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Article Information  ABSTRACT 
Received: 17th March 2026  Background: Topical drug delivery systems provide site-specific therapy with reduced systemic 

exposure. Nanosponges have emerged as promising carriers owing to their porous structure, enabling 

improved drug stability, bioavailability, and sustained release. Apremilast, a phosphodiesterase-4 

(PDE4) inhibitor with anti-inflammatory activity, has potential for topical wound management when 

formulated as a controlled-release delivery system. Methods: Apremilast-loaded nanosponges were 

prepared by the emulsion solvent diffusion method using Ethyl Cellulose (EC) and Polyvinyl Alcohol 

(PVA). A 3² factorial design was used to optimize the EC: PVA ratio and sonication time. Formulations 

were evaluated for particle size, entrapment efficiency, zeta potential, in vitro drug release, and surface 

morphology. Characterization included UV spectroscopy, FTIR, XRD, DSC, and SEM. Drug release 

kinetics were analyzed using mathematical models. Results: Preformulation studies confirmed drug 

purity and compatibility with excipients. The optimized formulation (NS8) exhibited a particle size of 

213.85 nm, an entrapment efficiency of 82.75%, a zeta potential of −33.3 mV, and a sustained drug 

release of 95.85% over 24 h. SEM revealed spherical porous nanosponges, while FTIR, XRD, and DSC 

confirmed drug integrity and formulation stability. Response surface analysis demonstrated significant 

effects of formulation variables on performance. Drug release followed the Higuchi model (R² = 0.987), 

and the Korsmeyer–Peppas exponent (n = 0.58) indicated anomalous non-Fickian diffusion. 

Conclusion: Apremilast-loaded nanosponges demonstrated sustained drug release, excellent stability, 

and favorable physicochemical characteristics, indicating their potential as an effective topical delivery 

system for wound management. Further ex vivo, in vivo, and clinical studies are required to confirm 

therapeutic efficacy and safety. 
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INTRODUCTION 
Wound healing is a complex biological process involving 
inflammation, proliferation, and tissue remodeling. Wound 
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healing must occur properly, which can be a significant 
challenge and burden for healthcare systems. Medicare 
estimated that the cost of treating both acute and chronic wounds 
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will be between $28.1 billion and $96.8 billion in 2014 [1,2]. 
Wound healing is a set of consecutive occurrences. Initially, 
bleeding and clotting ensue, followed by the activation of an 
acute inflammatory response to repair the original injury [3]. 
Extracellular matrix proteins are then generated & the new 
parenchyma & connective tissue are remodeled.  In this process, 
both connective tissues undergo remodeling, migration, and 
regeneration. This process involves remodeling, migration, 
regeneration, and proliferation. Both connective tissue and 
parenchymal cells proliferate, migrate, and regenerate during 
this process [4,5]. 
 
Collagen deposition is another crucial element. Lastly, 
parenchymal cells and collagen deposition are crucial elements. 
Ultimately, these coordinated stages lead to the healing of 
damaged tissues, which fortifies a wound in a systematic way 
[6]. 
 
Topical drug delivery is the technique of applying a medication-
containing formulation directly to the skin to treat a wide range 
of cutaneous problems, including acne. It can be both therapeutic 
and patient-friendly [7]. Targeted drug distribution to specific 
skin patches affected by localized ailments has proven effective. 
The skin is the primary organ for delivering topical drugs 
because it is the most accessible site for treating localized 
ailments [8,9]. Topical drug application is common to prevent 
several illnesses or ailments. These products include semi-solid 
formulations utilized in topical drug delivery systems, such as 
ointments, creams, powders, sprays, gels, and medicated 
adhesive systems [10].  
 
Materials that resemble sponges and have tiny holes with an 
average diameter of less than 1μm are called nano-sponges [11]. 
A sponge can be a long polyester strip dissolved in a fluid 
containing crosslinkers, which act as microscopic hooking 
snares to hold various polymer components together. A 
nanosponge is similar to three-dimensional structures [12].  
 
These tiny sponges may circulate throughout the body until they 
reach a specific location, adhere to the skin, and, in some cases, 
begin releasing medication. Because the drug is released at a 
specific target site rather than circulating throughout the body, it 
is more effective at a given dose. Within their network, NS may 
bind less-soluble medications, thereby increasing their 
bioavailability. They are also very good at entrapping a wide 
range of excipients [13].  

