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ABSTRACT 

Objective: This research specifically targets the development of a microemulsion formulation with critical quality attributes, i. e., optimal particle 
size distribution, drug content, and controlled release characteristics. The aim is to enhance the topical delivery of desonide. 

Methods: Oil selection was carried out using the phase titration method for determining the appropriate Smix ratio, followed by the construction of 
ternary phase diagrams. A D-optimal mixture design was employed, considering oil, Smix, and water as independent variables, while particle size, 
polydispersity index (PDI), zeta potential, % transmittance, and cumulative % drug release (CDR %) as response variables. 

Results: The optimized microemulsion was clear and transparent with a PS 18 nm, PDI 0.42, zeta potential 13.00mV, and transmittance of 92.25%. 
This microemulsion was incorporated into a 2% Carbopol 971P gel base. The resulting gel was clear, pH 6.02, with a spreadability of 23.379 g. 
cm/sec, CDR (%) of 94.03% in 24 h. followed Higuchi drug release kinetics. Ex vivo drug permeation through porcine skin was 27.83 % in 10 h., 
showing enhanced permeation when compared with the marketed product.  

Conclusion: The developed gel possessed all desired quality attributes. The data obtained from in vitro and ex vivo studies validated its efficacy as 
an improved option over conventional products for the treatment of skin diseases. 
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INTRODUCTION 

Skin conditions affect millions of individuals globally, accounting for a 
large proportion of the global total of disease [1]. Atopic dermatitis, 
eczema, is a widespread chronic inflammatory skin disorder affecting 
children and adolescents [2, 3], with 20% of cases affecting this age 
group. Symptoms often emerge in infancy, with 70% of cases 
manifesting before the age of 5 [4]. Atopic dermatitis is often the initial 
stage of the "allergic march," a sequential progression of allergic 
conditions. Psoriasis is an inflammatory immune-mediated illness 
affecting the skin and joints, with autoimmune pathologic 
characteristics [5]. Acne is an enduring disorder affecting oil glands 
and hair sacs, with emerging evidence indicating that acne 
development involves an interplay of genetic predisposition [6], 
environmental factors, and saprophytic g-positive bacteria. Vitiligo is a 
prevalent skin syndrome characterized by the impairment of 
complexion, with non-scaly chalky-white patches on the skin [7]. 

The skin is the most commonly used route due to its accessibility 
and large surface area. These systems offer advantages like non-
invasiveness, ease of use, and reduced systemic side effects 
compared to oral or injectable methods [8]. Gels are widely used due 
to their safety, effectiveness, and patient-friendly nature [9]. Topical 
products may include foams, sprays, powders, solutions, and 
medicated adhesives. An effective formulation must be stable, 
aesthetically acceptable, capable of drug release at the target site, 
and manufacturable at a commercial scale [10]. 

Topical corticosteroids are now essential for treating a variety of 
dermatoses [11]. Desonide is a topical corticosteroid used to 
minimize redness, swelling, and itching caused by skin conditions 
that respond to steroids. It is a synthetic non-fluorinated 
corticosteroid used to treat various skin conditions [12]. Desonide's 
pharmacodynamics include anti-inflammatory, anti-itching, and 
blood vessel constricting action [13]. 

Microemulsions, introduced by Hoar and Schulman in 1940, are clear 
mixtures containing oil, aqueous, and emulsifying agents for 
pharmaceutical administration [14]. They enhance absorption and 

therapeutic efficiency, and have long-term physical stability [15]. 
Microemulsions are classified into water-in-oil and oil-in-water types. 
In W/O emulsions, water droplets are dispersed in an oil continuous 
phase, while in O/W emulsions, oil droplets are dispersed in a water 
continuous phase. The continuous phase defines the emulsion type, 
with the other acting as the dispersed phase[16]. Microemulsions can 
be made using two main techniques [17, 18]. 

The mixture design method, a type of response surface methodology, 
is used to optimize variables based on their relative proportions 
within a mixture, where the total must equal 100 [19]. These 
delivery systems are promising for parenteral, topical, transdermal, 
ophthalmic and percutaneous medication administration [20]. 
Topical use of microemulsions is increasing due to their ability to 
improve drug penetration and stability [21-23]. 

The present research aims to develop a microemulsion-based topical 
gel of desonide using D-optimal approach in experimental design-
assisted formulation optimization with an objective to increase skin 
retention, sustained drug release, enhanced drug permeation and 
effective topical drug delivery. 

MATERIALS AND METHODS 

Materials 

Desonide was obtained as a gift sample from Farambios. Peppermint 
oil was purchased from local market, Tween 80 was purchased from 
Merck Life Science Pvt Ltd., India. Cremophor RH 40 was received 
from BASF (India) and Carbopol 971P from Lubrizol (India). Marketed 
desonide gel (0.05% w/w) was obtained from a local pharmacy. All 
others chemicals used in the study were of standard grade. 

Methods 

Formulation and designing of desonide-based microemulsion 

Selection of oil 

The approximate solubility technique was used to determine 
desonide solubility in a variety of oils. This method involved 
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weighing 1 ml of each oil medium in a vial, adding a fraction of 
accurately measured desonide, and using a vortex mixer to agitate 
and mix the mixture until it became transparent. The medication 
was fully dissolved at that point; a tiny quantity was added once 

more until the drug stayed partly undissolved, and the solution 
reached saturation. The solubility of desonide was determined by 
reweighing the remaining drug [24]. The solubility of desonide in 
different oils is reported in table 1. 

