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ABSTRACT 

Background: Psoriasis is a long-term inflammatory skin disorder marked by immunological dysregulation and 

keratinocyte hyperproliferation. Although quercetin, a natural flavonoid, has demonstrated strong antioxidant and anti-

inflammatory properties, its clinical utility is hindered by poor water solubility and limited skin permeability. This study 

aimed to develop and optimize a Proniosomes delivery system to enhance the dermal delivery of quercetin for effective 

psoriasis management. 

Methods: The thin-film hydration method was utilized for the preparation of niosomes loaded with Quercetin, using 

varying concentrations of cholesterol, Span 60, and soya lecithin. Box–Behnken design was employed to optimize key 

formulation parameters, targeting minimized particle size, enhanced zeta potential, and maximized drug release. The 

optimized formulation was characterized for entrapment efficiency (EE%), particle size, in-vitro drug release, ex-vivo skin 

permeation, and FTIR compatibility studies. 

Results: FTIR analysis confirmed the absence of significant drug–excipient interactions. The optimal region was identified 
which demonstrated high drug release (87%), favorable particle size (275 nm), and excellent zeta potential (-39 mV). The 

percent entrapment efficiency (% EE) of the optimized formulation was found to be 70.79±5.63%, indicating the 

preparation method of Proniosomes is good and has the potential for scalability. The study highlights the importance of 

surfactant concentration in controlling drug release and the need for further optimization in the formulation. In-vitro studies 

demonstrated an efficient and excellent sustained release formulation profile, reaching nearly ~100% over 24 hours, 

compared to <20% from pure quercetin.  

Conclusion: Quercetin-loaded Proniosomes effectively enhanced the solubility, stability, and skin penetration of the drug, 

supporting their potential as a scalable and effective transdermal delivery system for herbal therapy in psoriasis. Further 

in-vivo studies over the developed nano carrier as Proniosomes are warranted to establish therapeutic efficacy and safety 

in clinical settings. 
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INTRODUCTION 
Psoriasis is a long-term, immune-mediated inflammatory 

skin condition that causes erythematous, scaly plaques that 

severely lower quality of life1. Psoriasis is a common 

disease with a geographical-prevalence range of 0.50% to 

11 % in adults and 0.00 % to 1.35% in children, but limited 

data on its epidemiology and geographic distribution2,3. It 

is typified by keratinocyte hyperproliferation and abnormal 

differentiation4. Conventional treatment methods, such as 

systemic immunosuppressants, phototherapy, and topical 

corticosteroids, are frequently constrained by side effects, 

resistance, and low patient compliance, particularly when 

used for an extended period of time5-8. Plant-derived 

bioactive compounds with good safety profiles and a 
variety of therapeutic effects are therefore gaining 

popularity9. 

As a systemic inflammatory illness, psoriasis often coexists 

with a number of other disorders, including metabolic 

syndrome, diabetes, essential hypertension, and 

inflammatory bowel disease10,11. Abnormal 

immunomodulatory processes and common inflammatory 

pathways may be the cause of these disorders' 

associations12. A naturally occurring flavonoid that is found 

in large quantities in fruits and vegetables, quercetin has 

shown strong anti-inflammatory, antioxidant, and 

immunomodulatory type of response, making viable option 



Formulation Development and Optimization of Quercetin Loaded Proniosomes for Psoriasis 

 

                                                              IJDDT, Volume 15 Issue 3, July - September 2025                                  Page 1066 

for the treatment of psoriasis 13-15. However, its limited skin 

permeability, low stability, and poor water solubility make 

it difficult to use therapeutically in topical formulations. 

Delivery systems based on nanotechnology16,17, like 

Proniosomes, have become a new and promising way to get 

around these restrictions18,19. Proniosomes are free-flowing, 

dry formulations that, when hydrated, can transform into 

niosomes, providing improved skin penetration, prolonged 
drug release, and increased drug stability20,21. Proniosomes 

can help localize drug delivery to psoriatic lesions while 

reducing systemic exposure when they are loaded with 

phytoconstituents like quercetin22,23. 

The formulation, development, and optimization of 

quercetin-loaded Proniosomes as a novel herbal drug 

delivery system for the treatment of psoriasis are the main 

objectives of this study24-26. The study intends to maximize 

entrapment efficiency, optimal vesicle size, and desired 

drug release characteristics by optimizing key formulation 

parameters using a quality-by-design (QbD) approach. 

However, in order to attain desired physicochemical 

properties the formation of stable and effective 

Proniosomes necessitates careful optimization of crucial 

formulation and process parameters (CMPs)27. The amount 

of Span (X₁), soy lecithin (X₂), and cholesterol (X₃) were 

found to be the three main variables that significantly 
influenced the stability and functionality of Proniosomes in 

this investigation28. The study utilized a nonlinear second-

order Box-Behnken Design (BBD) to analyze and optimize 

parameters, allowing for systematic investigation of 

interactions between factors. A total of 17 experimental 

trials were conducted, each representing a different 

combination of chosen parameters. The best conditions for 

nanoparticle formation were identified by evaluating the 

formulations for their primary quality criteria. 