The FDA has authorized a novel drug, apremilast, which inhibits 
phosphodiesterase 4 enzymes and increases cAMP levels [14]. 
Tumor necrosis factor alpha (TNF) production by human 
rheumatoid synovial cells is spontaneously suppressed as a result 
of phosphodiesterase-4 inhibition. The development of 
Apremilast-loaded nanosponges may improve drug stability, 
sustain drug release, and potentially enhance topical delivery 
characteristics [15]. Topical amphotericin B nanosponge gel 
penetrates the skin and helps deliver a higher therapeutic dose 
through the epidermis [16].  
 
The advantages of utilizing experimental design to optimize 
nanoparticles include fewer experiments, the construction of 
mathematical models to estimate the statistical significance 
&importance of factor effects, and the assessment of component 
interaction effects [17]. A two-factor, three-level experimental 
strategy was used to optimize the NS synthesis procedure.  
 
MATERIAL AND METHODS 
Materials 
The materials listed below were obtained from the specified 
sources without further purification. Apremilast was obtained 
from INSCHEM, which is based in Lucknow, Uttar Pradesh, 
India. The remaining chemicals utilized were analytical reagent 
grade. 
 
Methods 
Pre-formulation research 
Pre-formulation studies of apremilast included physicochemical 
and compatibility characterization [18]. The melting point was 
determined using the capillary method in a liquid paraffin bath, 
and the temperature at complete melting was recorded [19]. 
Solubility was evaluated by the shake-flask method in water, 
ethanol, isopropyl myristate, and octanol. For UV–visible 
spectroscopic analysis, a standard stock solution (100 µg/mL) 
was prepared in ethanol and diluted to 1–6 µg/mL; spectral 
scanning was performed over 200–400 nm to determine the 
absorption maximum. Fourier Transform Infrared (FT-IR) 
spectroscopy was conducted using the KBr pellet method to 
identify characteristic functional groups and confirm structural 
integrity [20,21]. Drug–excipient compatibility was assessed by 
storing a 1:1 physical mixture in hermetically sealed vials at 
ambient conditions for four weeks, followed by FT-IR analysis 
[22].  X-ray diffraction (XRD) was performed to evaluate 
crystallinity and diffraction patterns of the pure drug [23]. 
Differential scanning calorimetry (DSC) analysis was carried 
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out using sealed aluminum pans, heated from 50–300 °C at 5 
°C/min under nitrogen purge (30 mL/min), with an empty pan as 
reference [24,25]. 
 
Formulation Development 
Preparation of Nano-emulsion as per the Experimental 
Design 
A two-factor, three-level experimental design using Design-
Expert® (v12.0.3.0) was employed to optimize the nanosponge 
formulation with only nine experimental runs, reducing time and 
resource consumption [26,27]. The independent variables were 
the relative concentration ratio of Ethyl Cellulose (EC) in the 

organic phase to Polyvinyl Alcohol (PVA) in the aqueous phase 
(X1) and sonication time (X2). The EC: PVA factor represents 
the polymer-to-stabilizer concentration ratio (w/v) employed 
during emulsification [28]. 
Table 1: Variables in 32 factorial design 

Factor Independent variables Levels used 
-1 0 +1 

Concentration of EC: PVA Ratio (%) (X1) 1 3 5 
Sonication Time (X2) 10 15 20 
Dependent variables Constraints 
Particle size (nm) (Y1) Minimize 

% Entrapment Efficiency (%) (Y2) Maximize 
% Drug Release (%) (Y3) Maximize 

Table 2: Composition and observed responses in 32 factorial design 

Batch Drug 
(mg) 

Independent Factors Dependent Factors 
Concentration of EC: PVA ratio (%) Sonication Time (Min) Particle size (nm) % EE %DR 

NS1 20 5.82843 15 197.13 63.24 76.83 
NS2 20 1 10 202.6 60.22 79.81 
NS3 20 5 20 207.5 69.82 74.94 
NS4 20 1 20 229.21 60.23 91.93 
NS5 20 3 7.92893 216.13 70.91 93.41 
NS6 20 0.171573 15 211.34 61.95 82.56 
NS7 20 3 22.0711 237.42 73.22 81.56 
NS8 20 3 15 213.85 82.75 95.85 
NS9 20 5 10 208.57 65.82 88.71 