 

Table 1: Different oils and their solubility in desonide 

S. No. Oil Approximate solubility (mg/ml) 
1 Peppermint oil 35 
2 Capmul MCM C8 23.5 
3 Capmul MCM 19 
4 Capmul MCM C10 19 
5 Tea Tree Oil 11 
6 Lavender Oil 10 
7 Oleic Acid 10 
8 Eucalyptus oil 6 
9 Lemon Grass Oil 4 
10 Ethyl oleate 4 
11 Neem Oil 3 
12 Tulsi oil 3 
13 Jasmine oil 3 
14 Sesame oil 3 
15 Peanut oil 3 
16 Mustard oil 2.5 
17 Isopropyl myristate 2.5 
18 Almond oil 2 
19 Rosmery oil 1.5 
20 Flax seed oil 1 
21 Olive oil 1 

 

Selection of surfactants 

Numerous types of surfactants were investigated for the 
development of desonide microemulsion, Surfactant was selected 
based on their oil accommodation capability. Using a micropipette, a 

10% solution for various surfactants was made in DM water and the 
selected oil was gradually added. First, 10 µl of oil was added, and it 
was vortexed for 10-15 min. This was done until the solution 
became milky [24]. The solubility of desonide in different 
surfactants was reported in table 2. 

 

Table 2: Oil accommodation capacity of different surfactant 

S. No. Surfactants 10 % aq. solution of surfactant (ml)  Oil accommodation capacity (µl) 
1 Polysorbate 20 1 20 
2 Tween 80 1 20 
3 Brij 35 1 10 
4 Poloxamer 188 1 10 
5 Poloxamer 407 1 10 
6 Cremophor RH 40 1 50 
7 Labrasol 1 10 
8 PEG 200 1 10 
9 PEG 300 1 10 
10. PEG 600 1 10 
11 Transcutol P 1 10 
 

Selection of cosurfactants 

The choice of co-surfactant is so important. Co-surfactant is included 
in the formulation when surfactant alone is unable to reduce 
interfacial tension or attain the dose of the drug required to form a 
stable emulsion. Using a micropipette, oil was gradually added to an 

aqueous solution of various co-surfactants and the selected 
surfactant that had been created in a 1:1 ratio. After adding 10 µl of 
oil, the mixture was vortexed for 10 to 15 min. This process was 
applied to the mixture until it became milky [24]. Oil 
accommodation capacity in different surfactant-cosurfactant 
combinations was reported in table 3. 

 

Table 3: Oil accommodation capacity of different surfactant-cosurfactant (Smix) ratio 

S. No. Surfactant and co-surfactant mixture 1:1 10 % aq. solution of (Smix) (ml) Oil accommodation capacity (µl) 
1. Cremophor RH 40: Tween 80 1 40 
2. Cremophor RH-40: Tween 20 1 30 
3. Cremophor RH-40: Butanol 1 10 
4. Cremophor RH-40: Transcutol P 1 10 
5. Cremophor RH-40: Iso propyl alcohol 1 10 
6. Cremophor RH-40: Brij 35 1 10 
7. Cremophor RH-40: PEG 200 1 30 
8. Cremophor RH-40: PEG 300 1 30 
9. Cremophor RH-40: PEG 600 1 20 
10. Cremophor RH-40: Poloxamer 188 1 10 
11. Cremophor RH-40:PG 1 10 
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Construction of pseudo ternary phase diagram for the 
formulation of desonide microemulsion 

The water titration technique was applied to deciding the 
concentration range of formulation components in the microemulsion 
region for constructing a pseudo-ternary phase diagram [25]. Purified 
water was used as the aqueous phase, surfactant and cosurfactant 
based on the drug's solubility and the compatibility between the 
surfactant, cosurfactant. The pseudo-ternary phase diagram was 

developed by testing several different Smix ratios (e. g., 1:1, 1:2, 1:3, 2:1, 
and 3:1) [26] shown in fig. 1. These ratios were mixed with 
peppermint oil using a vortex at the following proportions:.0.9:0.1, 
0.8:0.2, 0.7:0.3, 0.6:0.4, 0.5:0.5, 0.4:0.6, 0.3:0.7, 0.2:0.8, 0.1:0.9 [27]. 
Water was gradually introduced to the oil-Smix combination using a 
micropipette until the mixture became turbid or milky in appearance. 
These observations were carefully recorded and entered into Origin 
2019b software to generate the phase diagram, which enabled the 
identification of the region is shown in table 4. 

 

 

Fig. 1: Microemulsion phase diagrams using different Smix ratio, i. e., (A)1:1, (B)1:2, (C)1:3, (D)2:1, (E)3:1 
 

Table 4: Zone of microemulsion region in pseudo-ternary phase diagram 

S. No. Oil to smix ratio Zone of microemulsion region (%) 
1 1:1 52.99% 
2 1:2 57.95 % 
3 1:3 60 % 
4 2:1 61.66 % 
5 3:1 46.03 % 
 

Formulation optimization by D-optimal mixture design 

Design expert 13 software was used for the experimental design in this 
study [28]. A different kind of response surface methodology is called a 
mixture design. In such mixtures, the composition of individual 
components varies, and the outcomes or responses are influenced by 
the proportion of each ingredient present. Polynomial models were 
constructed using a single block d-optimal mixture design with 5 
replicate points [29]. Three different independent variables were 

administered at maximum and minimum levels: A (oil), B (Smix), and C 
(water). A, B, and C total remained at 100%[30]. This approach works 
well to select the ideal microemulsion composition and evaluate the 
effects of mixture composition modifications shown in table 5. This 
design includes a 16-run model that helps to understand how the 
ingredients in the formulation affect key factors like the size of the 
particles, their uniformity (polydispersity index), the charge on the 
particles (zeta potential), how clear the microemulsion is 
(transmittance), and how much of the drug is released over time [19]. 