The results of this study could lead to the creation of more 

patient-friendly, potent herbal treatments for inflammatory 

skin conditions like psoriasis29. It can be concluded as it is 

a serious dermatological disorder that harms both the body 

and the mind is psoriasis30. Skin atrophy and systemic 

toxicity are side effects of current treatments like 

immunomodulators and corticosteroids31. Long-term use of 

alternative herbal therapies is becoming more and more 
popular. Preclinical research has indicated promise for 

quercetin, a flavonoid with anti-inflammatory, 

antioxidant27, and immunosuppressive qualities32. 

However, physicochemical limitations limit its clinical 

utility. A stable precursor to niosomes, Proniosomes can 

enhance drug entrapment, permeation, and sustained 

release, thereby enhancing patient adherence and 

therapeutic efficacy33. A safer and more efficient way to 

treat psoriasis may be to incorporate quercetin into a 

proniosomal delivery system. 

 

MATERIALS AND METHODS 

Materials 

Quercetin (≥98% purity) was obtained from a reputable 

supplier of phytochemicals. Span 60 (sorbitan 

monostearate) and cholesterol were sourced from Sigma-

Aldrich (USA). Ethanol of analytical grade and additional 

solvents were acquired from Merck, India. All chemicals 

and reagents utilized in this study were of analytical grade 

and employed without additional purification. Deionized 

water was utilized consistently during the experiments. A 

dialysis membrane with a molecular weight cut-off of 

12,000–14,000 Da was acquired from HiMedia 

Laboratories, Mumbai. 

Analysis Method 

By creating a number of standard solutions with 

concentrations ranging from 1 to 10 µg/mL in methanol, a 

standard calibration curve of quercetin was created. A UV-

Visible spectrophotometer was used to measure each 

solution's absorbance at λmax=370 nm in comparison to a 

reagent blank34. The standard curve (Figure 1) 

demonstrated a strong linear relationship between the 

resulting absorbance values and concentration. With a 
correlation coefficient (R2) and linear regression equation 

was developed. The quercetin content of formulation 

samples, including entrapment efficiency and in-vitro drug 

release studies, was then ascertained using this 

equation29,35. 

Fourier-Transform Infrared (FTIR) Spectroscopy 

The FTIR analysis was performed on a Bruker FT-IR 

VERTEX 80/80 v (Boston, MA, USA) in Attenuated Total 

Reflectance mode (ATR) with a platinum crystal accessory 

between 400 and 4000 cm−1, a resolution of 4 cm−1 and 16 

scans. 

Experimental Design and Optimization 

A Box Banken design (BBD) approach using a quadratic 

relationship was employed to investigate the effect of key 

formulation variables. Statistical analysis and optimization 

were performed using Design-Expert® software (Stat-Ease 

Inc., USA). 

Three key formulation variables-Cholesterol, Span 60, And 
Soya Lecithin were selected for optimization using a three-

level design. Each variable was studied at low (–1), medium 

(0), and high (+1) concentration levels to evaluate their 

effects on particle size, zeta potential, and drug release from 

the proniosomal system, Table 1. 

Method of Preparation for Quercetin Proniosomes 

The thin-film hydration method was utilized for the 

preparation of niosomes. Quercetin (50 mg) was dissolved 

in 20 mL of chloroform, followed by the addition of 

adequate amount of Span 60, cholesterol, and soya lecithin. 

The mixture was thoroughly dissolved and transferred into 

a round-bottom flask (RBF). The RBF was then placed on 

a rotary evaporator at 60°C, where the solvent gradually 

evaporated, forming a thin lipid film on the inner surface of 

the flask. The flask was kept undisturbed for 24 hours to 

ensure complete removal of residual solvent. After one day, 

the dried film was hydrated by adding an appropriate 

Table 1: BBD design36. Coded and actual levels of 

independent formulation variables used in the design of 

experiments. Each factor was studied at three levels: low 

(–1), medium (0), and high (+1) 

Variable -1 0 +1 

Cholesterol 0.10 0.15 0.20 

Span 60 0.150 0.375 0.600 

Soya lecithin 0.1 0.2 0.3 
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volume of distilled water with continuous shaking, leading 

to the formation of niosomal vesicles37,38. 

Particle Size and Zeta Potential Determination 

The hydrodynamic diameter (average size), polydispersity 

index (PDI) and zeta potential of the optimized 

Proniosomes were determined by dynamic light scattering 

(Zetasizer Nano ZS, Malvern Instruments, Malvern, UK). 

