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Abstract: 

Econazole nitrate, an antifungal drug used in the handling of skin ailments, is commercially 

not efficient as these ailments typically require a more elevated concentration of the drug to 

offer an effective pharmacological retort. Like so, it is proposed to assess the effectiveness of 

the topical hydrogel of econazole-loaded nanosponge in the management of skin 

ailment(s). Econazole nitrate-laden β-cyclodextrin nanosponges were developed by 

employing the melt method using β-cyclodextrin as the organic polymer and N,N-

carbonyldiimidazole as the crosslinker. The critical factors disturbing the quality of the 

formulation were uniquely identified by the Ishikawa diagram, and they were optimized by 

the statistical experiment design concept. β-cyclodextrin loaded nanosponges were uniquely 

designed using the Placket-Burman approach and optimized utilizing the Box-Behnken 

method. The optimized nanosponges (EN-CDN) were  421.37±6.19 nm in size with an 

entrapment efficiency of 70.13%±5.73%. The topical hydrogel of nanosponges (EN-TG) was 

prepared using carbopol 934 and pyrrolidone as permeation enhancers. In 

vitro skin permeation studies affirmed the improved transport crosswise the goatskin for 

topical hydrogel in comparison to the marketed product. EN-TG was able to control the 

fungal infection in the selected animal model in comparison to the marketed 

preparation. Stability studies reported favorably that nanogel remained stable under normal 

and accelerated settings. 

Keywords: Cyclodextrins; poorly soluble drug(s); quality by design; permeation enhancer(s); 

particle size; Econazole nitrate; antifungal; nanomedicine. 

 

 

 

 

 

 

 



1. INTRODUCTION 

The use of biopolymers such as polysaccharides for the delivery of drugs is the need 

of the hour, say, they are non-allergenic, non-mutagenic, non-irritating, and non-toxic. 

Biodegradable, non-toxic materials like cyclodextrins are finding much attention because of 

their potential to form non-covalent complexes with drug molecules 1–5. Cyclodextrins (CDs) 

are the cyclic oligosaccharides that are formed by the enzymatic degradation of starch using 

cyclodextrin glycosyltransferases (CGTases, produced from various Bacillus species) and 

partly α-amylases 6 with an α-1,4 linked α-D-glucopyranose unit hydrophilic outer surface 

and a lipophilic central cavity 7–9.  

Cyclodextrin-based nanosponges are novel nanostructured materials with few 

nanometer cavities and can be easily formulated by reacting hyper cross-linked (cyclic 

oligosaccharides) 10–12 with apposite cross-linking reagents such as carbonyldiimidazole or 

diphenylcarbonate 13–15. Cyclodextrin nanosponges possess excellent features like a simplistic 

synthesis, can enhance the aqueous solubility of the drugs by forming inclusion complexes, 

incorporation of lipophilic less hydrophilic moieties in their central cavities thus increasing 

bioavailability and stability, reduction of side effects, biocompatibility 16–18. They have been 

successfully used to deliver drugs like nifedipine 19, rilpivirine 20,21, rosuvastatin calcium 22, 

efavirenz 23, doxorubicin, and captopril 24, reservatrol 25,  curcumin 26, norfloxacin 27, and 

many more.   

Nanosponges are considered safe for oral and invasive routes, hence may well be 

utilized for drug transport. The minuscule dimensions of nanosponges aid its applicability in 

pulmonary and venous delivery of drugs 28. For topical delivery, nanosponges can be 

effectually fused into topical hydrogels 29,30. For their transdermal delivery, cyclodextrins are 

recognized for their penetration enhancer role for lipophilic drugs, they also assist in the 

solubility enhancement of poorly water-soluble drugs such as some of the antifungal drugs 

which are deprived of changing the intrinsic ability to cross the lipophilic membranes 31–33. 

Sharma R & Pathak K (2011) developed topical hydrogels of econazole-loaded nanosponges 

for transporting the drug across the skin membrane. They reported that the formulation not 

only provided prolonged drug delivery, it also reduced associated side effects, reduced 

frequency of drug administration, and reduction in total dose 29. Abbas et al., (2019) prepared 

nanosponges-based hydrogels of fluconazole and stated that the ex vivo permeation of the 

developed formulation exhibited adequate drug permeation through abdominal rat skin 34. 
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Econazole nitrate is an imidazole antifungal drug and is commonly given via topical 

route for the handling of superficial candidiasis, dermatophytosis, pityriasis Versicolor, and 

skin contagions. Most of the market preparations integrate a higher concentration of the drug 

to attain effective pharmacological effects. Also, the drug is sluggishly absorbed which 

causes accumulation of the drug underneath the epidermis which retards its transport across 

the skin. Thus, regulation of drug release will enhance the efficacy of the econazole nitrate-

loaded nanosponges and will lower the application frequency 35,36. 

To attain the quality of nanosponge formulation, here in this study, the perception of 

Quality by Design (QbD) has been implied, which is a methodical, risk-based, upbeat tactic 

for the development of pharmaceuticals. QbD embraces thoughtful design and development 

of formulations and recognizes how the dependent and independent variables characteristics 

and methods are associated with the product performance 37,38. QbD is a strategic process 

initializing with a quality target product profile (QTPP) considering quantified risk 

assessment (QRA) and risk analysis to identify critical quality attributes (CQAs) and critical 

process parameters (CPPs). Further expanding the design, the next stage follows 

experimental design (DoE) with the assistance of CPPs signifying substantial parameters on 

the quality of the product are selected, thus leading to the selection of an effective process. 