 

Table 5: Independent and response variables of D-optimal mixture design 

Independent variable  Unit  Limit 
Lower limit  Higher limit  

Oil ml 5 15 
Smix ml 55 80 
Water ml 15 30 
Response variable Unit  Desired constraints 
Particle size Nm Target  
Polydispersity index - Minimum 
Zeta potential  mV Maximum 
Transmittance % Maximum 
Cumulative % drug release  % Maximum 
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Statistical model fitting 

The software suggested 16 optimization batches were prepared and 
evaluated for all 5 response variables (R1 to R5) shown in table 6. 
The formulation of the microemulsion was carried out employing 

the phase titration method. The observations of response variables 
were fed into the software. Experiments were done three times, and 
data were expressed as mean value±SD. ANOVA was used to analyse 
the statistical data and p-value of less than 0.05 was significant [31, 
32].

 

Table 6: Model fitting and ANOVA of measured response variable of software designed desonide microemulsion formulations 

Response variable  Model  Sequential p-value  Lack of fit p-value  Adjusted R2 value  Predicted R2 value  Remarks  
Mean particle size (R1) Linear 0.4420 0.6592 -0.0177 -0.2778  

Quadratic 0.2325 0.7926 0.1214 -0.4142 Suggested 
Special Cubic 0.6721 0.7162 0.0441 -0.6377  

Polydispersity index 
(R2) 

Linear 0.8229 0.4043 -0.1198 -0.4547  
Quadratic 0.0365 0.8565 0.3556 -0.1837 Suggested 
Special Cubic 0.5614 0.8123 0.3118 -0.3634  

Zeta potential (R3) Linear 0.9090 0.1519 -0.1370 -0.6090  
Quadratic 0.0082 0.6592 0.5218 0.1309 Suggested 
Special Cubic 0.2338 0.7225 0.5501 0.1219  

Transmittance (R4) Linear <0.0001 0.0087 0.8370 0.7682  
Quadratic 0.0112 0.0437 0.9268 0.8760  
Special Cubic 0.0489 0.0864 0.9484 0.9080  
Cubic 0.0293 0.9966 0.9810 0.9699 Suggested 

Cumulative % drug 
release at 24h (R5) 

Linear 0.5221 0.8803 -0.0441 -0.4060  
Quadratic 0.3619 0.9450 0.0002 -0.9043 Suggested 
Special Cubic 0.6469 0.9143 -0.0839 -1.1747  

 

Table 7: The D-optimal design based microemulsion formulations and their observed response 

 S. No. Formulation component Response variable 
Oil 
(ml) 

Smix 

(ml) 
Water (ml) Mean particle size 

(nm) 
 Zeta 
potential (mV) 

PDI Transmittance 
% 

CDR % at 24 h 
±SD 

DS/ME/01 12.51 72.49 15 89 -23 1.67 85.4 84.77±0.61 
DS/ME/02 5 65 30 18.5 12 0.03 87.43 79.77±0.39 
DS/ME/03 5 80 15 55.3 -19 1.02 97.54 82.82±0.2 
DS/ME/04 15 55 30 88 -27 0.82 81.21 76.91±0.28 
DS/ME/05 5 70.99 24.01 55.3 21 0.01 94.12 85.86±0.35 
DS/ME/06 10 60 30 233 10 1.06 88.54 83.44±0.16 
DS/ME/07 15 64.84 20.16 73.9 36 0.005 83.4 89.34±0.85 
DS/ME/08 5 75.74 19.26 74 26 0.19 95.44 89.07±0.42 
DS/ME/09 10 60 30 83 15 1.67 88.43 85.1±0.9 
DS/ME/10 5 65 30 24.12 25 0.02 89.53 96.57±0.3 
DS/ME/11 15 60.09 24.91 90 27 0.01 83.1 89.07±0.85 
DS/ME/12 9.19 71.19 19.62 94 19 1.06 88.63 79.22±1.02 
DS/ME/13 5 80 15 128 -21 1.02 98.92 97.2±0.11 
DS/ME/14 12.51 72.49 15 153.2 29.3 0.26 84.92 98.59±0.2 
DS/ME/15 9.45 67.09 23.46 50 15 0.07 89.54 75.54±0.26 
DS/ME/16 15 55 30 93 -29 0.07 81.3 87.71±1 

 

Characterizations of microemulsion 

Determination of particle size, polydispersity index and zeta 
potential  

Particle size analyser (Nanotrac wave II) was used to evaluated the 
particle size, PDI and zeta potential of optimization batches of the 
microemulsion. 1 ml of microemulsion formulation was diluted with 
1 ml of distilled water (1:1). After gentle shaking, around 2 ml of the 
formed microemulsion was transferred into the sample cell to 
determine the particle size. 