The samples were analyzed in a folded capillary cell. 
Detection of the scattered light was carried out at 173° 

(NIBS = non-invasive backscatter detection) and 

temperature of 25 °C. The zeta potential was measured by 

laser Doppler micro-electrophoresis using the same 

Zetasizer ZS Nano. The samples were filtered with 0.45 µm 

syringe filter (Minisart® High Flow, Sartorius, 

Gloucestershire, UK) to eliminate eventual particles above 

450 nm and compared to the samples without filtering. At 

least five replicates were performed for each sample and the 

results were given as mean ± standard deviation of the 

obtained values. 

Vesicle Size and Zeta Potential 

The average particle size, polydispersity index (PDI), and 

zeta potential of hydrated proniosomal vesicles were 

measured using dynamic light scattering (DLS) with a 

Zetasizer Nano ZS (Malvern Instruments, UK). 

In-vitro Drug Release 

Drug release was studied using the dialysis membrane 

diffusion technique. The hydrated proniosomal suspension 

was placed in a pre-soaked dialysis bag and suspended in 
PBS (pH 7.4) at 37 ± 0.5 °C under constant stirring. 

Samples were withdrawn at predefined intervals, filtered, 

and analyzed spectrophotometrically.  

The optimal preparation of quercetin loaded Proniosomes 

were studied using the dialysis bag (M.W.: 12,000 Da) 

method, with a 50% ethanol and 50% phosphate buffer 

(50:50; PBS, pH 6.8) mixture as the dissolution medium. 

The dialysis bag was first filled with 10 mL of proniosomal 

formulation after being immersed in PBS (pH 6.8) for a full 

day. After that, the dissolving medium was added, mixed, 

and kept at 37 ± 0.5 °C while being magnetically agitated at 

100 rpm. After that, 2 mL of the dissolution medium was 

  
Figure 1: Standard calibration curve of quercetin in 

methanol at 370 nm 

 

Figure 2: FTIR of Cholesterol 

 

  
Figure 3: FTIR of Quercetin 

 

Figure 4: FTIR of Lecithin 

 

  
Figure 5: FTIR of Quercetin Figure 6: FTIR of Physical Mixture Quercetin loaded 

Proniosomes 
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withdrawn and replaced at different intervals of time with 

the same amount of fresh dissolution medium.  

UV spectrophotometric analysis was performed at 382 nm 

to measure the concentration of quercetin release form the 

proniosomal formulation. The study was performed in 

triplicate and the results were shown as (mean ± standard 

deviation)34. 

Entrapment Efficiency (%EE) 

Entrapment efficiency was determined by centrifuging the 

hydrated Proniosomes at 14,000 rpm for 60 min at 4 °C. The 

free, unentrapped quercetin in the supernatant was 

quantified using UV-visible spectrophotometry at 370 nm. 

The amount of integrated quercetin (% EE) at 382 nm was 

measured using an UV-Vis Spectrophotometer (2202, 

Systronics, Mumbai, India) after the aqueous dispersion had 

been run through a 0.45 m syringe filter. The quantity of 

quercetin was calculated by subtracting the amount of 

 
Figure 7: Z-Average of Proniosomes vesicles 

 

 
Figure 8: Zeta-Potential of Proniosomes 
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original drug from the amount of free drug, after the 

determination of the amount of unentrapped quercetin in the 

filtrate39.  

 

RESULTS AND DISCUSSION 

Standard Calibration Plot of Quercetin 

The calibration curve for quantifying quercetin in solution 

is represented by a linear regression equation with a slope 

of 0.0872 and a y-intercept of 0.0483.  

y = 0.0872x + 0.0483 

The coefficient of determination is R² = 0.9983, indicating 

the data's fit to the linear model. A number around 1 

signifies a superior linear correlation between absorbance 

and concentration, rendering the method exceptionally 

dependable and precise for quantifying quercetin in solution 
(Figure 1). The calibration curve enables the determination 

of unknown quercetin concentrations in diverse samples, 

including drug release and entrapment efficiency 

investigations, by substituting absorbance values into the 

equation and resolving for x. 

Fourier-Transform Infrared (FTIR) Spectroscopy 

FTIR Spectroscopy was employed to identify the primary 

functional groups in the formulation's individual 

components and to verify their structural integrity. 

The FTIR spectrum of cholesterol (Figure 2) displayed 

characteristic peaks at 3400 cm⁻¹, indicative of O–H 

stretching vibrations, alongside strong bands between 2800 

and 3000 cm⁻¹, which are associated with symmetric and 

asymmetric C–H stretching of CH₂ and CH₃ groups. A 

prominent peak at 2899 cm⁻¹ signified CH₂ symmetric 

stretching, whereas a clear signal at 1690 cm⁻¹ validated the 

existence of C=C stretching from the unsaturated bond in 

the second ring of the cholesterol structure. 

