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ABSTRACT- The present study focuses on the 

formulation, development, and optimization of 

nanosponges containing Barbaloin and 

Andrographolide for the effective and safe treatment 

of psoriasis. Pre-formulation studies assessed 

organoleptic properties, solubility, melting point, 

pH, and UV absorption maxima, confirming that 

both drugs exhibited good solubility in organic 

solvents such as methanol and DMSO, making them 

suitable for nanosponge formulation. A Box-

Behnken design coupled with response surface 

methodology (RSM) was employed to optimize 

three critical formulation variables: polymer 

concentration (β-cyclodextrin), cross-linker 

concentration (DPC), and stirring time, targeting 

optimal particle size and entrapment efficiency. The 

optimized nanosponges demonstrated particle sizes 

ranging from 168.54 to 170.21 nm and high 

entrapment efficiencies up to 93.99%. SEM analysis 

revealed spherical morphology and uniform 

distribution, while in vitro release studies confirmed 

zero-order kinetics, indicating controlled drug 

release. The formulations also exhibited significant 

antimicrobial activity, particularly at higher 

concentrations. Stability studies showed that the 

optimized nanosponges maintained particle size and 

entrapment efficiency under accelerated conditions 

(40°C, 70% RH), indicating long-term stability. 

Overall, the study successfully utilized a Design of 

Experiment (DOE) approach to develop Barbaloin 

and Andrographolide-loaded nanosponges with 

desirable physicochemical, pharmacological, and 

stability characteristics, demonstrating their 

potential as a promising formulation for psoriasis 

treatment with controlled drug delivery and 

enhanced bioavailability. 

Keywords: Barbaloin, Andrographolide, 

Nanosponges, Psoriasis, Box-Behnken Design, 
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I. INTRODUCTION 
Psoriasis is a chronic, immune-mediated, 

inflammatory skin disorder characterized by 

hyperproliferation of keratinocytes, erythematous 

plaques, scaling, and recurrent episodes that 

significantly impair patients’ quality of life 

(Mpofana et al., 2024). Conventional therapies, 

including corticosteroids, immunosuppressants, and 

systemic drugs, often present limitations such as 

systemic toxicity, poor patient compliance, and 

suboptimal drug penetration. Consequently, there is 

a growing need for innovative drug delivery systems 

that can enhance the therapeutic efficacy of 

antipsoriatic agents while minimizing adverse 

effects (Ponticelli and  Glassock 2019).  

Barbaloin, a major anthraquinone glycoside 

isolated from Aloe vera, exhibits potent anti-

inflammatory, antioxidant, and wound-healing 

properties, making it a promising candidate for the 

topical management of inflammatory skin disorders 

such as psoriasis (Egbuna et al., 2020). However, 

Barbaloin suffers from poor aqueous solubility, low 

bioavailability, and chemical instability under 

physiological conditions, which limits its clinical 

utility. Consequently, novel delivery strategies are 

required to overcome these challenges and enable 

controlled and sustained release of Barbaloin to the 

target site (Yang et al., 2021).  

Andrographolide, a diterpenoid lactone 

derived from Andrographis paniculata, is 

recognized for its potent anti-inflammatory, 

immunomodulatory, and antioxidant activities. It 

has demonstrated significant therapeutic potential in 

the management of inflammatory and immune-

mediated disorders (Gan et al., 2019). However, 

Andrographolide suffers from poor aqueous 

solubility, limited bioavailability, and chemical 

instability, which restrict its clinical utility. 

Therefore, novel delivery systems are required to 
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improve its solubility, stability, and controlled 

delivery to target tissues (Rahul et al., 2022).  

Nanotechnology-based delivery systems, 

particularly nanosponges, have emerged as a 

versatile strategy to enhance the solubility, stability, 

and controlled release of poorly water-soluble drugs 

(Liu et al., 2024). Nanosponges are hyper-cross-

linked polymeric structures capable of encapsulating 

bioactive compounds, thereby improving drug 

solubility, protecting against degradation, and 

enabling sustained and targeted delivery.  The use of 

nanosponges for topical applications offers 

additional advantages, including enhanced skin 

penetration, localized drug delivery, reduced 

systemic exposure, and improved therapeutic 

outcomes for chronic skin conditions like psoriasis 

(Kumar et al., 2021).  