Accordingly, QbD can be an effective tool to design and validate the quality of the product 

during an entire process and can be successfully utilized for exploring novel drug delivery 

systems 39,40. Pawar S and Shende P, 2020, developed a dual drug (artemether and 

lumefantrine) loaded cyclodextrin nanosponges using the solvent evaporation method and 

statistically optimized 23 full factorial designs. They concluded that the hypercross-linked-

cyclodextrin can efficiently serve for the controlled release formulations of BCS class II and 

IV drugs 41.  

The novelty of this study ensues in its designing of a nanosponge formulation using 

QbD methods by the identification and lowering of the risk factors involved in the 

formulation of a quality product. This enables the formulator to corroborate the formulation 

using lesser number of experimentations within the design of experiments. Thus, the study 

was designed to screen out the critical independent factors during the formulation of the 

nanosponges using Placket-Burman’s design and then to optimize CPPs via QbD to identify 

CQAs such as particle size and %entrapment efficiency using a 3-factor, 3-level-Box-
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Behnken approach. Further, the study also aims to assess the effectiveness of the developed 

formulation, ex vivo, and in vivo. 

2. MATERIALS AND METHODS 

2.1 Materials 

Econazole nitrate (95%), β-cyclodextrin, N, N-carbonyldiimidazole (CDI), Carbopol 

934, triethanolamine, methylparaben, propylene glycol, n-methyl-2-pyrrolidone were 

acquired from Yarrow chem, Mumbai, India.  

2.2 Animals 

Male albino Wistar rats were selected for in vivo antifungal studies. Experimental rats 

were duly accustomed to the test site set in a properly ventilated animal house at a 

temperature of 25±2ºC and 75% relative humidity with light and dark cycles of 12:12h. They 

were fed a laboratory diet and water ad libitum during the experimentations.  

2.3 Experimental Design 

2.3.1 Screening of factors 

Succeeding the initial risk valuation, a preliminary screening design experimentation, 

such as fractional factorial designs (i.e., resolution III and IV), Placket–Burman designs, or 

Taguchi-orthogonal array are applied to appraise the comparative significance of formulation 

and process variables. In the current research, the possible risk factors over the quality of the 

product (CQAs i.e., particle size and %entrapment efficiency) were identified by the 

Ishikawa diagram (Fig. 1) and were screened further.  

The following is a hypothetical nine-factor problem concerning a nanosponge 

formulation using a 12-run Placket-Burman design where it was assumed that no alias effect 

existed. The screening of factors was accomplished using Placket-Burman design utilizing 

Minitab 17 Statistical software. Screening of critical independent factors amongst several 

factors, for instance, polymer-crosslinker ratio, temperature, heating time, stirring speed and 

time, homogenization speed and time, beaker size and bead size, which imparts significant 

effect over particle size and entrapment efficiency.The polymer & crosslinker ratio, 

temperature, heating time, stirring speed, stirring time, homogenization speed and time, and 

were set at three levels coded as +1, 0 and -1 (Table 1). Independent variables were selected 
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by 12 runs of the Placket-Burman design (Table 2). The levels for independent variables were 

nominated based on previous reports 42.  

Y= A0 + A1X1 + A2X2 + A3X3 + A4X4 + A5X5 + A6X6 + A7X7 + A8X8 + A9X9  [1]

 Where Y is the response, A0 is the constant, A1 to A9 are the coefficients of response 

values, X1 to X9 are the independent variables 

2.3.2 Optimization of formulations (Box Behnken Design) 

The design of experiments (DoE) has been used as an influential tactic to lessen the 

disparity in the development of the formulation and eventually, to fabricate nanosponges with 

high product yield and unvarying particle size. Optimization of the formulation was done 

using conventional techniques. Of Box- Behnken and Central Composite designs, the former 

was preferred to optimize the econazole nitrate-loaded nanosponge formulation (EN-CDN) 

using independent variables like polymer-crosslinker ratio, stirring speed, homogenization 

time and speed, and prudently assessing their effects on the dependent variables: particle size 

(Y1) and entrapment efficiency (Y2) (Table 3) selected through Placket-Burman design 43. 

The ratio of polymer and crosslinker (β-CD: CDI, X1), the stirring speed (X2), the 

homogenization time, and speed (X3 and X4 respectively) were identified as the independent 

variables and their values to formulate each of the 27 formulations are given in table 4. The 

polynomial equation engendered for Box-Behnken design is: 

Y=b0+b1X1+b2X2+b3X3+b4X4+X1
2+X2

2+X3
2+X4

2+b12X1X2+b13X1X3+b14X1X4+b23X2X3+b24X2

X4+b34X3X4          [2] 

           

Where Y is the measured response associated with each level factor combination, b0 is 

an intercept, b1 to b34 are the regression coefficients computed from the observed 

experimental values of Y from experimental runs, X1-X4 are the coded levels of independent 

variables, X1
2, X2

2, X3
2, X4

2, X1X2, X1X3, X1X4, X2X3, X2X4, X3X4 are the linear interaction and 

quadratic terms, respectively.  