The spectrum of Span 60 (Figure 3) exhibited significant 

absorption bands at 3452 cm⁻¹ (O–H stretching), 2800–

3000 cm⁻¹ (C–H stretching), and 1250 cm⁻¹ (C–O 
stretching), which suggests the presence of hydroxyl and 

ester functionalities.  Soya lecithin (Figure 4) exhibited 

significant peaks at 2854 cm⁻¹ and 2928 cm⁻¹, 

corresponding to symmetric and asymmetric CH₂ 

stretching, respectively. Additionally, bands were observed 

at 2956 cm⁻¹ for CH₃ stretching and at 1462 cm⁻¹ for CH₂ 

scissoring. The carbonyl (C=O) stretch was recorded at 

1736 cm⁻¹, while phosphate-related vibrations (PO₂⁻ and P–

O–C) were detected in the range of 1200 to 970 cm⁻¹, with 

a notable peak around 1045 cm⁻¹, thereby confirming the 

phospholipid structure. 

Quercetin, (Figure 5) a representative flavonoid, displayed 

O–H stretching vibrations at 3406 cm⁻¹ and 3283 cm⁻¹, 

along with a phenolic O–H bending at 1379 cm⁻¹. The aryl 

ketonic C=O stretch was observed at 1666 cm⁻¹, and 

aromatic C=C stretching vibrations were detected at 1610, 

1560, and 1510 cm⁻¹.  
The presence of additional bands at 1317 cm⁻¹ (C–H in-

plane bending) and at 933, 820, 679, and 600 cm⁻¹ (out-of-

plane bending) further substantiates its polyphenolic 

Table 2: In-vitro Drug Release of RUN 14   

S. 

No. 

Time 

(h) 

Mean 

area 

(n=3)* 

Concen. 

(µg/ml) 

Cumulative 

amount of drug 

permeation (µg) 

Cumulative 

percentage of drug 

permeation (%) 

Cumulative amount 

of drug permeation 

(µg/cm2) 

J-Flux 

(µg/cm2/h) 

Pb x 102 R2 

1 1 116796 1.8 180 3.6 60.00 60.42 1.208333 0.9855 

2 2 363365 5.6 560 11.2 186.67       

3 3 655355 10.1 1010 20.2 336.67       

4 4 1096585 16.9 1690 33.8 563.33       

5 5 1401552 21.6 2160 43.2 720.00       

6 6 1738963 26.8 2680 53.6 893.33       

7 7 2095839 32.3 3230 64.6 1076.67       

8 8 2296988 35.4 3540 70.8 1180.00       

9 10 2537069 39.1 3910 78.2 1303.33       

10 12 2673331 41.2 4120 82.4 1373.33       

11 24 2822570 43.5 4350 87 1450.00       

Table 3: BBD design, Runs of the Formulations36, 

Experimental design matrix showing the levels of 

cholesterol, Span 60, and soya lecithin used in each run, 

along with the corresponding measured responses: particle 

size, zeta potential, and drug release from the formulated 

proniosomal system 

Run Chole-

sterol 

Span 

60 

Lecithin Particle 

Size 

(nm) 

Zeta 

Potential 

(mV) 

Drug 

Release 

(%) 

1 0.20 0.375 0.30 275 -39 87 

2 0.15 0.375 0.20 290 -37 86 

3 0.20 0.375 0.10 356 -34 78 

4 0.15 0.375 0.20 268 -38 84 

5 0.20 0.150 0.20 375 -31 80 

6 0.15 0.600 0.10 455 -25 67 

7 0.10 0.375 0.10 293 -35 82 

8 0.15 0.150 0.10 215 -22 69 

9 0.10 0.150 0.20 224 -21 65 

10 0.15 0.600 0.30 476 -23 72 

11 0.15 0.150 0.30 210 -21 64 

12 0.20 0.600 0.20 465 -26 74 

13 0.10 0.375 0.30 245 -31 86 
14 0.15 0.375 0.20 268 -32 87 

15 0.10 0.600 0.20 433 -23 73 

16 0.15 0.375 0.20 257 -35 84 

17 0.15 0.375 0.20 274 -34 85 

Table 4: BBD design, Response summary of the 

Formulations36 

Response Mean Min Max Std. Dev. 

Particle Size (nm) 316.1 210 476 ± 83.3 

Zeta Potential (mV) -30.2 -21 -39 ± 6.2 
Drug Release (%) 77.1 64 87 ± 7.6 
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structure. The peaks observed at 1263, 1200, and 1165 cm⁻¹ 

correspond to C–O stretching in aryl ethers, phenols, and 

ketonic moieties, respectively. 

Interpretation for FTIR of Final Formulation 
The FTIR spectrum of the optimized quercetin-loaded 

proniosomal formulation (Figure 6) was recorded to assess 

potential drug-excipient interactions and confirm the 

incorporation of quercetin into the lipid-based system.  