Design of Experiment (DOE) approaches, 

including response surface methodology (RSM) and 

Box-Behnken designs, provide a systematic and 

efficient strategy for optimizing complex 

formulations (Beg et al., 2019). DOE enables 

simultaneous evaluation of multiple formulation and 

process variables, identification of critical factors 

affecting product quality, and prediction of optimal 

conditions to achieve desired characteristics such as 

particle size, entrapment efficiency, and drug release 

profile. The application of DOE in nanosponge 

development ensures reproducibility, quality, and 

scalability of the formulation while reducing 

experimental workload and resource consumption 

(Ashwini et al., 2025).  

In the present study, Barbaloin and 

Andrographolide were selected as dual therapeutic 

agents to be co-loaded into nanosponges for topical 

delivery in psoriasis. Pre-formulation studies were 

conducted to evaluate solubility, organoleptic 

properties, melting point, pH, and UV absorption 

maxima of the drugs to ensure compatibility and 

suitability for nanosponge encapsulation (Sengupta, 

2023). Subsequently, a Box-Behnken design 

coupled with RSM was employed to optimize 

critical formulation parameters, including polymer 

concentration (β-cyclodextrin), cross-linker 

concentration (DPC), and stirring time, targeting 

particle size, entrapment efficiency, and controlled 

drug release. The optimized nanosponges were 

evaluated for physicochemical properties, in vitro 

release, antimicrobial activity, and stability under 

accelerated conditions (Puranik et al., 2025). 

This study aims to develop a safe, effective, 

and stable nanosponge-based delivery system 

containing Barbaloin and Andrographolide for the 

treatment of psoriasis, providing controlled drug 

release, enhanced bioavailability, and improved 

therapeutic outcomes while minimizing side effects. 

The application of DOE ensures systematic 

formulation optimization, contributing to the 

advancement of nanotechnology-based herbal 

therapeutics in dermatology. 

 

II. MATERIAL AND METHODS 
2.1 Chemicals 

Barbaloin, were obtained from Yucca 

Enterprises. Phyto Drugs Pvt Ltd provided the 

Andrographolide. Rankem provided the Methanol 

while Merck India Ltd. Mumbai, India supplied 

Ethanol, Acetonitrile, Propylene glycol, and Methyl 

paraben. Ethyl cellulose were procured from Sigma 

eldrich, a well-known provider of high-quality 

laboratory chemicals. Carbopol 934 was supplied by 

Sulab. All other solvents, Chemicals and reagents 

used were of analytical (AR) grade and purchased 

from Loba, and Vizag chemical. 

 

2.2 Preformulation studies of selected drugs  

Preformulation studies of Barbaloin and 

Andrographolide were carried out to assess their 

physicochemical properties and compatibility with 

excipients prior to formulation development. These 

studies included evaluation of solubility, melting 

point, and pH stability along with drug-excipient 

compatibility using techniques like Fourier 

Transform Infrared (FTIR) spectroscopy. The 

results provided critical information on the stability, 

solubility behavior, and interaction potential of the 

drugs, helping to guide the selection of suitable 

formulation components and processing conditions 

for the development of an effective nanosponge 

delivery system (Bunaciu et al., 2025).  

 

2.2.1 Organoleptic Properties of selected drugs 

The organoleptic properties included assessment of 

color, odor, taste, and physical appearance 

(Agustina and Fadhil 2021).  

 

2.2.2 ` Solubility study of selected drugs 

The solubility study of Barbaloin and 

Andrographolide was performed using the visual 

observation method to determine their solubility in 

various solvents (Lee et al., 2018).  

 

2.2.3 pH determination of selected drugs 

The pH determination of Barbaloin and 

Andrographolide was carried out using a digital pH 

meter to assess their acidity or alkalinity in aqueous 

solutions (Jaidee et al., 2025).  
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2.2.4 Melting Point determination of selected 

drugs 

The melting point determination of Barbaloin and 

Andrographolide was conducted using a melting 

point apparatus to assess their thermal behavior and 

purity (Gbadebo, 2023).  

 

2.2.5 Spectroscopic Analysis and Calibration of 

selected drugs 

• Lambda (λ) max analysis  

Stock solutions of Barbaloin and Andrographolide 

were individually prepared in ethanol at a 

concentration of 1 mg/mL, followed by serial 

dilution to obtain 100 μg/mL working solutions. 