2.3.3 Synthesis of β-cyclodextrin nanosponges (CDN) 

Nanosponges (NS) were developed by melt method with few modifications using β-

cyclodextrin as polymer and N, N-carbonyldiimidazole as a cross-linker in different ratios as 

reported by Trotta et al., 2009 44 Totta and Tumiatti, 200344 . In a 100 ml conical flask, finely 
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homogenized anhydrous β-cyclodextrin and N, N-carbonyldiimidazole were mixed. The flask 

was slowly heated to 100°C and the mixture was left to react for 5 h under magnetic stirring. 

Afterward, the blend was cooled and the product was homogenized using a homogenizer 

(Ultra Turrax, Germany). The solid was recurrently washed away with distilled water and 

acetone to get rid of unreacted β-cyclodextrin and N, N-carbonyldiimidazole, respectively. 

Subsequently purifying the nanosponges, they were vacuum dried and kept at 25°C till 

further usage 45,46.  

2.3.4 Loading of econazole nitrate into nanosponges (EN-CDN) 

Drug loading was accomplished by the solvent evaporation method. 100 mg of 

econazole nitrate was dissolved in 5 mL of chloroform to form a solution. 0.5 gram of 

nanosponges were added to this solution and triturated until chloroform vanished. During 

trituration, the tufts of nanosponges were formed. The solid dispersion so obtained was dried 

in an oven for 4 hrs (at 50°C) to eliminate traces of solvent and was sifted through 60# 47. 

The drug-loaded nanosponges (EN-CDN) were dispersed in deionized water with the aid of 

the magnetic stirrer at 600 rpm for 2 hours to form a nanosuspension. The aqueous 

nanosuspension of nanosponge formulation was then homogenized to reduce the particle size 

using Ultra Turrax for 10 minutes at 10000 rpm. The unloaded drug was precipitated by 

centrifugation at 2000 rpm for 10 minutes. The supernatant was lyophilized and stowed in a 

desiccator at 20oC.  

2.4 Particle size, polydispersity index, zeta potential determination, and morphological 

examination 

The mean particle size, polydispersity index, and zeta potential of the optimized 

nanosponge formulation (EN-CDN) were determined using Nanosizer ZS (Malvern 

Instruments, UK). The samples (100 mg) were diluted in deionized water (5 mL) to avert 

agglomeration erstwhile to measurements. The morphological features of pure drug, placebo 

nanosponges, and EN-CDN were detected by Scanning Electron Microscopy at appropriate 

magnifications using a Quanta 200 model from FEI, USA. The aqueous nanosuspension was 

scattered over the gold-coated aluminum stub of 300Å thickness. Micrographs of the samples 

were then taken at suitable magnifications.  

2.5 Physicochemical characterization through FTIR, DSC, and XRD 
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FTIR spectrum of the samples was obtained by using the Perkin Elmer system 2000, 

UK. Pellets of pure drug, polymer, drug-loaded nanosponges were prepared by using 

potassium bromide (KBr) and drug/polymer samples in the ratio of 3:1 by applying high 

pressure of 15 tons in the region of 4000 cm−1 to 400 cm−1.  

Pure econazole nitrate, the physical mixture of drug and polymer, and EN-CDN 

(equivalent to the same amount of drug) were subjected to differential scanning calorimetry 

(Perkin Elmer, Pyris Diamond, UK). Temperature and enthalpy were calibrated using 

alumina powder standards. Each sample was completely sealed in an aluminum pan which 

was heated in the range of 300-400oC at the rate of 10oC/per minute under nitrogen purging.  

X-ray diffraction studies of pure drug and drug-loaded nanosponges were conducted 

by employing the PANalytical Xpert pro unit working at 35 kW and 20 mamps. Samples 

were analyzed with successive assemblages of reflections between 5o-60o 2θ. The graph was 

prepared using origin pro software from the raw data. 

2.6 %entrapment efficiency 

The %entrapment efficiency of EN-CDN was determined through centrifuging the 

nanosponges in methanol (Remi, India) at 10000 rpm for 30 min. The concentration of the 

drug in the supernatant was determined by UV Spectrophotometer (Shimadzu, 1700, Japan) 

at 270 nm 29,48. Entire measurements were done in triplicate and average values were noted 

down. 

2.7 In-vitro drug release studies 

In-vitro drug release was done employing Franz diffusion cell of 5 mL volume and an 

internal diameter of 1 cm. The econazole nitrate-loaded nanosponges (EN-CDN) were 

permeated through a dialysis membrane (MW. 12-14 KDa). 200 mg of the formulation was 

placed in the donor compartment. The receptor medium was filled with phosphate buffer of 

pH 7.2 and constantly stirred with a small magnetic bead. During the experiment, the 

temperature was sustained at 37±0.5°C to simulate the human skin condition 49,50. 1 mL of 

samples were withdrawn at 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 24 hrs, and replaced with fresh 

receptor solution. The samples withdrawn were analyzed spectrophotometrically at 270 nm. 

The amount of drug released was calculated and the percentage drug released was plotted 

against time. Data obtained from the drug release tests were fitted into various kinetic models 
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such as zero order, first order, Higuchi square model, Korsmeyer-Peppas model, and Hixon-

Crowell model to find out the in vitro release kinetics behavior of econazole nitrate-loaded 

nanosponges using PCP Disso Software Ver. 3.0.  