Determination of % transmittance 

The % transmittance value that is closer to 100 indicates that the 
microemulsion formulation is transparent and clear. A UV-visible 
spectrophotometer was used to determine the % transmittance at a 
specific wavelength of 650 nm. 

DSC study 

DSC is a thermo-analytical method used to evaluate the purity of a 
sample and its compatibility with other components. This method 
was also utilized to investigate any significant differences in the 
thermal characteristics of both the drug and its excipients [33]. The 

analysis of the desonide drug sample and its physical mixture with 
Carbopol 971 was performed using a DSC. (Perkin Elmer 6000, 
Waltham, MA, USA) 

Transmission electron microscope (TEM) analysis 

To prepare a grid for transmission electron microscopy (TEM) 
analysis, start by handling the grid carefully to avoid any 
contamination or physical damage [34]. If the sample is too 
concentrated, it can dilute it with distilled water to reach a better 
concentration. Then, using a pipette, place a small droplet (around 
2–5 μl) of the sample onto the surface of the grid. Let it sit for 1–2 
min so that the particles or cells have time to stick to the grid. After 
this short adsorption time, carefully remove any extra liquid by 
touching the edge of the grid with filter paper. This helps prevent the 
formation of a thick layer that could interfere with imaging. If 
needed, you can add a drop of negative stain to improve contrast, 
and then allow it to dry. After staining, let the grid air dry 
completely, either by leaving it at room temperature or by gently 
blowing air over it. Once the grid is dry, inspect it to make sure the 
sample is evenly spread and looks good for imaging. If everything 
looks fine, place the grid in a holder or a sealed container to protect 
it from dust and contamination. The grid is now ready for TEM 
under the best conditions for high-quality imaging. 
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In vitro drug release study 

The release properties of the developed microemulsions were 
characterized using a membrane diffusion system. A specially 
processed cellulose membrane (Himedia) with selective 
permeability (12-14 kDa) [35] was prepared through multiple 
purification stages. Initially, it was rinsed with running water for 3-4 
h to remove any glycerin, then treated with a 0.3% sodium sulfite 
solution at 80 °C for 1 min to eliminate sulfur compounds. After this, 
the membrane was first washed with hot water at 60 °C for 2 min, 
then treated with 0.2% sulfuric acid. This was followed by a second 

rinse with hot water to ensure removal of any acid residues. 
Subsequently, the membrane was stored in saline PBS (pH 7.4) [36] 
containing SLS For the release experiments, precisely measured 1 ml 
samples of each formulation were loaded into the dialysis system 
containing 250 ml of release medium PBS with SLS. The apparatus 
was maintained at physiological conditions 37 ± 0.5  °C with 
continuous gentle mixing at intervals from 30 min to 24 h [37]. 5 ml 
samples were collected for analysis and replaced with fresh media 
[38] to maintain consistent conditions shown in fig. 2. Drug 
concentration was determined through a UV-Visible 
spectrophotometer.

 

 

Fig. 2: Schematic presentation of in vitro drug release study of desonide based microemulsion by dialysis bag method 

 

Preparation of optimized desonide based microemulsion 

The software identified an optimized composition for the desonide-
based microemulsion with the highest desirability value. This 
formulation comprised % of oil, Smix, and water. Based on this 
prediction, the optimized formulation was prepared and 
subsequently evaluated for all response variables. To validate the 
optimization process, the experimentally obtained response data 
were compared with the software-predicted values. 

Development of a topical gel formulation of desonide 

For enhanced topical utility, the optimized microemulsion was 
incorporated into a gel formulation. Gelling agents are employed to 
enhance the viscosity of microemulsion systems, thereby improving 
their adherence to the skin and prolonging their residence time. In the 
formulation of the gel base, several polymers were utilized including 
Carbopol 934, Carbopol 940, Carbopol 971P at concentrations of 2, 2.5 
and 3% as well as xanthan gum 1% and polycarbophil 2%. These 

polymers were hydrated in water for a period of 12 h to ensure full 
swelling. A microemulsion-based gel was prepared by combining the 
optimized desonide microemulsion with the gel base [39]. 

Evaluations of the developed microemulsion-based gel 
formulation of desonide 

Physical appearance 

The physical appearance of the desonide microemulsion gel was 
visually assessed under bright light to assess its consistency, clarity, 
and overall uniform distribution. 

pH determination 

The pH of the desonide microemulsion gel was calculated using a 
digital pH meter [40] (CyberScan 510) as illustrated in fig. 3. This 
was achieved by preparing a 1% aqueous solution of the gel for 
topical application. A pH close to the normal skin pH is essential to 
ensure compatibility and minimize irritation. 

 

 

Fig. 3: Schematic presentation of a pH meter 
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Determination of spreadability 

In the assessment of topical formulations, spreadability is a key attribute 
that indicates the uniform distribution and consistency of the product 
[41]. A texture analyzer (TA-XT plus), illustrated in fig. 4 was utilized to 

determine the spreadability of the desonide microemulsion gel. This 
parameter defines the extent to which the gel can be evenly spread when 
applied to the skin or the target area [42]. Spreadability plays a vital role 
in ensuring smooth application and adequate coverage, making it an 
important consideration in the evaluation of topical gel formulations. 