These were analyzed using a Shimadzu 1700 

double-beam UV-Visible spectrophotometer, 

scanning from 200 to 400 nm to record their 

absorbance spectra. This procedure enabled the 

identification of each drug’s λmax, an essential 

parameter for accurate and consistent quantitative 

analysis in future studies (Majumder et al., 2020).  

• Standard calibration curve analysis of 

selected drugs 

To establish calibration curves for Barbaloin and 

Andrographolide, 100 mg of each drug was 

accurately weighed, dissolved in ethanol in separate 

100 mL volumetric flasks, and diluted to obtain 

primary stock solutions. From each stock, 1 mL was 

transferred into a 10 mL flask and further diluted 

with ethanol to prepare working standards. These 

solutions were scanned between 200–400 nm using 

a UV spectrophotometer to determine each drug’s 

λmax. A set of standard solutions at different 

concentrations was then prepared, and their 

absorbance at the respective λmax was measured to 

construct calibration curves essential for reliable 

quantitative analysis (Mevada et al., 2025).  

 

2.2.6 Preparation of calibration curve of selected 

drugs  

Calibration curves for Barbaloin and 

Andrographolide were prepared by diluting their 

stock solutions to obtain working concentrations of 

20–120 μg/mL and 5–30 μg/mL, respectively. 

Absorbance for each solution was recorded using a 

UV-Visible spectrophotometer, with ethanol serving 

as the blank. The absorbance values were plotted 

against concentration, placing concentration on the 

X-axis and absorbance on the Y-axis. Both drugs 

showed linear calibration curves, confirming 

adherence to Beer–Lambert’s law and validating the 

method for accurate quantitative analysis 
(Nandiyanto et al., 2023).  

 

2.2.7 Fourier Transform Infrared (FT-IR) 

Spectroscopy of selected drugs 

FT-IR spectroscopy was carried out to 

determine the characteristic functional groups of the 

selected drugs and evaluate their compatibility with 

excipients. Drug samples were prepared as KBr 

pellets and scanned within the 4000–400 cm⁻¹ 

range. The obtained spectra were examined for 

distinctive absorption peaks to confirm structural 

features and ensure the absence of any unfavorable 

interactions during formulation (Chadha and 

Bhandari 2014).  

 

2.3 Preparation of nanosponges containing 

Barbaloin and Andrographolide 

Nanosponges (NS1–NS12) were produced 

using a hot-melt cross-linking method, employing β-

Cyclodextrin (β-CD) as the polymer and Diphenyl 

Carbonate (DPC) as the cross-linker, in the amounts 

specified in the formulation table. Accurately 

weighed quantities of β-CD and DPC were mixed, 

placed in a reaction vessel, and gradually heated to 

80–100 °C with continuous magnetic stirring. The 

mixture was kept at this temperature for 2, 4, or 6 

hours, depending on the formulation, to ensure 

complete cross-linking. After the reaction time, the 

mass was cooled to room temperature and 

repeatedly washed with double-distilled water to 

remove unreacted materials and impurities. The 

cleaned nanosponges were dried in a hot-air oven at 

40 °C to a constant weight, stored in a desiccator, 

and later evaluated for particle size and entrapment 

efficiency (Gaber et al., 2023).  

 

Table 1: Composition of Nanosponges Formulation 

Formulation 

code 

Polymer Beta 

cyclodextrin (mg) 

Cross linker 

Diphenyl 

carbonate 

Stirring 

Time (hrs) 

Particle 

size (nm) 

Entrapment 

efficiency (%) 

NS1 100 200 4 653.41 79.46 

NS 2 300 50 4 418.26 78.21 

NS 3 100 125 2 947.36 65.42 

NS 4 200 200 2 944.87 73.44 

NS 5 200 50 6 208.34 89.78 
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NS 6 300 125 2 798.53 69.22 

NS 7 200 50 2 907.07 68.17 

NS 8 300 200 4 547.25 81.18 

NS 9 300 125 6 195.79 96.28 

NS 10 200 200 6 246.68 95.17 

NS 11 100 50 4 640.33 78.58 

NS 12 100 125 6 356.97 93.39 

 