2.8 Formulation of topical hydrogel containing econazole nitrate-loaded nanosponges 

2.8.1 Preparation of econazole nitrate nanogel 

The required quantities of drug equivalent dried nanosponges were taken in a 250 mL 

volumetric flask, to this, 100 mL of methanol was added to remove the free drug. The drug-

loaded nanosponges were parted from the free drug by centrifugation and were dispersed into 

distilled water with the aid of a mechanical stirrer to form a nanosuspension 51. For 

nanosponge gel formulation, a quantified amount of carbopol 934 was drenched in water 

overnight followed by stirring at 800 rpm to obtain a homogeneous dispersion. EN-CDN and 

methylparaben were incorporated into the carbopol 934 solutions with stirring at 500 rpm, to 

form a smooth dispersion. Stirring was done for 15 minutes so that the slightest air entrapped, 

could leak out. Apposite quantities of triethanolamine (2% w/w) and n-methyl-2-pyrrolidone 

(10% w/w) were mixed with this solution and assorted up until the gel was formed. The gel 

was transferred to a measuring cylinder and the volume was made up to 100 mL with distilled 

water. The so obtained gels were filled in collapsible tubes. The nanogel formulation was 

coded as EN-TG and was further evaluated for ex vivo and in vivo antifungal activity 52 and 

stability studies. 

2.8.2 Evaluation of nanosponge gel 

2.8.2.1 Physical appearance 

The developed gel formulation was appraised for its physical presence and the 

incidence of any aggregate, particles, or fibers. 

2.8.2.2 pH 

The pH of the hydrogel formulation was noted with the aid of a digital pH meter 

(Jyoti Scientific, India). 5 mg of econazole nitrate nanosponge-loaded hydrogel was 

uniformly dispersed in 5 mL of distilled water and kept for 2 hours at room temperature. 

Then, the pH of the dispersion was measured at 25°C. 

2.8.2.3 Drug content 
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500 mg of nanosponge hydrogel was added to a 50 mL volumetric flask, to this, 

methanol as a solvent was added to extract the drug from the nanogel using centrifugation. 

Econazole nitrate concentration was measured by taking the absorbance at 270 nm by 

employing a UV spectrophotometer (UV 1800, Shimadzu, Japan).  

2.8.2.4 Viscosity 

The viscosity of econazole nitrate-loaded nanosponge hydrogel was measured at 25oC 

using a Brookfield viscometer ((Prime Rheometer DV 1, India) with spindle number 61 at 50 

rpm. 

2.8.2.5 Spreadability 

350 mg of nanogel was placed on a glass plate and one more glass plate was let fall 

onto it from a distance of 5 cm. Spreadability was determined using the equation: 

S= M x L/T          [3] 

            

Where S is the Spreadability, M is the weight tied to the upper side, L is the length of the 

glass slide and T is the time taken to separate the slide from each other 

2.9 In vitro skin permeation studies of Nanogel 

Skin permeation studies were conducted to assess the drug diffusion capability of 

econazole nitrated loaded nanogel EN-TG. Hairs from the goatskin (procured from the local 

slaughterhouse) were shaved using a shaver. The excised goatskin was cleaned with distilled 

water and then placed on the Franz diffusion cell with stratum corneum facing the donor 

compartment and dermis side fronting the receptor compartment leaving a diffusion area of 2 

cm2. The acceptor compartment had a volume of 15 mL and was filled with PBS (pH 7.4) 

and was allowed to equilibrate in a 37±1°C water bath with stirring. 500 mg of EN-TG was 

placed on the skin surface in the donor compartment. One mL sample was collected at a 

regular period which was replenished by fresh media and analyzed at 270 nm by UV 

spectrophotometer. The flux rate (J) was determined using PCP Disso 2.0 software 29,53. 

J = V/A x dc/dt          [4] 
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Where V is the receptor volume, A is the surface area, and c is the concentration in receptor 

phase and t is the time 

2.10 Stability studies 

The stability studies were conducted on the EN-TG ensuing ICH Guidelines Q1C. 

The selected batch of topical gel of econazole nitrate-loaded nanosponges formulation was 

stored in sealed aluminum tubes at room temperature (25±2◦C/60±5% RH) and under 

accelerated storage conditions i.e. 40±2◦C/75±5% RH in humidity control ovens for 3 months 

10. After  forty five, and ninety days, the sample was analyzed for in vitro drug release, 

viscosity, drug content, spreadability, pH, and data obtained were compared with the initially 

formulated batch. 

2.11 Statistical analysis 

Data are expressed as mean±SEM and statistical analysis was conducted by two-way 

ANOVA followed by t-test using GraphPad Prism 5.0 software (Graph pad software, San 

Diego, CA). A p value < 0.05 was considered as statistically significant. 

2.11 Antifungal Activity 

The antifungal activity of the EN-TG was appraised by using the zone of inhibition 

method against Candida albicans. Microbial inoculums of Candida albicans (0.5% v/v) were 

spread over the nutrient-agar media in the petri dish. After solidification of the agar plate, a 

well of 10 mm in diameter was prepared. The marketed product and EN-TG were put into the 

wells using a sterile syringe. After incubation for 12 and 24 hours, the radius of the zone of 

inhibition was measured and equated with the zone of inhibition for both the preparations 54.  