Formulation by Emulsion Solvent Diffusion Method 
Apremilast-loaded nanosponges were prepared using the 
emulsion solvent diffusion method. Ethyl Cellulose (EC) was 
incorporated into the organic phase, while Polyvinyl Alcohol 
(PVA) was dissolved in the external aqueous phase. The 
experimental factor designated as EC: PVA ratio refers to the 
relative concentrations of EC and PVA in their respective phases 
during emulsification. Apremilast was completely dissolved 
using magnetic stirring. This organic phase was added dropwise 
into an aqueous external phase containing polyvinyl alcohol 
(PVA) dissolved in 100 mL of distilled water, under continuous 
stirring at 800–1000 rpm for 2 hours. The resulting nanosponge 
dispersion was filtered and dried at 40°C for 24 hours. The dried 
powder was collected and used for further characterization 
studies. 
 
EVALUATION OF NANOSPONGE 
Percentage encapsulation efficiency 
When evaluating the efficacy of a medication delivery strategy, 
encapsulation efficiency is a crucial factor. This technique 
entails forming a shell around a medicine to keep it from 
leaching out before reaching its target. Encapsulation efficiency 
is the percentage of the drug that is successfully trapped within 

the nano-sponges, indicating how much medicine is efficiently 
supplied in comparison to how much is encapsulated. The drug 
was loaded. Nano-sponges were centrifuged at 13000 rpm for 40 
minutes, and the supernatant was analyzed for unbound drug 
using a UV spectrophotometer at 230 nm. The percentage 
encapsulation efficiency was then calculated. 
 
In vitro Drug release 
In vitro drug release of nanosponge (NS8) formulations was 
performed using a diffusion assembly similar to a Franz 
diffusion cell. A pre-soaked cellophane membrane was tightly 
secured over the open end of a glass tube using a rubber band to 
ensure water tightness, forming the donor compartment. 
Accurately weighed NS (100 mg) was placed in the donor 
chamber. The receptor compartment consisted of 50 mL 
phosphate-buffered saline (PBS, pH 7.1) in a 100 mL beaker, 
thermostatically maintained at 37 °C and stirred at 50 rpm. The 
donor tube was positioned vertically into the receptor medium. 
At predetermined intervals up to 24 h, 5mL samples were 
withdrawn and replaced with fresh medium to maintain sink 
conditions. Drug concentration was determined 
spectrophotometrically at 230 nm.  
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Release Kinetics 
The pharmacokinetic principle indicates that the drug release 
kinetics for dosage forms can be described by multiple equations 
corresponding to different kinetic models. 
 
Particle Morphology 
Scanning electron microscopy (SEM) is used to examine 
nanosponges' surface morphology. 
 
RESULT AND DISCUSSION 
Pre-formulation studies confirmed apremilast purity. DSC 
analysis showed a sharp endothermic melting peak at 157.25–
159.56°C, consistent with the crystalline nature of Apremilast. 
FTIR and DSC showed no drug-excipient incompatibility, while 
XRD further confirmed crystallinity. 
 
Solubility Study 
Solubility testing of Apremilast was carried out in various 
solvents including dichloromethane (DCM), ethanol, methanol, 
chloroform, acetone, octanol & water. Apremilast was found to  

be soluble in all tested organic solvents, including DCM, while 
it was insoluble in water. The results are presented in Table 3. 
The high solubility of Apremilast in DCM supported its 
selection as the organic phase solvent during nanosponge 
preparation. 
Table 3:  Solubility test for Apremilast in different solvents 

Sr. No. Solvent Soluble Status 
1 Ethanol Soluble 
2 Methanol Freely Soluble 
3 Chloroform Soluble 
4 Acetone Soluble 
5 Dichloromethane (DCM) Soluble 
6 Octanol Slightly Soluble 
7 Water Insoluble 

 
UV-visible Spectroscopy 
The absorption maximum (λmax) of apremilast was determined 
in ethanol. It was found to be 230 nm, as shown in Figure 1. The 
UV–Vis spectrum shows a strong absorption peak at ~230 nm, 
indicating key electronic transitions & enabling both qualitative 
identification & quantitative analysis of the compound. 

 
Figure 1: UV Spectrum of Apremilast 

Fourier Transform Infra-Red Spectroscopy (FTIR) 
FTIR spectrum of Apremilast showed characteristic peaks at 
1764.75 and 1705.14 cm⁻¹ (C=O stretching), 3003.02 cm⁻¹ 
(aromatic C–H stretching), and 1618.23 cm⁻¹ (C=C stretching), 

confirming the presence of key functional groups. These results 
validate the structural integrity and purity of Apremilast by 
matching with reference spectral data. The FTIR spectrum is 
shown in Figure 2. 