2.3.1 Independent and Dependent variables 

Table 2: Independent and Dependent variables 

Independent variables Dependent variables 

(S1) Polymer Beta cyclodextrin (mg) (X1) Particle size (nm) 

(S2) Cross linker Diphenyl carbonate (mg) (X2) Entrapment efficiency EE (%) 

(S3) Stirring time (hrs)  

 

2.4 Evaluation parameter of nanosponges 

formulation 

2.4.1 Physical appearance  

The physical properties of the Barbaloin and 

Andrographolide-loaded nanosponge formulations 

were carefully evaluated to ensure overall 

formulation quality and stability. Visual inspection 

was performed to observe the shape, color 

uniformity, and general appearance of the 

nanosponges (Santos et al., 2019).  

2.4.2 Particle Size 

The particle size of the Barbaloin- and 

Andrographolide-loaded nanosponge formulations 

was determined using dynamic light scattering 

(DLS) with a particle size analyser (Abbas et al., 

2018). 

2.4.3 Zeta Potential  

The zeta potential of the Barbaloin- and 

Andrographolide-loaded nanosponge formulations 

was measured using a Malvern Zetasizer (Malvern 

Instruments) (Mashaqbeh et al., 2021).  

2.4.4 Scanning Electron Microscopy (SEM) 

Analysis  

The surface morphology and structural 

characteristics of the Barbaloin- and 

Andrographolide-loaded nanosponge formulations 

were examined using Scanning Electron Microscopy 

(SEM) (Raman et al., 2022).  

2.4.5 Drug Entrapment Efficiency  

To evaluate the entrapment efficiency of Barbaloin 

and Andrographolide in the nanosponge 

formulations, 10 mL of the drug-loaded nanosponge 

suspension was mixed with 5 mL of ethanol in a 

volumetric flask. The mixture was vortexed for one 

minute to ensure complete disruption of the 

nanosponges and release of the encapsulated drug. It 

was then diluted to a final volume of 10 mL using a 

suitable solvent. The resulting solution was filtered 

to remove any undissolved particles. The 

concentration of the released drug was determined 

using UV-Visible spectrophotometry. This data was 

used to calculate the entrapment efficiency, 

representing the percentage of drug successfully 

incorporated into the nanosponges. The entrapment 

efficiency was calculated using the following 

formula: 

Entrapment efficiency % = Total drug conc. - 

Supernatant drug conc. / total drug conc. × 100 

This method provides an accurate estimation of the 

amount of Barbaloin and Andrographolide 

successfully encapsulated within the nanosponge 

formulations (Salman et al., 2021).  

 

2.4.6 In Vitro Drug Release Study  

The release of Barbaloin and 

Andrographolide from nanosponge formulations 

was evaluated using the dialysis bag diffusion 

method. A measured amount of drug-loaded 

nanosponge suspension was placed in a pre-soaked 

dialysis membrane and immersed in 100 mL 

phosphate buffer (pH 7.4) at 37 ± 2 °C with constant 

stirring at 100 rpm. At specified time intervals, 2 

mL samples were withdrawn and replaced with 

fresh buffer. Samples were diluted and analyzed 

using UV-Visible spectrophotometry at their 

respective λmax to determine cumulative drug 

release. 

The release data were fitted to kinetic models to 

understand the release mechanism: 

• Zero-order: Constant release rate independent 

of concentration. 

• First-order: Release rate dependent on 

remaining drug concentration. 

• Higuchi: Diffusion-controlled release 

proportional to √time. 
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• Korsmeyer-Peppas: Log-log plot to 

determine release mechanism from polymeric 

nanosponges (Dubey et al., 2014). 

 

2.5 Antimicrobial Activity (Well Diffusion Assay) 

2.5.1 Anti-microbial Activity 

1. Preparation of Nutrient Agar Media 

An accurately weighed 2.8 gram of nutrient media 

was dissolved in 100 mL of distilled water. The pH 

of the medium was checked prior to sterilization to 

ensure it was appropriate for supporting microbial 

growth. The prepared solution was then sterilized in 

an autoclave at 121 °C and 15 psi for 15 minutes. 

After sterilization, the nutrient medium was poured 

aseptically into sterile Petri dishes inside a laminar 

airflow cabinet, allowing the agar to solidify under 

sterile conditions (Jain et al., 2020).  