The spectrum revealed a broad and strong absorption peak 

at 3292.85 cm⁻¹, which corresponds to O–H stretching 

vibrations. This peak is characteristic of both quercetin’s 

hydroxyl groups and Span 60/cholesterol's hydrophilic 

moieties, suggesting possible hydrogen bonding between 

the drug and lipid carriers. Another distinct peak was 

observed at 1637.30 cm⁻¹, which may be attributed to the 

C=O stretching vibration or C=C aromatic ring stretch, 

indicating the presence of quercetin’s aryl ketone structure. 

The absence of any new or shifted peaks compared to the 

individual spectra of the drug and excipients suggests that 

no major chemical interaction occurred. However, the 

preservation of quercetin’s characteristic peaks, albeit with 
slight broadening, supports successful entrapment of the 

drug within the Proniosomes matrix in a stable form. 

The absence of prominent peaks corresponding to quercetin 

in the FTIR spectrum of the formulation suggests successful 

encapsulation within the Proniosomes system. This 

indicates that quercetin is incorporated into the lipid or 

surfactant matrix, reducing its free presence and 

characteristic spectral signals.  
Vesicle Size and Zeta Potential 

Average particle size of the optimized formulation of 

quercetin loaded Proniosomes was found to be 272.1 nm 

(Figure 7) with a PDI of 0.304 suggesting a uniform, 

monodisperse population, meaning the prepared 

Table 5: BBD design, Regression coefficients and corresponding p-values for the influence of independent variables and 

their interactions on particle size, zeta potential, and drug release in the developed proniosomal formulation. Statistically 

significant terms (p < 0.05) are highlighted, indicating key factors affecting each response variable36  
Intercept A B C AB AC BC 

Particle size 271.4 23.25 126.5 4 -29.75 -8.25 6.5 

p-values 
 

0.0183 < 0.0001 0.5439 0.0079 0.2436 0.3423 

Zeta Potential 35.2 2.5 0.25 -0.25 -1.75 2.25 -0.25 

p-values 
 

0.0182 0.7683 0.7683 0.1732 0.0922 0.8347 

Release 85.2 -0.75 1.5 1.44252E-15 -3.5 1.25 2.5 

p-values 
 

0.3141 0.0829 1.0000 0.0058 0.1277 0.0185  
Intercept A² B² C² A²B A²C AB² 

Particle size 271.4 28.05 74.8 -7.2 -51.75 -36.25 22.5 

p-values 
 

0.0089 0.0002 0.2883 0.0037 0.0132 0.0579 

Zeta Potential 35.2 1.025 -10.975 -1.475    

p-values 
 

0.3925 < 0.0001 0.2312    

Release  1.525 -13.725 -3.475 -1 3.25 4.75 

p-values  0.0744 < 0.0001 0.0054 0.3391 0.0243 0.0067 

Table 6: BBD design, Constraints36 

Name Goal Lower  

Limit 

Upper  

Limit 

Lower 

Weight 

Upper 

Weight 

Importance 

A: Cholesterol is in range 0.1 0.2 1 1 3 

B: Span 60 is in range 0.15 0.6 1 1 3 

C: Soya lecithin minimize 0.1 0.3 1 1 2 

Particle size minimize 210 476 1 0.1 1 

Zeta Potential maximize 21 39 0.524807 1 2 

Release maximize 64 87 0.549541 1  4 

Table 7: BBD design, Constraints Solutions found36 

Number Cholesterol Span 
60 

Soya lecithin Particle size Zeta Potential Release Desirability 
 

1 0.109 0.384 0.103 281.460 34.526 82.436 0.911 Selected 

2 0.109 0.384 0.103 282.053 34.538 82.441 0.911 
 

3 0.110 0.384 0.103 280.889 34.516 82.453 0.911 
 

4 0.123 0.379 0.100 264.159 34.160 82.307 0.910 
 

 
Figure 9: Graph for Drug release from Proniosomes RUN 14 
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Proniosomes are relatively similar in size, with low 

variation. Span 60 (Sorbitan monostearate) generally 

imparts a negative zeta potential (Figure 8) to vesicles like 

Proniosomes or niosomes. This occurs because of presence 

of Span 60, a non-ionic surfactant, has a slight negative 

charge due to its stearic acid moiety. It can also adsorb 

hydroxyl ions from water, resulting in a net negative charge 

on the vesicle surface. Span 60's lack of a strong cationic 
group creates a slightly negative zeta potential, which 

increases stability due to electrostatic repulsion between 

vesicles and reduces aggregation and flocculation in 

dispersion systems. 

In-vitro Drug Release Study of Formulations40 

The in-vitro skin permeation study revealed a consistent 

increase in drug permeation over 24 hours. The cumulative 

amount of drug permeated through the membrane exhibited 

a linear relationship with time, as shown in Figure 941. The 

linear regression equation was: 

𝑦 =  123.37𝑥 

𝑅² =  0.9869 
where y represents the cumulative amount of drug 

permeated (µg/cm²) and x denotes time (h). The high R² 

value indicates a strong linear correlation, suggesting a 

controlled and sustained release profile42.  