 

 

Fig. 4: Schematic presentation of texture analyzer 
 

In vitro drug release and kinetic model 

In vitro drug release characteristics of the developed microemulsion gel 
and commercial product were estimated using a dialysis membrane 
technique. In saline PBS (pH 7.4) containing sodium lauryl sulfate (SLS) 
as described earlier. The in vitro release profile of desonide from the 
microemulsion formulation was systematically analyzed using five 
distinct kinetic models to elucidate the mechanism and pattern of drug 
release. These models included Zero-order, First-order, Higuchi, Hixson-
Crowell, and Korsmeyer-Peppas equations, each offering a different 
theoretical approach to interpreting drug release behavior from 
pharmaceutical dosage forms [43, 44]. Different kinetic models were 
assessed by their R² values, and the model with the best correlation was 
selected to describe the drug release kinetics [45]. 

Ex vivo drug permeation study of a developed microemulsion-
based gel formulation of desonide 

To evaluate drug penetration, an ex vivo study was performed using 
Franz diffusion cells with pig ear skin [46]. The skin samples, 
collected from a nearby slaughterhouse, were cleaned with cold tap 
water and gently shaved to eliminate hair. After sizing to fit the 
diffusion cells, the skin pieces were carefully positioned with the 
outer layer (stratum corneum) facing the chamber and the inner 

layer (dermis) in contact with the receiving solution. The receptor 
compartment was filled with saline PBS (pH 7.4) containing a SLS 
[39] (illustrated in fig. 5) and maintained at physiological conditions 
(37±0.5 °C). Equal amounts (1 g each) of microemulsion gel and 
commercial desonide gel were applied to separate donor chambers. 
At scheduled intervals (from 30 min to 24 h), 5 ml samples were 
collected from the receiver solution and promptly replaced with 
fresh medium to maintain consistent conditions. The amount of drug 
that permeated through the skin was measured by analyzing the 
samples at 247 nm using a UV spectrophotometer. A similar 
permeation study of a marketed product was also done for 
comparison purposes. The following formula was used to obtain the 
apparent skin permeability coefficient of the marketed formulation 
and the microemulsion gel formulation [47].  

Jss =
dQ
dt

/A 

Papp = Jss/Co 

In this equation, dQ/dt shows how fast the drug moves into the 
receptor side over time (ug/h), the initial concentration of drug in 
the donor side in C0 (ug/cm2), and A is the area where the drug 
passes through, which is 2. 35 cm2. 

 

 
Fig. 5: Diagrammatic representation of Franz diffusion cell 
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RESULTS AND DISCUSSION 

Selection of microemulsion components 

The solubility of desonide in various oils was assessed, with the 
results show in fig. 6. Among the tested oils, peppermint oil 
exhibited the highest solubility for desonide (35 mg/ml) and was 
therefore selected as the oil phase for the development of the 
microemulsion system. 

The oil solubilization capacity of different surfactants, evaluated as 
10% aqueous solutions, is presented in fig. 7. For the formulation of 
oil-in-water (O/W) microemulsions, surfactants with hydrophilic-
lipophilic balance (HLB) values exceeding 10 are generally 
preferred. Among the evaluated surfactants, Cremophor RH 40 
demonstrated superior emulsification ability and the highest 
capacity to solubilize peppermint oil, making it the surfactant of 
choice for further formulation work. 

 

 

Fig. 6: Solubility of drug in 1 ml of different oil 
 

 

Fig. 7: Oil accommodation capacity of different surfactants (in 1 ml 10% w/v aqueous solution) 
 

To identify an appropriate co-surfactant, various candidates were 
combined with Cremophor RH 40 in a 1:1 ratio and assessed for their 
oil accommodation capacity. As shown in fig. 8, the combination of 

Cremophor RH 40 with Tween 80 exhibited the highest peppermint oil 
incorporation. Consequently, Tween 80 was selected as the co-
surfactant for the optimized microemulsion formulation. 

 

 

Fig. 8: Oil accommodation capacity of different Smix, 1:1 ratio (in 1 ml of 10% aqueous solution) 
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Selection of optimum Smix ratio by the pseudo-ternary phase 
diagram 

To assess microemulsion formation, pseudo-ternary phase diagrams 
were developedusing peppermint oil, water, and Smix(a blend of 
Cremophor RH 40 and Tween 80) at different weight proportions, 
such as 1:1, 1:2, 1:3, 2:1, and 3:1. These diagram (fig. 9), shows the 
dark (black) regions indicate turbid emulsions, while the clear 
(white) regions represent the microemulsion forming zones. Among 
the tested Smix ratios, the 2:1 (surfactant: co-surfactant) combination 
yielded the largest microemulsion region, occupying 61.66 % of the 
diagram area, as shown in table 4. Based on this observation, the 2:1 
Smix ratio was selected as the optimal composition for the 
development of the microemulsion system. 

 

 

Fig. 9: Pseudo-ternary phase diagram of microemulsion using 
2:1 Smix ratio 

Optimization of desonide based microemulsion formulation 

A total of 16 trial batches of desonide-based microemulsions were 
formulated using the D-optimal mixture design and prepared via the 
phase titration method, employing varying proportions of oil, Smix, 
and water. For formulation optimization, specific constraints were 
defined within the design software: a target range for particle size 
(R1), minimized polydispersity index (PDI) (R2), maximized zeta 
potential (R3), maximized % transmittance (R4), and maximum 
cumulative drug release as shown in table 7. 3D response surface 
plots for each response variable illustrate the influence of the 
independent formulation variables and their interactions on the 
respective responses. Each response parameter for the desonide-
based microemulsion was analyzed individually and is discussed in 
detail below. 