 

2. Well Diffusion Assay  

The antibacterial activity of Barbaloin- and 

Andrographolide-loaded nanosponges was evaluated 

using the well diffusion assay against 

Staphylococcus aureus and Escherichia coli. 

Standardized bacterial suspensions (~10⁸ CFU/mL) 

were spread evenly on sterile nutrient agar plates. 

Wells were filled with the nanosponge formulations, 

with blank nanosponges as negative control and 

standard antibiotics as positive control. Plates were 

allowed to pre-diffuse for 30 minutes at room 

temperature, then incubated at 37 °C for 24 hours. 

Zones of inhibition around the wells were measured 

in millimeters to determine antimicrobial efficacy 

against both Gram-positive and Gram-negative 

bacteria (Al-Mariri and Safi 2014).  

 

2.6 Stability Studies  

The Barbaloin- and Andrographolide-

loaded nanosponge formulations were sealed and 

subjected to accelerated stability testing following 

ICH guidelines. The samples were stored under two 

controlled conditions: 25 ± 2 °C with 60 ± 5% 

relative humidity (RH) and 40 ± 2 °C with 70 ± 5% 

RH for a duration of three months. Stability 

evaluations were performed at predetermined 

intervals days 30, 45, 60, and 90 to monitor any 

variations in key parameters such as pH and 

viscosity. These assessments were crucial for 

determining the physical stability of the nanosponge 

formulations and ensuring that their quality, 

uniformity, and performance remained consistent 

under accelerated storage conditions (Provenza et 

al., 2014).  

 

III. RESULT 

 

3.1 Pre-formulation study of drug 

3.1.1 Organoleptic properties 

Table 3: Organoleptic properties of Barbaloin and Andrographolide 

Drug Organoleptic 

properties 

Observation of Barbaloin Observation of 

Andrographolide 

 

Barbaloin and 

Andrographolide 

Color Yellowish-brown White to off-white 

Odor Disagreeable, penetrating smell Not determined 

Appearance Yellow powder Crystalline powder 

State Crystalline powder Solid 

3.1.2 Melting point and pH determination 

 

Table 4: Melting point and pH determination 

Drugs Observed (pH) Reference 

(pH) 

Observed (Melting 

point) 

Reference (Melting 

point) 

Barbaloin 6.3 5.4-7.2 149°C 148-150 °C 

Andrographolide 3.8 2.0 to 4.0 231 °C 229 - 232°C 
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3.1.3 Calibration curve of Barbaloin 

 
Graph 1: Calibration curve of Barbaloin 

 
Graph 2: Calibration curve of Andrographolide 

 

 

Graph 3:-Calibration curve of Barbaloin and Andrographolide 

3.1.4 Functional group identified by Infra-Red spectroscopy 

 
Graph 4: FTIR study of Barbaloin 

 
Graph 5: FTIR study of Andrographolide 

 

3.2 Optimization of formulation by design of 

expert (DOE) software 

Tables 16 and 17 present the values of the 

dependent variables along with their corresponding 

ratios. The formulation experiment involved a 

specific component mixture, resulting in the 

preparation of 12 distinct batches of nanospheres. 

Each batch was evaluated for the designated 

responses. Upon analyzing the data from 12 

experimental runs, it was determined that a linear 

model provided the best fit for both dependent 

variables. To evaluate the model's statistical 

significance compared to alternative models, an 

Analysis of Variance (ANOVA) was conducted. All 

responses were recorded across the 12 runs, and the 

tables illustrate the correlation between the 

independent and dependent variables 
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3.2.1 Build Information 

Table 5: Build information of DOE software 

File Version 12.0.1.0 
  

Study Type Response Surface Subtype Randomized 

Design Type Box-Behnken Runs 12 

Design Model Quadratic Blocks No Blocks 

 

3.2.2 Independent and Dependent variables 

Table 6: Independent and Dependent variables 

Independent variables Dependent variables 

(S1) Polymer Beta cyclodextrin (mg) (X1) Particle size (nm) 

(S2) Cross linker Diphenyl carbonate (mg) (X2) Entrapment efficiency EE (%) 

(S3) Stirring time (hrs)  

 

3.2.3 Formulation trials as per Box–Behnken design  

 