 
Figure 2: FTIR Spectrum of Apremilast 
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Drug-excipient compatibility studies 
FTIR spectra showed characteristic peaks of Apremilast and 
excipients, including O–H/N–H (4333.95, 3364.30 cm⁻¹), C–H 
(2888.82 cm⁻¹), C=O (1763.31 cm⁻¹), and C–O (1262.05, 
1234.67 cm⁻¹), confirming the presence of functional groups 
from the drug and polymers.No significant peak shift or 
disappearance was observed, indicatingdrug–excipient 
compatibility and successful incorporation with maintained 
formulation stability, shown in figure 3. 
 
X-ray diffraction (XRD) study 
XRD analysis of Apremilast showed sharp diffraction peaks at  

10°, 15°, 20°, and 25°, with a prominent peak at 20°, confirming 
its highly crystalline and well-ordered lattice structure.The close 
agreement with theoretical data indicates phase purity, absence 
of polymorphism, and suitability for pharmaceutical application, 
as shown in Figure 4. 
 
Differential Scanning Calorimetry (DSC) 
The DSC thermogram of Apremilast shows a sharp endothermic 
peak at 157.25–159.56°C corresponding to its melting point, 
confirming its crystalline nature and purity, with no significant 
thermal transitions before melting and decomposition occurring 
at higher temperatures (300–400°C), as shown in Figure 5. 

 
Figure 3: FTIR spectrum of drug with excipients 

 
Figure 4: XRD of Apremilast 

 
Figure 5: DSC of Apremilast 
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Formulation Development 
Experimental Design for the Formulation of Nanosponges 
32 factorial design optimized nanoparticle formulation by 
evaluating the effects and interactions of process variables, with 
the quadratic model showing the best fit for both dependent 
responses across 9 experimental runs, confirming the statistical 
significance and reliability of the optimization process. The 
adequacy of the quadratic response surface models was 
confirmed by ANOVA analysis. The developed models 
exhibited statistically significant F-values (p < 0.05), 
satisfactory coefficients of determination (R²), and non-
significant lack-of-fit values, indicating good agreement 
between the experimental and predicted responses. 
 
Effect of independent variables on particle size 
Figure 6 presents the 3D response surface plot illustrating the 
influence of formulation variables on nanosponge particle size, 
a critical determinant of drug release kinetics and absorption. 
Particle size decreased with increasing EC: PVA ratio, 
indicating that higher polymer–stabilizer ratios promote 
formation of smaller nanoparticles. Sonication time exhibited a 
nonlinear effect: particle size initially declined with increasing 
time; at extended durations, particle size stabilized or increased 
slightly. Optimal size reduction was achieved at moderate 
sonication times combined with higher EC: PVA ratios. 
Excessive sonication or low EC: PVA ratios led to particle 
enlargement, likely due to coalescence or inadequate polymer 
dispersion. 

𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = 𝟐𝟐𝟐𝟐𝟐𝟐.𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗 + 𝟏𝟏𝟏𝟏.𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔(𝑿𝑿𝟏𝟏) − 𝟑𝟑.𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐(𝑿𝑿𝟐𝟐)
− 𝟎𝟎.𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔(𝑿𝑿𝟏𝟏)(𝑿𝑿𝟐𝟐) − 𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒(𝑿𝑿𝟏𝟏)𝟐𝟐

+ 𝟎𝟎.𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐(𝑿𝑿𝟐𝟐)𝟐𝟐 − − −− − −− − −− − (𝟏𝟏) 
 
Effect of independent variables on % Entrapment efficiency: 
The 3-D response surface analysis, as shown in Figure 7,  
demonstrates that entrapment efficiency (%EE) is significantly 
influenced by both EC: PVA ratio and sonication time. %EE 
increased from 59.62% to 82.25% with higher EC: PVA ratios 
due to greater polymer availability for drug encapsulation. 
Prolonged sonication (10–20 minutes) reduced %EE, likely due 
to nanoparticle disruption or drug leakage. A higher EC: PVA 
ratio with shorter sonication achieved optimal entrapment 
efficiency. 