Effect of the independent variables on mean particle size (R1) 

The following quadratic model equation of Design Expert application 
used to represent the relationship between the mean particle size (R1). 

R1=-747.999 A+93.687 B+123.3 C+1332.24 AB+1385.24 AC-
308.445 BC 

The particle size ranged from 18.5 to 233 nm across the batches 
(DS/ME/01-DS/ME/16) as shown in table 7. Independent variables 
associated with positive coefficients contribute to an increase in the 
mean particle size, whereas those with negative coefficients exert a 
diminishing effect. The results of this study indicate that a lower oil 
content leads to the formation of smaller globule sizes [48]. Increasing 
the concentration of Smix ratio generally leads to decrease particle size. 
As the oil concentration rises, the particle size of the desonide 
microemulsion increases. A lower oil content favors the formation of 
smaller globules due to efficient surfactant coverage, lower viscosity, and 
reduced coalescence. As oil concentration increases, insufficient 
emulsification and internal phase crowding lead to larger globule sizes in 
the desonide microemulsion as shown in fig. 10. 

 

 

Fig. 10: 3D surface plots demonstrating the impact of oil (A), Smix(B), and water (C) on particle size of microemulsion 

 

Effect of independent variable on polydispersity index (R2) 

The design expert-13 application used to follow the quadratic model 
equation to represent the relationship between PDI and various 
degrees of independent variables. 

R2 =-13.0088 A+0.975868 B+2.07576 C+19.8082 AB+18.9217 AC-
6.39548 BC 

The polydispersity index ranged from-29 to+36 across the batches 
(DS/ME/01-DS/ME/16) as shown in table 7. Independent variables 
associated with positive coefficients contribute to an increase, whereas 
those with negative coefficients exert a diminishing effect. Increasing Smix 
ratio formulation leads to a decrease in PDI. While the oil content rises, 
the PDI of desonide microemulsion increases and increasing. Generally, 
more water content leads to higher PDI as shown in fig. 11. 

Effect of independent variable on zeta potential (R3) 

The design expert-13 software used to follow a particular quadratic 
model equation to explain the relationship between the zeta 
potential (R3) and various degrees of independent variables.  

R3= 43.21 A-20.8411 B-78.8848 C+38.3229 AB+42.3962 
AC+316.004 BC 

The Zeta potential ranged from 0.005 to 1.671 across the batches 
(DS/ME/01-DS/ME/16) as shown in table 7. Independent 
variables associated with positive coefficients contribute to an 
increase, whereas those with negative coefficients exert a 
diminishing effect. Increasing oil content leads to a decrease in the 
magnitude of zeta potential, as well as increasing water content, as 
shown in fig. 12. 
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Fig. 11: 3D surface plots depicting effect of oil (A), Smix (B), and water (C) on polydispersity index of microemulsion 

 

 

Fig. 12: 3D surface plots demonstrating the impact of oil (A), Smix (B), and water (C) on the zeta potential of microemulsion 
 

Effect of independent variable on % transmittance (R4) 

The design expert-13 application used to follow the cubic model 
equation to explain the relationship between different values of 
independent variables and the % Transmittance (R4). 

R4=363.63 A+98.23 B+46.2643 C-532.162 AB-482.058 
AC+78.4925 BC+489.103 ABC-225.082 AB(A-B)-494.551 AC(A-C)-

53.9887 BC(B-C) 

The transmittance ranged from 81.21% to 98.92% across the batches 
(DS/ME/01-DS/ME/16) as shown in table 7. The transmittance of 
desonide microemulsion increased as the oil content decreased and the 
amount of surfactant mixture increased. This is because surfactants 
reduce interfacial tension between oil and water, causing the oil droplets 
to become smaller. This smaller-sized droplet scatters light less, resulting 
in higher transmittance as shown fig. 13 in owing to the more effective 
emulsification of the oil into finer droplets [48]. 

 

 

Fig. 13: 3D surface plots demonstrating the impact of oil (A), Smix (B), and water (C) on the transmittance of microemulsion 
 

Effect of independent variable on cumulative % drug release 
(CDR %) (R5) 

The design expert-13 software used to follow the quadratic model 
equation to explain the relationship between cumulative % drug 
release (R5) and various levels of independent variables. 

R5=199.822 A+90.1046 B+109.15 C+-149.977 AB-253.551 AC-
50.181 BC 

The cumulative % drug release ranged from 75.54% to 98.59% 
across the batches (DS/ME/01-DS/ME/16) as shown in table 7. The 
graph shows a curved surface that illustrates how the amount of oil, 
Smix, and water affects the drug released over time. The CDR% of 
desonide microemulsion increased and decreased with decreasing 
oil and water content levels, as shown in fig. 14. The graph of the in 
vitro cumulative % drug release profile of desonide-based 
microemulsion batches is shown in fig. 15. 
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Fig. 14: 3D surface plots demonstrating the impact of oil (A), Smix (B), and water (C) on cumulative % drug release of microemulsion 
 

 

Fig. 15: In vitro cumulative % drug release profile of DS/ME-Optimization batches (mean ±SD, n=3) 
 