Table 7: Formulation trials as per Box–Behnken design 

Run Polymer 

Beta cyclodextrin 

(mg) 

Cross linker 

Diphenyl carbonate 

(mg) 

Stirring Time 

(hrs) 

Particle 

size (nm) 

Entrapment 

efficiency (%) 

NS1 100 200 4 653.41 79.46 

NS 2 300 50 4 418.26 78.21 

NS 3 100 125 2 947.36 65.42 

NS 4 200 200 2 944.87 73.44 

NS 5 200 50 6 208.34 89.78 

NS 6 300 125 2 798.53 69.22 

NS 7 200 50 2 907.07 68.17 

NS 8 300 200 4 547.25 81.18 

NS 9 300 125 6 195.79 96.28 

NS 10 200 200 6 246.68 95.17 

NS 11 100 50 4 640.33 78.58 

NS 12 100 125 6 356.97 93.39 

 

3.2.4 Limits of Variables (Constraints) 

Table 8: Variables operating range for Nanosponges formulation 

Name Goal Lower Limit Upper Limit Importance 

A: Polymer is in range 100 300 3 

B: Cross linker is in range 50 200 3 

C: Stirring Time is in range 2 6 3 

Particle size none 195.79 947.36 3 

Entrapment efficiency none 65.42 96.28 3 

 

3.2.5 Fit Summary 

Table 9: Response 1: Particle size 

Source Sequential p-value Adjusted R² Predicted R² 
 

Linear < 0.0001 0.9856 0.9764 Suggested 

2FI 0.4918 0.9852 0.9612 
 

Quadratic 0.9212 0.9766 0.8979 Aliased 
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3.3 Effect of formulation variables on particle size (ANOVA for Linear model) 

3.3.1 Response 1: particle size  

 

Table 10:  Response 1: particle size (ANOVA for Linear model) 

Source Sum of Squares Mean Square F-value p-value 
 

Model 8.954E+05 2.985E+05 251.40 < 0.0001 significant 

A-Polymer 50918.79 50918.79 42.89 0.0002 
 

B-Cross linker 5951.95 5951.95 5.01 0.0555 
 

C-Stirring Time 8.385E+05 8.385E+05 706.30 < 0.0001 
 

Residual 9497.93 1187.24 
   

Cor Total 9.049E+05 
    

 

Factor coding is coded. Sum of squares is Type III – Partial. The Model F-value of 251.40 implies the model is 

significant. There is only a 0.01% chance that an F-value this large could occur due to noise. P-values less than 

0.0500 indicate model terms are significant. 

 

Table 11:  Coefficients in Terms of Coded Factors 

Factor Coefficient 

Estimate 

Standard 

Error 

95% CI Low 95% CI High VIF 

Intercept 572.07 9.95 549.13 595.01 
 

A-Polymer -79.78 12.18 -107.87 -51.69 1.0000 

B-Cross linker 27.28 12.18 -0.8159 55.37 1.0000 

C-Stirring Time -323.76 12.18 -351.85 -295.66 1.0000 

 

3.3.2 Final Equation in Terms of Coded Factors 

Particle size (X1) = +572.07 Intercept -79.78AX1 +27.28 B X2 -323.76 C X 3 The equation in terms of coded 

factors can be used to make predictions about the response for given levels of each factor. By default, the high 

levels of the factors are coded as +1 and the low levels are coded as -1. The coded equation is useful for 

identifying the relative impact of the factors by comparing the factor coefficients 

 

  
Figure 1: Graphical representation of Normal plot of Residuals, Residuals vs run of Nano sponges 

formulation on Particle size 

 

3.3.3 Predicted value and actual value of all formulations 

 

Table 12: Predicted value and actual value of Particle size and Entrapment efficiency 

Formulations Actual Value 

(Particle size) 

Predicted Value 

(Particle size) 

Actual Value 

(Entrapment 

efficiency) 

Predicted Value 

(Entrapment 

efficiency) 

NS 1 653.41 679.13 79.46 81.50 

NS 2 418.26 465.02 78.21 79.88 

NS 3 947.36 975.61 65.42 67.39 
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NS 4 944.87 923.10 73.44 70.21 