% 𝑬𝑬𝑬𝑬 = 𝟏𝟏𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 + 𝟐𝟐.𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕(𝑿𝑿𝟏𝟏) − 𝟕𝟕.𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕(𝑿𝑿𝟐𝟐)
− 𝟎𝟎.𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐(𝑿𝑿𝟏𝟏)(𝑿𝑿𝟐𝟐) + 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏(𝑿𝑿𝟏𝟏)𝟐𝟐

+ 𝟎𝟎.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑(𝑿𝑿𝟐𝟐)𝟐𝟐 − − − − −− − −− − − (𝟐𝟐) 
 
Effect of independent variables on % Drug Release 
Figure 8 presents the 3D response surface plot illustrating the 
effect of formulation variables on percentage drug release, 
demonstrating significant modulation of in vitro release 
behavior. 

% 𝑰𝑰𝑰𝑰 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓
= 𝟐𝟐𝟐𝟐.𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓 + 𝟐𝟐𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕𝟕𝟕(𝑿𝑿𝟏𝟏) + 𝟔𝟔.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒(𝑿𝑿𝟐𝟐)
− 𝟎𝟎.𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔(𝑿𝑿𝟏𝟏)(𝑿𝑿𝟐𝟐) − 𝟐𝟐.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎(𝑿𝑿𝟏𝟏)𝟐𝟐

− 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏(𝑿𝑿𝟐𝟐)𝟐𝟐 − − − − −− − −− − − (𝟑𝟑) 

 
Figure 6: Response 3D plots for the effect of EC: PVA ratio (X1) and sonication time (X2) on particle size 
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Figure 7: Response 3D plots for the effect of EC: PVA ratio (X1) and sonication time (X2) on % Entrapment efficiency 

 

 
Figure 8: Response 3D plots for the effect of EC: PVA ratio (X1) and sonication time (X2) on % drug release. 

 
The study demonstrates that increasing the EC: PVA ratio 
reduces drug release (90–95% to 75–85%) due to formation of a 
denser polymeric matrix, while optimal sonication time (12–14 
minutes) maximizes release efficiency, confirming that 
formulation and processing parameters critically regulate 
nanosponges' drug release kinetics. 
 
From a physiological perspective, the sustained release profile 
of the optimized Apremilast-loaded nanosponges is particularly 
relevant to the early stages of wound healing. Following tissue 
injury, the acute inflammatory phase begins immediately. It 
typically predominates during the first 24–72 hours, 
characterized by neutrophil recruitment, macrophage activation, 
and elevated production of pro-inflammatory mediators such as 

TNF-α, IL-17, and other cytokines. As Apremilast acts through 
phosphodiesterase-4 (PDE4) inhibition to modulate 
inflammatory signaling pathways, the observed sustained drug 
release of 95.85% over 24 hours may help maintain therapeutic 
drug levels at the wound site throughout the critical initial 
inflammatory period. Continuous local availability of 
Apremilast during this phase could help control excessive 
inflammation while supporting the transition toward the 
proliferative stage of tissue repair. Therefore, the 24-hour release 
window demonstrated by the optimized nanosponge formulation 
is physiologically aligned with the temporal requirements of 
early wound healing. However, this proposed benefit remains 
hypothetical and requires confirmation through appropriate in 
vivo wound-healing studies.  
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Although the optimized nanosponge formulation demonstrated 
favorable physicochemical characteristics and sustained drug 
release behavior, no ex vivo skin permeation or biological 
wound-healing studies were performed in the present 

investigation. Therefore, the observed formulation advantages 
should be interpreted as indicators of potential topical 
performance rather than direct evidence of enhanced wound 
healing efficacy. The ANOVA summary is presented in Table 4. 

Table 4: Combined ANOVA Summary for Response Surface Models 
Response Model F-value Model p-value R² Adjusted R² Model Significance 

Particle Size (Y₁) 24.97 0.0119 0.9765 0.9374 Significant 
Entrapment Efficiency (Y₂) 21.47 0.0148 0.9728 0.9275 Significant 

Drug Release (Y₃) 9.09 0.0494 0.9381 0.8349 Significant 

The optimized nanosponge formulation showed: 
• Particle size: 213.85 nm 
• Entrapment efficiency: 82.75% 

• Drug release (24 h): 95.85% 
• Zeta potential:−33.3 mV 

 
Figure 9: A. Particle size distribution B. Zeta Potential of optimized batch nanosponges 

Particle Morphology 

 
Figure 10: SEM image of Optimized batch of Apremilast Nanosponges 

SEM, as shown in Figure 10, revealed spherical porous nanosponges that may support controlled drug-release behavior. 
 