2.12 In-vivo study 

An in-vivo study was performed after approval from IEAC (Institutional Ethical 

Animal Committee) with approval no. BU/Pharm/IEAC/a/18/01. The antifungal activity of 

EN-TG was tested. Nine male albino Wistar rats were used in the experiment. Three groups 

namely A, B, and C were categorized with three animals each. The hairs were shaved from 

their flanks with the help of a shaver. The skin area of about 20mm diameter on each flank 

was scratched with an abrasive scraper. Fungal infection was induced over the scarified skin 

by applying a few drops of the culture of Candida albicans 55. Infested rats were kept 
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separately in wire bottom cages with free access to food and water ad libitum. Fungal 

infection was allowed to grow for the first five days and on the sixth day, treatment was 

started by applying control, marketed, and test gel formulation to the infected sites for 

another 14 days. Groups A, B, and C were treated with control formulation, marketed 

formulation, and EN-TG formulation correspondingly and were observed for treatment. 

3. RESULTS AND DISCUSSIONS 

3.1 Screening of Factors 

From the initial experiments using the Placket-Burman design, it was pragmatic that 

the polymer/crosslinker ratio, stirring speed, homogenization speed, and time played a 

decisive part in the design of the nanosponge formulation. The preparation variables were 

considered as a function of the particle size and entrapment efficiency which were elucidated 

using the Placket-Burman design. The following non-linear equation describes the 

quantitative consequences of various independent factors on particle size and entrapment 

efficiency. 

Particle size = 388.1 + 43.11 Polymer/Crosslinker ratio + 0.094 Temperature + 4.08 Heating 

time (hr) - 0.03542 Stirring speed - 0.83 Stirring time (hr) + 0.002700 Homogenisation speed 

+ 1.433 Homogenisation time - 0.0073 Beaker size - 0.75 Bead size   [5] 

The R-squared value for particle size was found to be 97.46%. All influences 

displayed a p-value greater than 0.05 except polymer-crosslinker ratio and stirring speed 

which was 0.037 and 0.047 (p < 0.05) in the case of particle size which specifies that 

polymer-linker ratio and stirring speed exhibited a significant effect on particle size. This can 

be observed clearly from the Pareto chart which is the supportive chart for identifying 

dependent and independent variables for the final formulation (Fig. 2). The Pareto chart 

portrays the outcome of the acquaintances amid the independent variables and their 

reasonable significance on the particle size. The length of each bar in the Pareto chart 

indicates the homogeneous outcome of that factor on the response. The bars remaining inside 

the reference line links to the slightest contributing factor or the factor that is contributing 

factor or the factor which does not impart a significant effect in deciding the particle size of 

the nanosponges. This can be established by the very small coefficient of temperature, 

heating time, stirring time, beaker size, and bead size.  
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Entrapment Efficiency = 45.31 + 1.33 Polymer/Crosslinker ratio + 0.0389 

Temperature + 0.583 Heating time (hr) - 0.00625 Stirring speed - 1.83 Stirring time (hr) + 

0.001167 Homogenisation speed + 0.967 Homogenisation time - 0.00733 Beaker size + 

0.250 Bead size         [6] 

The R-squared value for entrapment efficiency was 97.28% where all factors 

displayed a p-value greater than 0.05 except for homogenization speed and time which were 

found to be 0.029 and 0.041 respectively (p < 0.05). All other factors had a trivial effect on 

entrapment efficiency, observable from the Pareto chart of the standardized effects (Fig. 3).  

3.2 Optimization of the formulation by Box-Behnken design  

Using Placket Burman Design, four factors viz., polymer-crosslinker ratio, stirring 

speed, homogenization speed, and time were identified which had a significant effect on 

particle size and entrapment efficiency. Employing a 3-factor, 3-level, Box Behnken Design, 

27 nanosponge formulations were optimized and appraised for particle size and entrapment 

efficiency.  

3.2.1 Effect of dependent variables on particle size 

The particle size of all the formulation was in the range of 421±1.82 - 471±4.33 nm as 

given in table 4. The influence of selected formulation variables on particle size (Y1) is given 

in equation 7, representing the linear and quadratic interactions for Y1. 

Particle size (Y1) = 422 (X1) (p-value = 0.042) - 0.567 (X2) (p-value = 0.011) + 2.2 (X3) (p-

value = 0.375) - 0.0427 (X4) (p-value = 0.791) + 329 (X1)
2 (p-value = 0.027) + 0.000140 

(X2)
2 (p-value = 0.249) + 0.013  (X3)

2 (p-value = 0.220) + 0.000001 (X4)
2 (p-value = 0.986) + 

0.093 (X1xX2) (p-value = 0.524) + 18.7 (X1xX3) (p-value = 0.126) - 0.0059 (X1xX4) (p-value 

= 0.615) - 0.0045 (p-value = 0.680) (X2xX3) + 0.000021 (X2xX4) (p-value = 0.067) - 

0.000400 (X3xX4) (p-value = 0.647).       [7] 

The R2 value for particle size was 72.15%. The regression equation of response Y1 

showed that all the variables significantly affected the particle size. The interaction terms 

here X1, X2, X3, X4, X1
2, X2

2, X3
2, X4

2, X1xX2, X1xX3, X1xX4, X2xX3, X2xX4, X3xX4 signifies 

how particle size is affected when two variables are altered concurrently.  
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The positive sign before each factor specified that these independent factors have a 

synergistic effect whereas a negative sign is indicative of an antagonistic effect on the 

dependent variables. Polymer crosslinker ratio (X1) (p-value = 0.011) significantly affects the 

particle size. This mathematical rapport amongst the independent variables and responses is 

further explained with the help of the contour plot (see Fig. 4). It can be observed from the 

contour plot that upon increasing the polymer-crosslinker ratio, there is a gradual change in 

the particle size of the nanosponge formulation.  