NS 5 208.34 221.04 89.78 91.17 

NS 6 798.53 816.05 69.22 69.40 

NS 7 907.07 868.55 68.17 66.58 

NS 8 547.25 519.57 81.18 83.51 

NS 9 195.79 168.54 96.28 93.99 

NS 10 246.68 275.59 95.17 94.80 

NS 11 640.33 624.58 78.58 77.87 

NS 12 356.97 328.10 93.39 91.98 

 

 
Graph 7: graphical representations of Predicted 

value and actual value of all Nano sponges 

formulations 

 

 

 
Graph 8: graphical representations of Predicted 

and actual value of Entrapment efficiency 

 

 

 

Figure 2: Response surface plot showing combined effect of polymer and Cross linker on particle size of 

Nanosponges 

 

3.3.4 Effect of formulation variables on Entrapment efficiency 

Table 13: Response 2: Entrapment efficiency (Fit Summary) 

Source Sequential p-value Adjusted R² Predicted R² 
 

Linear < 0.0001 0.9581 0.9315 Suggested 

2FI 0.9799 0.9353 0.8305 
 

Quadratic 0.5861 0.9244 0.6702 Aliased 

 

3.3.5 ANOVA for linear model 

3.3.5.1 Response 2: EE (ANOVA Linear) 

Table 14:  Response 2: Entrapment efficiency 

Source Sum of Squares Mean Square F-value p-value 
 

Model 1243.98 414.66 84.93 < 0.0001 significant 
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A-Polymer 8.08 8.08 1.65 0.2343 
 

B-Cross linker 26.32 26.32 5.39 0.0488 
 

C-Stirring Time 1209.58 1209.58 247.74 < 0.0001 
 

Residual 39.06 4.88 
   

Cor Total 1283.04 
    

Factor coding is Coded. Sum of squares is Type III – Partial. The Model F-value of 84.93 implies the model is 

significant. There is only a 0.01% chance that an F-value this large could occur due to noise. P-values less than 

0.0500 indicate model terms are significant. In this case B, C are significant model terms. 

 

Table 15:  Coefficients in Terms of Coded Factors 

Factor Coefficient Estimate Standard Error 95% CI Low 95% CI High VIF 

Intercept 80.69 0.6379 79.22 82.16 
 

A-Polymer 1.00 0.7812 -0.7965 2.81 1.0000 

B-Cross linker 1.81 0.7812 0.0123 3.62 1.0000 

C-Stirring Time 12.30 0.7812 10.49 14.10 1.0000 

 

3.3.5.2 Final Equation in Terms of Coded Factors 

Entrapment efficiency (X2) = +80.69 Intercept +1.00 A X1 +1.81 B X2 +12.30 X3 The equation in terms of 

coded factors can be used to make predictions about the response for given levels of each factor. By default, the 

high levels of the factors are coded as +1 and the low levels are coded as -1. The coded equation is useful for 

identifying the relative impact of the factors by comparing the factor coefficients. 

 

 
 

Figure 3: Graphical representation of Residuals vs run, Normal plot of Nanosponges formulation on 

Entrapment efficiency 

  

Figure 4: Two-dimensional contour plots for the effect of polymer and Cross linker concentration on % 

entrapment efficiency and predicted vs. actual  
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Figure 5: Response surface plot showing prediction data for 

optimization 

 
Figure 6: Overlay plot for 

optimization formulation 

3.3.6 Optimized formula of Nanosponges formulation 

Table 16: Optimized formula of Nanosponges formulation 

Polymer Beta 

cyclodextrin 

(mg) 

Cross linker 

Diphenyl 

carbonate 

(mg) 

Stirring 

time (hrs.) 

particle 

size (nm) 

Entrapment 

efficiency (%) 

Desirability 
 

200.000 200.000 2.000 923.104 70.209 1.000 
 

300.000 125.000 6.000 168.535 93.993 1.000 Selected 

100.000 50.000 4.000 624.575 77.873 1.000 
 

 

Table 17: Final Composition of optimized Nanosponges formulation as per Design of experiment 

approach 

Formulation Polymer Beta 

cyclodextrin (mg) 

Cross linker Diphenyl 

carbonate (mg) 

Particle 

size (nm) 

Entrapment 

efficiency (%) 

Stirring 

time (Hrs) 

NS 300.000 125.000 168.535 93.993 6.000 

 

