles (R1, W) 

Cholesterol 
(CH) in moles 
(R2, W) 

(% EE)±SD (% DR)±SD 
For 12 hr 

L1 -1 -1 1 1 78.65±1.28 40.28±1.58 
L2 -1 0 1 2 64.23±0.32 42.68±0.98 
L3 -1 +1 1 3 51.68±0.45 32.39±1.02 
L4 0 -1 2 1 83.55±0.59 71.22±1.34 
L5 0 0 2 2 75.69±1.1 62.12±0.63 
L6 0 +1 2 3 63.23±1.57 66.98±1.33 
L7 +1 -1 3 1 72.12±1.73 59.32±1.42 
L8 +1 0 3 2 66.16±0.21 61.85±0.87 
L9 +1 +1 3 3 62.89±1.22 72.92±1.19 

 

Table 4. The list of ANOVA analytical of % EE (P1) with F values 
 

Source F Value Sum of squares Mean squares p-value Prob. >F 

Model 21.89 829.57 165.91 0.0142 
R1–Phospholipid (PL90G) 7.70 57.72 57.72 0.0692 
R2–Cholesterol (CH) 71.36 534.68 534.68 0.0035 
R1R2 5.42 40.58 40.58 0.1024 
R12 26.20 196.35 196.35 0.0144 
R22 0.032 0.24 0.24 0.8693 
Cor–total  852.05   

 

 
 

Fig. 4. The Counter plot representing the results of cholesterol (CH) (R2) phospholipid 
(phosphatidylcholine) (R1) on % EE (P1) of DS 
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Fig. 5. Response surface plot representing the result of cholesterol (CH) (R2) and phospholipid 
(phosphatidylcholine) (R1) on % EE (P1) of DS liposome 

 

Response 2 (%DR): The impact of the drug 
delivered at 12 hours (% DR) (P2) was given as 
statistically significant (P<0.05) according to the 
analysis of variance (ANOVA). The polynomial 
equation (7) indicated that the coefficient of β1 
were +ve and β2 were -ve, suggesting that an 
increase in phosphatidylcholine (R1) led to an 
increase in % DR, while an increase in 
cholesterol (R2) resulted in a decrease in % DR. 
The % DR elevated with higher concentrations of 
lipid, but reached a point where the release was 
slowed down, and at higher levels of cholesterol, 
the release was decreased. This can be 
attributed to the fact that higher levels of 
cholesterol make the lipid bilayers extra rigid, 
thus impeding the liberation of the drug. This was 
notable from vesicles with greater cholesterol 

concentrations, which represented approximately 
50% release, except for the L6 preparation 
[31,32]. The L4 preparation, with a constituent of 
phosphatidylcholine: CH (2:1 molar ratio) (0,-1), 
exhibited a % DR of 66.98. % at 12 hours (Table 
3). At lesser concentrations of cholesterol and 
phospholipid, drug liberation was minimal due to 
the formation of a stagnant layer [28]. 
 
The counter plot (Fig. 6) and ANOVA analytical 
analysis (Table 5) of % EE for diclofenac sodium 
liposome formulation as shown as followings. 
 
With ANOVA analysis, the model F-value of 
response (P2) (24.39) represents the model is 
significantly mentioned in Table 5. The counter 
plot (Fig. 6) % DR as followings. 

 

Table 5. The list of ANOVA analytical of % DR at 12 hr 
 

Source F Value Sum of squares Mean squares p-value prob>F 

Model 24.39 948.33 189.67 0.0109 
A-Phospholipid 38.70 276.62 276.62 0.0084 
B-Cholesterol 18.02 128.81 128.81 0.0239 
AB 1.06 7.59 7.59 0.3786 
A2 65.41 467.57 467.57 0.0040 
B2 9.48 67.74 67.74 0.0542 
Cor Total  969.78   

 

 
 

Fig. 6. Counter plot representing the result of and cholesterol (CH) (R2) and phospholipid 
(phosphatidylcholine) (R1) on % DR for 12 h (P2) of PTL 
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The response surface plot for the % DR for       
12 hr. of DS prepared liposome as following    
Fig. 7. 

 
Desirability and overlay plot: The objective of 
liposomal preparation the optimization is typically 
to identify the optimal ranges of variables that 
influence desirability (Fig. 8A) responses, in 
order to produce a strong product with top-notch 
qualities. Throughout the optimization process, 
all measured responses that could impact the 
product's quality were carefully considered. 
Specifically, the criteria for maximum % EE and 
% DR at 12 hours were established [33-35]. By 
The best value was found by merging                     
each answer criterion using an overlay plot. (Fig. 
8B).  