Particle size appeared to decline when the polymer-crosslinker ratio was changed 

followed by an enhancement in the particle size after an optimum value. This prominent 

decline in particle size was stanch with the availability of the crosslinker to intermingle with 

the polymer. The crosslinker (carbonyldiimidazole) binds the β-cyclodextrin monomers 

together through carbonate bonds by substituting the hydrogen of the C6 primary hydroxyl 

groups positioned on the peripheral network of the β-cyclodextrin forming nanosponges with 

cavities.  

A polymer-crosslinker ratio in the range of 0.1250-0.3125 gives optimum particle size 

below 440 nm. Further incorporation of crosslinker suggested augmented crosslinking of the 

polymer within the nanosponge, thus explaining the upsurge in particle size with an increase 

in the polymer-crosslinker ratio. Correspondingly, upon increasing the polymer-crosslinker 

ratio, the reactive imidazoyl carbonyl groups are produced which can be used for further 

functionalization of the NS and can be easily detected by elemental analysis 56. Enhanced 

internal crosslinking causes the β-cyclodextrin chains to become more tightly bound within 

the particle, therefore coalescing the particles further, leading to a gradual rise in the particle 

size due to the accretion of nanosponges. Also, the low molecular weight crosslinking 

between N, N-carbonyldiimidazole, and cyclodextrin forms an extra firm, and compacted 

edifice confines diffusion and loss of entrapped drug. The contour plot for stirring speed (X2) 

presented that a surge in stirring speed causes lessening in particle size due to the high 

reduction in agglomeration. It was found that keeping the stirring speed between 1000-1200 

rpm gave the best results in terms of particle size lower than 440 nm. 

3.2.2 Effect of dependent variables on entrapment efficiency 
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The entrapment efficiency was found in between 60±2.79% and 72±5.31%. The 

impact of selected formulation variables on %entrapment efficiency (Y2) is given in equation 

8, representative of the linear and quadratic interactions for Y2. 

Entrapment efficiency (Y2) = 94.6 - 110.1 (X1) (p-value = 0.153) + 0.0121 (X2) (p-

value = 0.892) - 0.67 (X3) (p-value = 0.001) - 0.00407 (X4) (p-value = 0.002) + 29.6 (X1)
2  

(p-value = 0.271) - 0.000024 (X2)
 2  (p-value = 0.309) + 0.187 (X3)

2 (p-value = 0.220) + 

0.000000 (X4)
2 (p-value = 0.142) - 0.0067 (X1xX2) (p-value = 0.814) + 0.00 (X1xX3) (p-value 

= 1.000) + 0.00747 (X1xX4) (p-value = 0.006) + 0.00150 (X2xX3) (p-value = 0.485) + 

0.000001 (X2xX4) (p-value = 0.485) - 0.000360 (X3xX4) (p-value = 0.052). 

Low homogenization speed (X3), produced particles of larger size accounting for low 

surface area whereas, when the homogenization speed is increased, the particle size decreases 

leading to an increased surface area corresponding to an enhanced entrapment efficiency of 

the developed formulation. High homogenization speed causes the breakdown of particles to 

form small size offering a large surface area to the nanosponges 57–59, thus upon increasing 

homogenization period (X3) and homogenization speed (X4), the entrapment efficiency 

increased simultaneously (Fig. 5).  

Also, it can be further added here that the lower concentration of crosslinker provided 

lower entrapment efficiency leading to the fact that at low concentrations, fewer sites for drug 

complexation might have been available because of the inadequate meshwork within the 

polymer. At higher concentrations, the carbonyldiimidazole might have devastated the 

intermolecular hydrogen bond network of discrete units of β-cyclodextrin due to the steric 

effects causing decreased drug complexation with the nanosponges 60. Thus, at an optimum 

concentration of the crosslinker, high entrapment efficiency was recorded which can be 

ascribed to the saturation of the drug in nanosponges.  

The desirability plot of optimized formulations attained from Box-Behnken Design 

summarizes the desired combination of the dependent variables (Fig. 6).  

Employing the stated values of the polymer-crosslinker ratio, stirring speed, 

homogenization time, and speed for developing the optimized drug-loaded nanosponge 

formulation (EN-CDN), the particle size of the EN-CDN was found to be 421±6.82 nm with 

maximum entrapment efficiency of 71%±4.79 which were near to the predicted value as 

given in the optimizer plot, the polydispersity index was found to be 0.079±0.0013 
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suggesting monodisperse size distribution; the negative charge on the nanosponges can be 

accredited to the incidence of carbonyl and the free hydroxyl group of β-cyclodextrin, the 

zeta potential of the formulation was –27.3±2.37 which was substantial to discrete the 

particles from each other because of electrostatic repulsion and a stable formulation  (Fig. 7).  