3.4 Characterization of optimized Nanosponges formulation 

3.4.1 Physical Appearance 

 

Table 18: Physical Appearance of Barbaloin and Andrographolide loaded Nanosponges 

Parameter Observation 

Color Light yellow to yellow 

Odor Characteristic 

Appearance Small, spherical particles 

State Fine powder 

 

3.4.2 Particle size and Zeta potential 

 
Graph 9: Particle size of optimized formulation 

 
Graph 10: Zeta potential of optimized 

formulation 

Table 19: Nanosponges formulation of Particle size, Zeta potential and Entrapment efficiency 

Formulation Particle size 

(Predicted 

Particle size 

(Actual value) 

Zeta 

potential 

Entrapment 

efficacy (Predicted 

Entrapment 

efficacy 
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value) value) (Actual value) 

Nanosponges   168.535 nm 170.21 nm -1.8 mV 93.993 % 89.53 %  

 

3.4.3 SEM analysis of Optimized formulation 

 
Figure 7: Scanning electron microscope (SEM) and microscopy image 

 

3.5 In Vitro drug release study  

Table 20: In-vitro drug release studies 

Time (Hr) cumulative % 

drug released 

% drug 

remaining 

Square 

root time 

log Cumu % 

drug remaining 

log 

time 

log Cumu % 

drug released 

0 0 100 0.000 2.000 0.000 0.000 

3 22.24 77.76 1.732 1.891 0.477 1.347 

5 38.15 61.85 2.236 1.791 0.699 1.581 

7 48.33 51.67 2.646 1.713 0.845 1.684 

9 57.25 42.75 3.000 1.631 0.954 1.758 

11 64.41 35.59 3.317 1.551 1.041 1.809 

13 82.3 17.7 3.606 1.248 1.114 1.915 

16 90.8 9.2 4.000 0.964 1.204 1.958 

18 96.69 3.31 4.243 0.520 1.255 1.985 

 

 
Graph 10: Drug release study 

 

Table 21: Correlation value (R2 value) 

Formulation Model Kinetic parameter values 

 

 

Nanosponges Formulation 

Zero Order R² = 0.979 

First Order R² = 0.886 

Higuchi R² = 0.884 

Korsmeyerpeppas R² = 0.891 
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Graph 11: Zero order 

 
Graph 12: First Order 

 
Graph 13: Higuchi 

 
Graph 14: Korsmeyer peppa 

 

3.6 Antimicrobial Activity (Well Diffusion Assay) 

    
Figure 8: In-vitro antimicrobial activity of S. aureus and E. coli 

 

Table 22: Antimicrobial activity of Barbaloin and Andrographolide loaded nanosponges formulation 

Sample name Zone of Inhibition (mm) S. aureus Zone of Inhibition (mm) E. coli 

F1 (Control) 0.0 0.0 

F2 (1mg/ml) 4.4 3.1 

F3 (1.5 mg/ml) 7.4 8.7 

 

 
Graph 15: Graphical representation of nanosponges formulation 
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3.7 Stability study 

Table 23: Stability Study of optimized nanosponges formulation 

Time 

(Days) 

250C±2 0C and 60 ± 5% RH 400C±2 0C and 70 ±5% RH 

Particle size (nm) Entrapment efficiency 

(%) 

Particle size (nm) Entrapment efficiency 

(%) 

0 170.21 nm 89.53 % 170.21 nm 89.53 % 

30 170.34 nm 89.34 % 170.29 nm 89.72 % 

45 170.52 nm 89.45 % 170.38 nm 89.65 % 

60 170.43 nm 89.62 % 170.47 nm 89.24 % 

90 170.73 nm 89.72 % 170.59 nm 89.55 % 

 

IV. CONCLUSION 
This study successfully utilized the Design 

of Experiment (DOE) approach to formulate and 

optimize Barbaloin and Andrographolide-loaded 

nanosponges. The optimized formulations 

demonstrated desirable characteristics, including 

suitable particle size, high entrapment efficiency, 

controlled drug release, and effective antimicrobial 

properties. These results suggest that the developed 

nanosponges could be a promising formulation for 

the safe and effective treatment of psoriasis, offering 

controlled drug delivery, enhanced bioavailability, 

and stability. 
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