Optimized composition of desonide microemulsion formulation  

The prepared 16 microemulsion formulation batches, results, and all 5 
response variables of formulation were fed into the d-optimal mixture 
design, which suggests optimum microemulsion compositions and 
their properties. The final batch was selected based on the highest 
desirability value. The selected formulation’s composition and its 
maximum desirability. The microemulsion formulation optimized 

using software consisted of 14.55% oil content (peppermint oil), 70.42 
% Smix content, and 15 % water (table 8) and it was demonstrated to 
have the highest desirability value of 0.877. Both 2D and 3D contour 
plots highlighted the region with optimal formulation desirability 
shown fig. 16. The formulation based on these predicted parameters 
was prepared and analyzed for all targeted response variables. To 
confirm the reliability of the optimization process, the predicted 
outcomes were compared with the experimentally obtained values. 

 

 

Fig. 16: The optimized batch of desonide based microemulsion having the highest desirability shown in 2D contour plots and 3D response 
surface 
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Table 8: Software predicted value and experimental observed data 

Components Quantity (%) Response variable  Software predicted value Experimental observed value 
A (oil)  14.55 Particle size(nm) 86.10 18 
B (Smix)  70.42 PDI 0.30 0.42 
C (Water)  15.00 Zeta potential (mV) 12.75 13.00 
  Transmittance (%) 86.57 92.25 
  Cumulative % drug release 96.69 94.03 

 

Characterization of desonide-based microemulsion 

Particle size, polydispersity index, and zeta potential 

For topical use, microemulsions are preferred to have a particle 
size less than 100 nm, as this enhances their stability, promotes 
better drug retention in the skin layers, and improves drug 
permeation at the targeted site [49]. The droplet size of the 
optimized microemulsion was found to be 18 nm, as shown in fig. 

17. Even after a 100 times dilution with water. The particle size 
remained within the nanometric range, confirming the particle 
size compatibility with water. The PDI value was recorded at 0.42 
(table 7), which reflects a narrow droplet size distribution, 
indicating a stable and uniform system.  

The zeta potential value recorded at+13.00 mV (table 7), suggesting 
the formulation is unlikely to cause irritation or adverse interactions 
with the skin upon topical use. 

 

 

Fig. 17: Particle size distribution of optimized microemulsion formulation 
 

Determination of % transmittance 

A UV-visible spectrophotometer was used to determine the % 
transmittance at a specific wavelength of 650 nm [50]. The 
optimized formulation of desonide had been diluted 10 times with a 
continuous phase. The % transmittance of the optimized 
formulation was found to be 92.25% as shown in table 7. The 
resultant transmittance was near 100%, which exhibits stable 
microemulsion.  

Transmission electron microscope (TEM) analysis 

The TEM image fig. 18 shows spherical droplets with an average 
diameter of approximately 10-20 nm and does not show any 

aggregation between particles. Droplet size suggested a well-defined 
phase separation, which is essential for the stability of the 
microemulsion system. 

DSC study 

The DSC thermogram of pure desonide revealed a distinct 
endothermic peak which corresponds to its melting point, likewise 
carbopol 971 P showed no sharp melting peak, since carbopol is 
amorphous is nature and the physical mixture (desonide and 
carbopol 971P) The Desonide peak is slightly shifted and/or reduced 
in intensity, which suggests Partial dispersion of Desonide in the 
polymer matrix and no new peaks appear, indicating no chemical 
interaction show in fig. 19. 

 

 

Fig. 18: TEM image of optimized microemulsion 
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Fig. 19: DSC thermograph of desonide, carbopol 971P and physical mixture 
 

In vitro drug release study 

The in vitro drug release of the optimized desonide microemulsion 
was evaluated using the dialysis method [38]. The study was 
conducted in a PBS pH 7.4 containing 1% SLS. A dialysis membrane 
tube (5 cm long) was sealed at one end with a clip and, 2 ml of the 
optimized formulation was placed inside the membrane. The open 
end was sealed with another clip. The dialysis bag was immersed in 
a beaker containing 250 ml of the PBS solution, pH 7.4 with 1% SLS, 
and maintained at 37 ℃ using a magnetic stirrer. At specific time 
intervals (15, 30 min, 1, 2,3, 4, 6, 8, 10, 24 h) 5 ml of the sample was 
withdrawn from the beaker and replaced with an equal volume of 
fresh medium. The take-out samples were evaluated for desonide 
concentration using a UV-Visible spectrophotometer (Shimadzu 
1700) at 247 nm. 

Development and formulation of desonide based 
microemulsion gel 

Gelling agents are employed to enhance the viscosity of 
microemulsion systems, thereby improving their adherence to the 
skin and prolonging their residence time. In the formulation of the 
gel base, several polymers were utilized, including carbopol 934, 
carbopol 940, carbopol 971 P at concentrations of 2,2.5, and 3% as 
well as xanthan gum 1% and polycarbophil 2% [51]. These polymers 
were hydrated in water for a period of 12 h to ensure full swelling. 
Following the hydration step, the optimized desonide 
microemulsion was incorporated into the prepared gel bases 
however, no gel formation occurred. When the microemulsion was 
combined with carbopol 934, carbopol 940, or polycarbophil 
regardless of the tested concentrations in contrast, the incorporation 
of the microemulsion into the carbopol 971 P solution successfully 

resulted in gel formation. The final product exhibited a transparent 
and clear. 