3.3 Surface Morphology 

The SEM of β-CD shows a compact structure (fig. 8A) whereas the SEM of placebo 

nanosponge presented a spongy structure of the formulation. The porosity (refer Fig. 8B) was 

partly occupied by the drug in the drug-loaded nanosponges due to the formation of inclusion 

complexes (refer Fig. 8C).  

3.4 Physicochemical characterization 

Compatibility complications amid the drug selected and the polymer were assessed by 

analyzing the blend of drug and polymer employing FTIR spectroscopy. Characteristic peaks 

were analyzed for the sample drug and the polymer as shown in Fig. 9a.  

The N–H stretching at 3441.89 cm-1, C-H stretching for aromatic at 3109.20 cm-1, 

C=C stretching for aromatic at 1584.85 cm-1, C-O stretching for ether at 1090.79 cm-1, -NO2 

stretching at 1547.90 cm-1, C–N stretching at 1331.23 cm-1, C-Cl stretching at 638.32 cm-1 

confirm the drug structure. The FTIR spectra of β-cyclodextrin exhibited intense bands in the 

region of 3200-3500 cm-1 due to O-H stretching. C-H and CH2 vibrations were observed in 

between 2800-3000 cm-1 sections, broadband can be seen around 1650 cm-1 which can be 

attributed to the water molecule. The presence of carbonyl group of the carbonate groups in 

the region of 1700-1745 cm-1 in nanosponges was identified. This can be asserted to the 

formation of carbonate bonds at 1750 cm-1 between β-cyclodextrin-CDI and conforming the 

stability of the system Aromatic C-H, C=C, and C-Cl vibration bands disappeared. The 

broadening of peaks of carboxylate stretching at 1535 cm-1 to higher wavelength suggested 

the formation of hydrogen bonds between the groups of econazole nitrate and the hydroxyl 

groups of β-cyclodextrin along with the desertion of the peaks at 3250 cm-1 (asymmetric O-H 

stretching) suggested entrapment of the drug into nanosponges.  

The DSC thermogram of econazole nitrate showed a sharp exothermic peak at 

165.3oC indicating the melting process of the anhydrous crystalline form of the drug and an 

irregular peak around 200oC signifying decomposition of the drug whereas β-CD displayed a 
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broad peak around 65oC indicative of release of a water molecule and a peak around 300oC 

corresponding to β-cyclodextrin decomposition. The peak disappeared in EN-CDN signifying 

a change of the drug crystalline form into an amorphous state in the nanosponges formulation 

demonstrating assimilation of the drug within the nanosponges as inclusion or non-inclusion 

complexes (Fig. 9b).  

The XRD pattern of econazole nitrate (Fig. 9c) showed a prominent sharp peak at 2θ 

angles 10.1, 17, 21.2, 26.8, and 29.1 which specify its crystalline nature. The XRD 

diffractogram of the drug in nanosponges shows diffused peaks with low intensities 

indicating that the drug crystallinity was remarkably reduced indicating loading of drug into 

nanosponges in unstructured or solid-state solubilized form or disarrayed crystalline phase 

inside the polymeric matrix.  

3.5 In-vitro drug release  

The ratio of polymer and crosslinker determines the drug release pattern from the 

nanosponge formulations. N, N-carbonyldiimidazole forms a sturdy composite network with 

β-cyclodextrin which controls the release of the drug. In vitro drug release study suggested no 

‘burst release’ of the drug from the nanosponges, hence, it can be assumed that the drug was 

effectively absorbed in the nanosponges. The drug release pattern from the nanosponges was 

in a controlled and sustained manner releasing nearly 77% of entrapped econazole nitrate in 

24 hrs by way of sluggish diffusion as equated to the plain drug solution where 99% of the 

drug is released within 4 hrs (Fig. 10a).  

The linearity (R2) was maximum (0.9862) with the Higuchi model implying that the 

drug release was controlled by the diffusion mechanism. Korsmeyer-Peppas model displayed 

the value of ‘n’ less than 0.43 exhibiting that drug release from the nanosponge formulation 

obeyed Fick’s law of diffusion.  

3.6 Evaluation of Topical Nanogel 

Results of pH, drug content, viscosity, and spreadability assessments are summarized 

in Table 5. 

3.6.1 Physical appearance 
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The EN-TG nanogel was clear, free from any particulate matter or fiber, and showed 

no aggregates or clumps. 

3.6.2 pH 

The pH of EN-TG was found to be 6.16±0.03 which specifies that the pH of the formulation 

was similar to the pH of the skin indicating no irritation to the skin by the formulation. 

3.6.3 Drug content 

The drug content of the gel formulation was measured employing a single-point 

standardization method which was found to be 58.34±0.3% and the drug was uniformly 

distributed in the nanogel formulation. 

3.6.4 Viscosity 

EN-TG possessed a viscosity of 3487±3.1 cps signifying the preparation of excellent 

nanosponge formulation as optimal viscosity is fundamentally responsible for defining the 

diffusion of the drug from the nanogel system. 

3.6.5 Spreadability 

The spreadability of EN-TG was found to be 2.21±0.011 indicating the prospect of 

devising a good topical nanogel formulation. 