   
Figure 10: Contour plot representing 

the effect of cholesterol (A) and Span 

60 (B) on particle size (nm) of 

quercetin-loaded Proniosomes 

Figure 11: Three-dimensional surface 

plot illustrating the combined 

influence of cholesterol (A) and Span 

60 (B) on the particle size (nm) of 

quercetin-loaded Proniosomes 

 

Figure 12: Contour plot representing the 

effect of Soya lecithin (A) and Span 60 

(B) on particle size (nm) of quercetin-

loaded Proniosomes 

   
Figure 13: Three-dimensional surface 

plot illustrating the combined influence 

of Soya lecithin (A) and Span 60 (B) on 

the particle size (nm) of quercetin-

loaded Proniosomes 

 

Figure 14: Contour plot representing 

the effect of cholesterol (A) and Soya 

lecithin (B) on particle size (nm) of 

quercetin-loaded Proniosomes 

Figure 15: Three-dimensional surface 

plot illustrating the combined influence 

of cholesterol (A) and Soya lecithin (B) 

on the particle size (nm) of quercetin-

loaded Proniosomes 

   
Figure 16A: Contour plot representing 

the effect of cholesterol (A) and Span 

60 (B) on Zeta-Potential (mV) of 

quercetin-loaded Proniosomes 

Figure 16B: Three-dimensional 

surface plot illustrating the combined 

influence of cholesterol (A) and Span 

60 (B) on the Zeta-Potential (mV) of 

quercetin-loaded Proniosomes 

Figure 17: Contour plot representing the 

effect of cholesterol (A) and Soya 

lecithin (B) on Zeta-Potential (mV) of 

quercetin-loaded Proniosomes 
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The calculated steady-state flux (J) was 145.16 µg/cm²/h, 

which reflects the efficiency of the Proniosomes 

formulation in enhancing transdermal delivery of quercetin 

(Table 2, Figure 9). 

A total of 17 experimental runs (Table 3) were carried out 

based on a response surface methodology design to evaluate 

the influence of formulation variables—cholesterol, Span 

60, and soya lecithin—on key physicochemical parameters.  
The responses measured included particle size (nm), zeta 

potential (mV), and cumulative drug release (%), which 

were used to develop and validate the statistical model for 

optimization. 

Experimental Design and Optimization43 

A three-factors and three-levels containing BBD was 

employed for the optimization. 

With increase in span and cholesterol concentration particle 

size increased which can be attributable to that interfacial 

tensions may have increased leading to bigger droplet size. 
With increasing soya lecithin, the particle size hardly 

showed any change as span 60 conc was sufficient enough 

to produce small size formulation. While moving from low 

   
Figure 18: Three-dimensional surface 

plot illustrating the combined influence 

of cholesterol (A) and Soya lecithin (B) 

on the Zeta-Potential (mV) of 

quercetin-loaded Proniosomes 

 

Figure 19: Contour plot representing 

the effect of Soya lecithin (A) and 

Span 60 (B) on Zeta-Potential (mV) of 

quercetin-loaded Proniosomes 

Figure 20: Three-dimensional surface 

plot illustrating the combined influence 

of Soya lecithin (A) and Span 60 (B) on 

the Zeta-Potential (mV) of quercetin-

loaded Proniosomes 

 

   
Figure 21: Contour plot representing 

the effect of cholesterol (A) and Span 

60 (B) on Release (%) of quercetin-

loaded Proniosomes 

Figure 22: Three-dimensional surface 

plot illustrating the combined 

influence of cholesterol (A) and Span 

60 (B) on the Release (%) of quercetin-

loaded Proniosomes 

 

Figure 23: Contour plot representing 

the effect of cholesterol (A) and Soya 

lecithin (B) on Release (%) of 

quercetin-loaded Proniosomes 

   
Figure 24: Three-dimensional surface 

plot illustrating the combined influence 

of cholesterol (A) and Soya lecithin (B) 

on the Release (%) of quercetin-loaded 

Proniosomes 

Figure 25: Contour plot representing 

the effect of Soya lecithin (A) and 

Span 60 (B) on Release (%) of 

quercetin-loaded Proniosomes 

Figure 26: Three-dimensional surface 

plot illustrating the combined influence 

of Soya lecithin (A) and Span 60 (B) on 

the Release (%) of quercetin-loaded 

Proniosomes 
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to high levels of span 60, the particle size increased which 

is similar to observation with cholesterol concentration. 

Likewise, Soya lecithin does not show remarkable change 

sin particle size, while cholesterol showed little increase in 

particle size with its increasing concentration. 

Niosomes with low zeta potential values are more 

susceptible to aggregation and potential destabilization. 

With increase in span concentration initially zeta potential 
increased, however at the highest levels it exhibited lower 

values of zeta indicating an unstable formulation. This 

could be attributed to the fact that the mid values of span 

were sufficient enough to produce a stable formulation. The 

values of zeta potential were found to be maximum for 

intermediate values of soya lecithin, while there was little 

effect of cholesterol concentration (figure 17) 

There was miniscule effect of cholesterol and soya lecithin 

concentration on zeta potential. This may be attributed to 

span 60 concentrations, being the surfactant was solely 

responsible for stability of the formulation. 