Evaluations of a developed microemulsion based gel 
formulation of desonide 

Physical appearance 

The formulation appeared clear and uniform upon observation, with 
no presence of lumps or phase separation. These findings confirm 
the physical homogeneity of the gel, indicating proper formulation 
and stability. 

pH determination 

The pH value recorded for the gel was 6.02, which is within the 
typical physiological range of the skin. This compatibility suggests 
that the formulation is unlikely to cause a reaction upon local 
application making it acceptable for dermal use. 

Determination of spreadability 

In the assessment of topical formulations, spreadability is a key 
attribute that indicates the uniform distribution and consistency of 
the product. A texture analyzer (TA-XT plus) was utilized to 
determine the spreadability of the desonide microemulsion gel. This 
parameter defines the extent to which the gel can be evenly spread 
when applied to the skin or the targeted area. Spreadability plays a 
vital role in ensuring smooth application and adequate coverage, 
making it an important consideration in the evaluation of topical gel 
formulations. The spreadability of microemulsion gel was observed 
to be 23.379 g. cm/sec as graphically show in fig. 20. The result 
indicates that microemulsion gel has good spreadability. 

 

 

Fig. 20: Graphical representation of the spreadability of microemulsion gel 

http://g.cm/sec�
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In vitro drug release and kinetic model fitting 

Over a 24 h in vitro release study, the desonide microemulsion gel 
exhibited a total drug release of 94.32%, while the marketed gel 
formulation released 77.32% as shown fig. 21.  

This significant difference in release profiles suggests that the 
microemulsion-based gel enables more efficient and sustained 
drug delivery. The in vitro release profile of desonide from the 
microemulsion formulation was systematically analyzed using five 
distinct kinetic models to elucidate the mechanism and pattern of 
drug release. These models included Zero-order, First-order, 

Higuchi, Hixson-Crowell and Korsmeyer-Peppas equations fig. 22. 
Each offering a different theoretical approach to interpreting drug 
release behavior from pharmaceutical dosage forms facilitates 
visual comparison of model fitting. The R2 values for the various 
kinetic models and were found to be in the range of zero-order 
(0.875), first order (0.978), Higuchi (0.985), Hixson-Crowell 
(0.984), Korsmeyer-Peppas (0.935) as shown in table 9. It is clear 
that the drug release of desonide from the microemulsion based 
gel properly complies with the Higuchi model because the drug 
release profile showed the best fit to the regression line, with the 
highest R² value (R2) of 0.985. 

 

 

Fig. 21: Comparative in vitro release of developed microemulsion based gel formulation of desonide with marketed gel product (mean 
±SD, n=3) 

 

 

Fig. 22: The drug release kinetic model of desonide based microemulsion formulation 
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Table 9: Kinetic behaviour of developed desonide based microemulsion gel 

S. No.  Drug release kinetic model Equation k R2 
1.  Zero-order  Q0 – Qt = k0t 0.05 0.875 
2.  First order  log Qt = logQ0 – kt/2.303 0.01 0.978 
3. Higuchi  Q0 – Qt = kt1/2 2.36 0.985 
4.  Hixson-Crowell Q01/3 – Qt1/3 = kt 0.02 0.984 
5.  Korsmeyer-Peppas Log (Q0 – Qt) = log k+n log t 0.57 0.935 

k is rate constant; t is time; Q0 is initial drug amount; Qt is drug amount remaining at time 

 

Ex vivo drug permeation of the developed gel formulation 

The developed desonide-based microemulsion gel in this study 
demonstrated significantly improved skin permeation [47]. When 
compared to the commercially available desonide formulation over a 
10 h duration. The cumulative permeation achieved by the marketed 
product was 20.42 % whereas the microemulsion-based gel reached 

27.83 %. A graphical comparison of ex vivo drug permeation between 
the formulated product and the marketed counterpart is presented in 
fig. 23 and as shown in table 10. The apparent permeability (Papp) and 
permeation flux (Jss) of the developed formulation were found to be 
2.017(μg·cm⁻²·h⁻¹) and 0.2017(cm·s⁻¹) respectively, the developed 
formulation provides a 4% enhancement in Jss and a 5% enhancement 
in Papp compared to the marketed product. 

 

Table 10: Ex-vivo drug permeation data of developed formulation and marketed product 

S. No. Sample Jss (μg·cm⁻²·h⁻¹) Papp (cm·s⁻¹) 
1. Developed formulation 2.01 0.20 
2. Marketed product 1.94 0.19 

 

 

Fig. 23: Ex vivo permeation profile of microemulsion based gel formulation and marketed gel product (mean ±SD, n=3) 

 

CONCLUSION 

An optimized, sustained-release microemulsion for desonide was 
developed. Using a D-optimal design, the formulation metal quality 
targets, including particle size and drug release. The release was 
sustained and followed the Higuchi model, demonstrating its 
potential for effective topical delivery. Ex vivo permeation studies 
revealed that the optimized gel enhanced drug permeation 
compared to the marketed formulation, suggesting potential benefits 
for improved localized therapy, patient compliance, and therapeutic 
outcomes. Its favourable characteristics, such as physical stability, 
ease of use, and better skin retention, contribute to enhanced patient 
adherence and satisfaction. Moreover, the sustained release profile 
supports once-daily application, improving treatment outcomes for 
chronic inflammatory skin disorders. 
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