To validate the RSM obtained Results: To 
assess optimization capabilities of models 
generated through the RSM (32 FFD), a DS 
preparation was formulated utilizing the optimal 
technique variable settings where R1 and R2 
were 2:1. The resulting P1 (% EE) and P2 (% DR 
at 12 h) responses obtained from the predicted 
models and experimental model are presented in 
Table 6. The percent relative error (PRE) was 
calculated using Equation 2. The PRE values for 
P1 (% EE) and P2 (% DR at 12 h) were 
determined to be (-0.189) and (0.069), 
respectively. The maximum PRE value was (-
0.189); however, all values were found to be 
<2%, confirming the suitability of the 
experimental study [34-36]. This outcome 
demonstrate good relationship between the 
preparation properties and theoretical properties.

 

 
 

Fig. 7. Response surface plot representing the result of cholesterol (CH) (R2) and phospholipid 
(phosphatidylcholine) (R1) on % DR for 12 h (P2) of DS liposome 

 

 
 

Fig. 8. A & B The overlay plot a desirability plot of DS liposome; [A]. Overlay plot and [B]. 
Desirability Plot 
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Table 6. Verification of experimental and predicted diclofenac sodium batch formulation 
 

Response Experimental values Predicted value % Correlative error (PRE) 

P1 (% EE) 86.66±0.66 86.418 –0.291 
P2 (% DR at 12 h) 63.48±1.22 63.526 0.059 

 

 
 

Fig. 9. The structurally morphology of DS by Motic image plus 1.8 ML software 
 

 
 

Fig. 10. The Particle size distribution via intensity of DS liposome formulation 
 

Percent drug content, vesicle morphology, 
PDI and particle size of advanced DS 
preparation: The latest diclofenac sodium 
formulation's vesicle morphology was studied 
using a digital microscope. As seen in Fig. 9, the 
liposomes had a spherical shape and a smooth 
surface. The percentage of medication in the 
liposomal form estimated to be 98-1.0% (n = 3, 
mean SD). The near 100% drug contains means 
that no substance was lost during production, 
and the high percentage signifies that the DS 
was evenly distributed among the vesicular 
dispersions. [37-39]. 
 

The particles size distribution via intensity 
represented of prepared DS liposome through 
experimental design shown in the given Fig. 10 
shown as followings. 
 

The developed DS formulation was analyzed for 
particle size (Fig. 10) yielding measurements of 
144.4 nm. The PDI was determined to be 0.224, 
indicating a restricted particle size distribution 
range. This low PDI suggests a high level of 
uniformity in the particle sizes. Additionally, it 
was observed that the behaviour, including size 
distribution and size, of the vesicles was            
entirely dependent on the selected variables. 
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This finding was also reported in a previous 
study [39-40]. 

 
6. CONCLUSION 
 
The current study utilized RSM, specifically a 32 
FFD, to successfully optimize DS formulations. 
The DS liposome was prepared using the TFH 
technique. The outcome of the optimization study 
indicated that a molar ratios of phospholipids and 
cholesterol (CH) at 2:1 demonstrated an increase 
in the extent and rate of in-vitro drug release of 
DS from the design-optimized preparation. 
Therefore, it can be concluded that the 
suggested RSM approach may be beneficial for 
the optimization and preparation of liposomal 
preparations containing DS as NSAIDs. 

 
CONSENT AND ETHICAL APPROVAL 
 
It is not applicable. 

 
ACKNOWLEDGEMENT  
 
The authors would like to extend their sincere 
appreciation and gratitude to the Department of 
Pharmaceutics at NIMS Institute of Pharmacy, 
NIMS University, Jaipur, Rajasthan, 303121, 
India, for their invaluable support and provision of 
all essential resources required for the 
successful finalization of this research project. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Louage B, De Wever O, Hennink WE,              

De Geest BG. Developments and               
future clinical outlook of taxane 
nanomedicines. J Controlled Release. 
2017;253:137-52.  

2. Ye J, Liu Y, Xia X, Meng L, Dong W, Wang 
R, et al. Improved safety and efficacy of a 
lipid emulsion loaded with a 
paclitaxelcholesterol complex for the 
treatment of breast tumors. Oncol Rep. 
2016;36:399-409.  

3. Kampan NC, Madondo MT, McNally OM, 
Quinn M, Plebanski M. Paclitaxel and its 
evolving role in the management of ovarian 
cancer. BioMed Res Int. 2015;1-21. 
Available:http://dx.doi.org/10.1155/2015/41
3076  

4. Wang L, Yu RS, Yang WL, Luan SJ, Qin 
BK, Pang XB, et al. Effects of paclitaxel 
loaded-drug micelles on cell proliferation 
and apoptosis of human lung cancer A549 
cells. Acta Pharma Sin. 2015;50:1240-5.  