The graph typically showed dome like structure. This 

means the mid values of span 60 were sufficient to produce 

monodisperse formulation with high zeta potential 

(figure16A and B) 

The % drug release values were found to low at low and 

high values of span and low levels of cholesterol. This could 
be attributable to the fact that higher concentrations of 

cholesterol and mid values of span were able to produce 

monodispersion of particles with minimum heterogeneity 

and high drug solublisation resulting in higher drug release. 

Soya lecithin and cholesterol concentration showed little 

effect on quercetin release. Though their concentration 

effect the drug solubility, yet concentration of surfactant at 

the same time is responsible for controlling the release. 

Akin observation of effect of span and soya lecithin were 

observed on drug release as that of zeta potential (Figure 

26). The concentration of span 60 at mid values produced 

higher drug release owing to optimum solubility of 

quercetin in the blend of surfactant, lipid and cholesterol. 

The constraints were further narrowed down to demarcate 

the design space in the overlay contour plot between the 

chosen three factors across 2D experimental domains. The 

latter depicts the desirable optimal design space region in 

the yellow colour, surrounded with the grey colour region, 

called the knowledge space. 

Coefficients Table 

Multiple linear regression technique was employed, 

followed by fitting of the data with an apt polynomial 

model. Interaction terms and aptness of model fitting were 

studied using statistical parameters. Response surface 
mapping was carried out by employing 2D and 3D graphs 

to understand the relationship(s) among the CMAs and 

studied CQAs. The projection of optimum formulation was 

carried out by using desirability and design space as the 

functions of numerical and graphical optimisation, 

respectively. 

Factors A and B and their interactions are critical for 

controlling particle size. Quadratic and higher-order effects 

also play substantial roles, indicating that optimization is 

needed rather than linear extrapolation. Zeta potential is 

primarily affected by the linear effect of A and the quadratic 

term C². Stability is likely influenced by these two. Drug 

release is influenced by complex interactions and quadratic 

effects. Especially notable is the strong impact of the C² 

term, suggesting this factor requires tight control in 

formulation. 

Factor A (e.g., surfactant) plays a critical role across particle 
size, zeta potential, and drug release. Quadratic terms 

(especially C² and B²) and interactions (AB, BC) are 

prominent, indicating non-linear relationships. This 

validates the use of Response Surface Methodology (RSM) 

and suggests that simple linear models would not 

adequately capture the formulation behaviour (Table 4). 

Numerical Desirability and Numerical Optimization 

The optimum formulation was earmarked employing 

numerical desirability function, by “trading off” various 

CQAs for achieving the required goals, i.e. minimum 

particle size (i.e., representing the rapidness absorption) and 

maximum zeta potential (i.e., demonstrating adequate 

stability), and maximum percent release (i.e., necessary for 

quercetin release) (Table 5,6). 

Overlay plots (Figure 27) were generated using response 

surface methodology (RSM) to identify the optimal design 

 
Figure 27: Overlay plots representing the optimization of quercetin-loaded proniosomal formulations using response 

surface methodology (RSM). The yellow regions in each plot denote the design space where all three critical quality 

attributes-minimized particle size, optimal zeta potential, and maximum drug release-are simultaneously satisfied. (A) 

Overlay plot of Span 60 vs. soya lecithin with cholesterol held constant at 0.1095 g; (B) Overlay plot of cholesterol vs. 

Span 60 with lecithin held at 0.1025 g; (C) Overlay plot of cholesterol vs. soya lecithin with Span 60 fixed at 0.3480 g. 

These plots collectively identify the optimal formulation region suitable for enhanced topical delivery of quercetin in 

psoriasis therapy 
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space for the quercetin-loaded proniosomal formulation. 

The plots concurrently assessed the impacts of independent 

variables (cholesterol, Span 60, and soya lecithin) on the 

essential quality attributes—particle size, zeta potential, 

and drug release.  Figure 27 (Cholesterol vs. Span 60) 

illustrates that the optimal region (yellow zone) is situated 

between cholesterol levels of 0.12–0.13 and Span 60 levels 

of 0.36–0.41, where all specified criteria are satisfied. The 
Cholesterol vs. Lecithin plot (Figure 27) indicates an 

optimal region at cholesterol levels of 0.13–0.14 and 

lecithin levels of 0.10–0.12. The most notable and sustained 

optimal region was identified in the Span 60 versus Lecithin 

plot (Figure 27), where the "sweet spot" closely matched 

the actual composition of Formulation Run 1, which 

demonstrated a high drug release (87%), favorable particle 

size (275 nm), and excellent zeta potential (-39 mV). The 

findings validate the robustness and predictive capability of 

the employed design model. 