EVALUATION OF NANO-SPONGES  
Percentage encapsulation efficiency 
The %EE of prepared apremilast nanosponges (NS1-NS9) 
ranged from 60.22 to 82.75% (Table 2). Based on the results, 
apremilast nanosponges (NS8) were optimized with % EE 
(82.75%). 

In-vitro drug release 
The in vitro drug release of prepared apremilast nanosponges 
(NS1–NS9) was found to be in the range of 74.94 – 95.85 % 
(Table 2). Based on the results, apremilast nanosponges (NS8) 
were optimized for in vitro drug release (95.85 %). 
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Drug Release Kinetics 
To investigate the release mechanism of Apremilast from the 
optimized nanosponge formulation (NS8), in vitro drug release 
data were evaluated using various kinetic models: Zero-order, 
First-order, Higuchi, and Korsmeyer–Peppas. The results, 
summarized in Table 5, indicated that the Higuchi model had the 
highest correlation coefficient (R² = 0.987), suggesting that the 
drug release primarily occurred via diffusion from the polymeric 
matrix. The Korsmeyer–Peppas model also demonstrated a 
strong fit (R² = 0.981), confirming diffusion-controlled release. 
The release exponent (n) from the Korsmeyer–Peppas equation 
was determined to be 0.58, indicating anomalous (non-Fickian) 
transport, which involves both diffusion and polymer relaxation 
mechanisms. This n value supports the conclusion that 
Apremilast release from the nanosponge matrix follows a non-
Fickian diffusion mechanism. Overall, these findings 
quantitatively affirm the sustained-release behavior of the 
optimized formulation observed over 24 hours, illustrating the 
efficacy of the porous ethyl cellulose nanosponge matrix in 
controlling drug release through diffusion-assisted transport. 
Table 5: Drug Release Kinetic Modeling of Optimized 
Apremilast Nanosponge Formulation (NS8) 

Model Equation R² 
Zero Order Qt = Q0 + K0t 0.942 
First Order Log Qt 0.918 

Higuchi Q = KH√t 0.987 
Korsmeyer-Peppas Mt/M∞ = Ktn 0.981 

 
Particle size distribution & polydispersity index 
The average particle size of Apremilast nanosponges was 213.85 
nm, according to the particle size analysis, and their 
polydispersity index (PDI) value was 0.411. 
 
Zeta potential 
Zeta potential analysis showed a surface charge of −33.3 mV 
(Figure 9), indicating good electrostatic stability and favorable 
interaction potential with biological systems. 
 
CONCLUSION 
The present study successfully developed and optimized 
Apremilast-loaded nanosponges using the emulsion solvent 
diffusion method in combination with a 3² factorial design. The 
formulation variables, namely EC: PVA ratio and sonication 
time, significantly influenced particle size, entrapment 
efficiency, and drug release behavior, as confirmed by response 
surface analysis and ANOVA. The optimized nanosponge 
formulation (NS8) exhibited a particle size of 213.85 nm, 

entrapment efficiency of 82.75%, zeta potential of −33.3 mV, 
and sustained drug release of 95.85% over 24 h, indicating 
favorable physicochemical stability and controlled-release 
characteristics. Physicochemical characterization using FTIR, 
XRD, DSC, and SEM confirmed drug–excipient compatibility, 
retention of the crystalline nature of Apremilast, and the 
formation of spherical porous nanosponges. Drug release kinetic 
analysis demonstrated that the optimized formulation followed 
the Higuchi model (R² = 0.987). In contrast, the Korsmeyer–
Peppas release exponent (n = 0.58) indicated anomalous non-
Fickian diffusion, suggesting that drug release occurred through 
a combination of diffusion and polymer relaxation mechanisms. 
The sustained-release profile observed over 24 h highlights the 
potential of the nanosponge system to maintain prolonged local 
drug availability. Overall, the developed Apremilast-loaded 
nanosponges represent a promising topical drug delivery 
platform with potential applicability in future wound-healing 
therapies. However, since the present investigation was limited 
to physicochemical characterization and in vitro evaluation, 
further ex vivo skin permeation, in vivo wound-healing, safety, 
and clinical studies are necessary to establish therapeutic 
efficacy and translational potential.  
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