5. Lemstrova R, Melichar B, Mohelnikova-
Duchonova B. Therapeutic potential of 
taxanes in the treatment of metastatic 
pancreatic cancer. Cancer Chemother 
Pharmacol. 2016;78:1101-11.  

6. Webster LK, Woodcock DM, Rischin D, 
Millward MJ. Review: cremophor: the 
pharmacological activity of an" inert" 
solubiliser. J Oncol Pharm Pract. 
1997;3:186-92.  

7. Pal R, Pandey P, Nogai L. The advanced 
approach in the development of targeted 
drug delivery (TDD) With Their Bio-Medical 
Applications: A Descriptive Review. 
International Neurourology Journal. 
2023;27(4):40-58. 

8. Singla AK, Garg A, Aggarwal D. Paclitaxel 
and its formulations. Int J Pharm. 
2002;235:179-92.  

9. Rhee YS, Chang SY, Park CW, Chi SC, 
Park ES. Optimization of ibuprofen gel 
formulations using experimental design 
technique for enhanced transdermal 
penetration. International Journal of 
Pharmaceutics. 2008;364(1):14-20. 

10. Ghanbarzadeh S, Khorrami A, Arami S. 
Preparation of optimized Naproxen nano 
liposomes using response surface 
methodology. Journal of pharmaceutical 
investigation. 2014;44:33-39. 

11. Puglia C, Bonina F, Rizza L, Cortesi R, 
Merlotti E, Drechsler M, Esposito E. 
Evaluation of percutaneous absorption of 
naproxen from different liposomal 
formulations. Journal of Pharmaceutical 
Sciences. 2010;99(6):2819-2829. 

12. Kumar A, Badde S, Kamble R, Pokharkar 
VB. Development and characterization of 
liposomal drug delivery system for 
nimesulide. Int J Pharm Pharm Sci. 
2010;2(4):87-89 

13. Singh B, Mehta G, Kumar R, Bhatia A, 
Ahuja N, Katare OP. Design, development 
and optimization of nimesulide-loaded 
liposomal systems for topical application. 
Current Drug Delivery. 2005;2(2):143-153. 

14. Moes J, Koolen S, Huitema A, Schellens J, 
Beijnen J, Nuijen B. Development of an 
oral solid dispersion formulation for use in 
low-dose metronomic chemotherapy of 
paclitaxel. Eur J Pharm Biopharm. 
2013;83:87-94.  



 
 
 
 

Pal et al.; J. Adv. Med. Med. Res., vol. 35, no. 22, pp. 287-300, 2023; Article no.JAMMR.108477 
 
 

 
299 

 

15. Holstein A, Hargreaves KM, Niederman R. 
Evaluation of NSAIDs for treating 
post‐endodontic pain: A systematic  
review. Endodontic Topics. 2002;3(1):3- 
13. 

16. Sandhu PS, Beg S, Mehta F, Singh B, 
Trivedi P. Novel dietary lipid-based self-
nano emulsifying drug delivery systems of 
paclitaxel with p-gp inhibitor: Implications 
on cytotoxicity and biopharmaceutical 
performance. Expert Opin Drug Delivery. 
2015;12:1809-22.  

17. Li J, Wang F, Sun D, Wang R. A review of 
the ligands and related targeting strategies 
for active targeting of paclitaxel to tumours. 
J Drug Target. 2016;24:590-602.  

18. Xu J, Zhang X, Chen Y, Huang Y, Wang P, 
Wei Y, et al. Improved micellar formulation 
for enhanced delivery for paclitaxel. Mol 
Pharm 2016;14:31-41.  

19. Umbarkar M, Thakare S, Surushe T, Giri, 
A, Chopade V. Formulation and evaluation 
of liposome by thin film hydration method. 
Journal of Drug Delivery and Therapeutics. 
2021;11(1):72-76. 

20. Pal R, Pandey P, Maurya VK, Saxena A, 
Rizwan M, Koli M, Pinki K, et al. 
Optimization And Formulation of 
Doxorubicin (DOX) Loaded Liposome 
Well-Used In Chemotherapy Involving 
Quality By Design (QbD): A Transitory 
Research; 2023. 

21. Zhang W, Wang G, Falconer JR, Baguley 
BC, Shaw JP, Liu J, et al. Strategies to 
maximize liposomal drug loading for a 
poorly water-soluble anticancer drug. 
Pharm Res. 2015;32:1451-61.  

22. Zhang H, Gong W, Wang ZY, Yuan SJ, Xie 
XY, Yang YF, et al. Preparation, 
characterization, and pharmacodynamics 
of thermosensitive liposomes containing 
docetaxel. J Pharm Sci. 2014;103:2177-
83. 

23. Bonde S, Nair S. Advances in liposomal 
drug delivery system: fascinating types and 
potential applications. Int J Appl Pharm. 
2017;9:1-7.  