The optimal solution was demarcated in the design space 

overlay plot as shown in Figure 27(A,B&C)44,45. 

Percentage Entrapment Efficiency (% EE) of Optimised 

Formulation 

The percent entrapment efficiency was found to be 

70.79±5.63%. The reproducible results of entrapment 

efficiency is an indicator that the preparation method of 
Proniosomes is good and has the potential to be introduced 

for scalability. Moreover, entrapment efficiency also 

attributes towards the significant therapeutic performance 

of the drug loaded Nanoformulation.  

In-vitro Release of Optimised Formulation and 

Comparative Study with Neat Formulation of Quercetin 

Proniosomes formulation of quercetin displayed significant 

drug release due to solubility enhancement of the quercetin 

by Nano formulation. Specified controlled release of the 

drug was also observed from the Nano formulation with 

53% and 84% drug release at 180 and 600 minutes 

respectively.  

The study compared the drug release behavior of pure 

quercetin and a Proniosomes formulation (Figure 28). Pure 

quercetin had a restricted release, with a maximum 

cumulative release of 20% over 24 hours. Proniosomes 

formulation showed a rapid initial release followed by a 
sustained phase, resulting in nearly 100% cumulative 

release within 24 hours46.  

This improvement suggests Proniosomes improve the 

solubility and bioavailability of quercetin, making them a 

viable delivery system for topical or transdermal 

applications in psoriasis treatment. The results showed 

reproducibility, indicating the robustness and consistency of 

the developed formulation. 

 

DISCUSSION 

A delivery method that sustains localized medication 

concentrations at the skin lesion site is necessary for 
psoriasis, a skin disorder marked by persistent keratinocyte 

hyperproliferation and inflammatory signaling. By 

lowering oxidative stress and modulating NF-κB-driven 

inflammation, suspended release from proniosomes laden 

with quercetin stops keratinocyte rebound growth. For the 

long-term treatment of psoriasis, this extended-release/ 

sustained release profile is both pathophysiologically 

significant and pharmaceutically desirable. 

Several nanocarrier systems, including liposomes, 

ethosomes, and nanoemulsions, have been previously 

investigated for dermal delivery of quercetin in psoriasis 

therapy. Liposomes improve drug entrapment and enhance 

penetration; however, their instability, high production 

costs, and short shelf life limit large-scale application. 

Ethosomes, enriched with ethanol, provide superior skin 

permeation compared to liposomes, but their high alcohol 

content often causes irritation, making them less suitable for 
chronic conditions such as psoriasis. Nanoemulsions offer 

enhanced solubility and permeation of hydrophobic drugs, 

but they are prone to phase separation and require 

stabilizers to maintain long-term integrity. 

In contrast, Proniosomes combine the advantages of these 

systems while overcoming several limitations. They are dry, 

free-flowing powders that are hydrated into niosomes 

immediately before use, thereby offering superior stability, 

ease of storage, and scalability. Moreover, our optimized 

proniosomal formulation demonstrated sustained drug 

release, high entrapment efficiency, and favorable zeta 

potential—features that directly address the clinical need 

for prolonged quercetin delivery in hyperproliferative 

psoriatic skin. These attributes suggest that proniosomes 

may provide a more patient-friendly, stable, and clinically 

translatable nanocarrier compared to conventional vesicular 

systems. 
 

CONCLUSION 

The study developed and optimized quercetin-loaded 

Proniosomes as a promising vesicular drug delivery system 

for psoriasis management. The formulation showed high 

entrapment efficiency, enhanced stability, improved 

permeation, and sustained release compared to pure 

quercetin. The Proniosomes gel achieved 87% cumulative 

permeation over 24 hours, and it’s in-vitro release profile 

improved significantly compared to pure quercetin. Further 

exploration is needed to establish their therapeutic efficacy 

and safety. Further exploration is warranted to further 

explore this promising herbal nanocarrier system. 

However, while the in-vitro and ex-vivo findings are 

encouraging, further research is essential to translate these 

outcomes into clinical utility. Rigorous in-vivo studies are 

needed to validate the therapeutic efficacy of the 

formulation in relevant animal models of psoriasis. In 

 
Figure 28: Comparative in-vitro release profile of 

quercetin from pure quercetin dispersion and quercetin-

loaded Proniosomes over 48 hours 
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addition, systematic toxicity and safety assessments should 

be conducted to rule out any potential adverse effects 

associated with long-term use. Finally, well-designed 

clinical investigations will be crucial to determine 

pharmacokinetics, patient tolerability, and therapeutic 

outcomes in human subjects. 

Overall, the present work lays a strong foundation for 

advancing quercetin-loaded Proniosomes from bench to 
bedside. With continued exploration through in-vivo 

validation, toxicity profiling, and clinical translation, this 

delivery system holds promise to emerge as a safe, 

effective, and scalable herbal nanotechnology-based 

intervention for psoriasis management. 
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