24. Li J, Huang P, Chang L, Long X, Dong A, 
Liu J, et al. Tumor targeting and pH-
responsive polyelectrolyte complex 
nanoparticles based on hyaluronic acid-
paclitaxel conjugates and chitosan for oral 
delivery of paclitaxel. Macromol Res. 
2013;21:1331-7.  

25. Teow HM, Zhou Z, Najlah M, Yusof SR, 
Abbott NJ, D’Emanuele A. Delivery of 
paclitaxel across cellular barriers using a 

dendrimer-based nanocarrier. Int J Pharm. 
2013;441:701-11.  

26. Al-Najjar BY, Hussain SA. Chitosan 
microspheres for the delivery of 
chemotherapeutic agents: paclitaxel as a 
model. Asian J Pharm Clin Res. 
2017;10:1-5.  

27. Kulkarni PR, Yadav JD, Vaidya KA. 
Liposomes: a novel drug delivery system. 
Int J Curr Pharm Res. 2011;3:10-8.  

28. Mohammed AR, Weston N, Coombes 
AGA, Fitzgerald M, Perrie Y. Liposome 
formulation of poorly water soluble drugs: 
optimisation of drug loading and ESEM 
analysis of stability. International Journal of 
Pharmaceutics. 2004;285(1-2):23-34. 

29. Knights KM, Mangoni AA, Miners JO. 
Defining the COX inhibitor selectivity of 
NSAIDs: implications for understanding 
toxicity. Expert Review of Clinical 
Pharmacology. 2010;3(6):769-776. 

30. Bhatia A, Singh B, Raza K, Shukla A, 
Amarji B, Katare OP. Tamoxifen-loaded 
novel liposomal formulations: evaluation of 
anticancer activity on DMBA-TPA induced 
mouse skin carcinogenesis. J Drug Target. 
2012;20:544-50.  

31. Carbone C, Tomasello B, Ruozi B, Renis 
M, Puglisi G. Preparation and optimization 
of PIT solid lipid nanoparticles via 
statistical factorial design. Eur J Med 
Chem. 2010;49:110-7.  

32. Hermans K, Van den Plas D, Everaert A, 
Weyenberg W, Ludwig A. Full factorial 
design, physicochemical characterisation 
and biological assessment of cyclosporine 
loaded cationic nanoparticles. Eur J Pharm 
Biopharm. 2012;82:27-35.  

33. Krishnaiah D, Bono A, Sarbatly R, 
Nithyanandam R, Anisuzzaman SM. 
Optimisation of spray drying operating 
conditions of Morinda citrifolia L. Fruit 
extracts using response surface 
methodology. J King Saud Univ. 
2012;27:26-36.   

34. Minitab. What is a Response Surface 
Design; 2016.  
Available:http://www.support.minitab.com/e
n-us/minitab/17/ topic-library/modeling-
statistics/doe/response-
surfacedesigns/what-is-a-response-
surface-design. [Last accessed on 10 Nov 
2017].  

35. Ghanbarzadeh S, Valizadeh H, Zakeri 
Milani P. Application of response surface 
methodology in the development of 
sirolimus liposomes prepared by thin film 



 
 
 
 

Pal et al.; J. Adv. Med. Med. Res., vol. 35, no. 22, pp. 287-300, 2023; Article no.JAMMR.108477 
 
 

 
300 

 

hydration technique. BioImpacts 
2013;3:75-81.  

36. Sudhakar B, Krishna MC, Murthy KV. 
Factorial design studies of antiretroviral 
drug-loaded stealth liposomal injectable: 
PEGylation, lyophilization and 
pharmacokinetic studies. Appl Nanosci. 
2016;6:43-60.  

37. Dua JS, Rana AC, Bhandari AK. 
Liposome: Methods of preparation and 
applications. Int J Pharm Stud Res. 
2012;3:14-20.  

38. Damai RS, Silvia S, Etik M. Optimization of 
luteolin-loaded transfersome using 

response surface methodology. Int J Appl 
Pharm. 2017;9(Suppl):107-11.  

39. Majumdar S, Debnath R, Bhattacharjee A, 
Banerjee A, Patro CS. Statistical 
optimization and characterization of 
prepared Fluconazole topical liposomal gel 
for improved skin permeation. Pelagia Res 
Lib. 2014;5:42-55.  

40. Tatode AA, Patil AT, Umekar MJ,            
Telange DR. Investigation of effect of 
phospholipids on the physical and 
functional characterization of paclitaxel 
liposomes. Int J Pharm Pharm Sci. 
2017;9:141-6. 

_________________________________________________________________________________ 
© 2023 Pal et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/108477 

http://creativecommons.org/licenses/by/4.0