3.7 In vitro skin permeation studies  

The topical nanogel (EN-TG) of the nanosponges formulated was assessed for its 

effective topical delivery. In vitro skin permeation studies were conducted on goatskin 

employing a Franz diffusion cell. Stratum corneum offers a barrier to drug transport across 

the skin layer because of its crystalline nature. Topical nanogel of econazole nitrate-loaded 

nanosponges presents a better formulation in comparison to the marketed product as it 

successfully transported the drug percutaneously across the skin barrier in a controlled and 

sustained manner. The amount of drug permeated from EN-TG was 314 µg/cm2 whereas the 

flux of marketed product was 88 µg/cm2 for 24 hours specifying that the nanogel formulation 

had better permeation across the skin (Fig. 10b).  



19 

Though the flux rate rely on the thickness of the membrane, theThe permeation 

enhancers in the topical nanogel formulation, EN-TG might have augmented the skin 

permeation by distributing into the lipid bilayers thus restraining transepidermal water loss or 

by unsettling the lipidic stuffing in the stratum corneum 61–63.  

3.8 Stability studies 

Stability studies were conducted on EN-TG batch following ICH Guidelines Q1C. 

The selected batch of topical gel of econazole nitrate-loaded nanosponges formulation was 

stored in sealed aluminium tubes at room temperature (25±2◦C/60±5% RH) and under 

augmented storage conditions i.e. 40±2◦C/75±5% RH in humidity control ovens for 90 days. 

In vitro drug release study revealed readings from 75.96±1.8%, 76.01±1.4%, and 75.96±1.3% 

after the stipulated time from EN-TG on day 0, day 45, and day 90, it can be thus concluded 

that the drug release pattern wasn’t too diverse from the initial values as equated with the 

drug release from nanosponges stored at 45 and 90 days with no burst release effect 

establishing the fact that nanosponge formulation sustained its integrity during the storage 

period (Fig. 10c).  

Variations in pH, drug content, viscosity, and spreadability are indicated in table V. 

No considerable variations were observed henceforth, the nanogel formulation, EN-TG can 

be professed stable. 

3.9 Antifungal activity 

From the antifungal studies conducted, it can be inferred that EN-TG showed better 

microbial control than the marketed product because of improved drug release from the 

nanogel which subdued microbial growth in vitro (Fig. 11).  

3.10 In-vivo study 

Animal experiments were sanctioned by the Institutional Animal Ethics Committee 

(approval no. BU/Pharm/IEAC/a/18/01) and conducted as per CPCSEA guidelines. The batch 

selected (EN-TG) was subjected to pharmacological studies anti-fungal activity to judge their 

pharmacological effectiveness engaging selected animal models and analyzing the results 

obtained. The experiment was conducted on three groups i.e. A, B, and C for control, 

marketed, and best formulation (EN-TG). The study showed that the formulated topical gel of 
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econazole nitrate-loaded nanosponges showed better antifungal treatment than marketed 

formulation on male Albino Wistar rats possibly owing to the controlled release of the drug 

from EN-TG nanogel for longer time interval and virtuous penetration into the skin 

membrane of the animal model with enhanced permeation due to skin hydration with no 

visual damage to the skin (Fig. 12).  

4. CONCLUSION 

Econazole nitrate-loaded nanosponges were successfully prepared using Placket-

Burman design and an optimized formulation was designed employing Box-Behnken design. 

The developed formulation possessed small particle size and high entrapment efficiency and 

was characterized for size, PDI, zeta potential, FTIR, DSC, XRD, in vitro drug release studies 

and based on the results, a topical nanogel formulation was prepared using optimized 

nanosponge formulation to assess its efficacy in controlling the fungal infection. The results 

were promising as the nanogel was able to impede the fungal growth both in vitro and in vivo. 

In order to gain more precision and robustness statiscally, the authors wish to extend in vivo 

experiments on a large population of animals in their future prospects. With concluding 

remarks, it can be stated that the cyclodextrin nanosponge formulation developed using the 

QbD method upholds its quality and effectiveness over the marketed product throughout the 

preparation, formulation, and evaluation parameters observed.  
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Table Captions: 

Table 1. Placket-Burman Design coding for the screening of factors for econazole nitrate-

loaded nanosponges (EN-CDN) 

Table 2. Independent variables and their level for Box Behnken Design 

Table 3. Dependent variables and their target range 

Table 4. Response table of Box Behnken Design for Particle size and Entrapment efficiency 

Table 5. Physicochemical properties of EN-TG gel after 0, 45 and 90 days 

 

 

Figure Captions: 

Fig. 1. Ishikawa diagram illustrating the various formulation and process variable influencing 

the anticipated superiority of nanosponges 

Fig. 2. Pareto chart of the standardized effect of various factors on particle size 

Fig. 3. Pareto chart of the standardized effect of various factors on entrapment efficiency 

Fig. 4. Contour plot of particle size vs stirring speed and polymer-crosslinker ratio 

Fig. 5. Contour plot of entrapment efficiency vs homogenization speed and time 

Fig. 6. Desirability plot for optimized formulation (EN-CDN) 

Fig. 7. Particle size and zeta potential distribution of EN-CDN 

Fig. 8. SEM of (a) β-cyclodextrin; (b) placebo chitosan nanosponges; & (c) EN-CDN. 

Fig. 9. (a) FTIR spectra of drug, polymer, and EN-CDN; (b) DSC thermogram of drug, 

polymer, and EN-CDN; (c) X-ray diffractogram of drug, polymer, and EN-CDN. 

Fig. 10. (a) In vitro release pattern of free drug and drug from optimized EN-CDN (*mean ± 

SD, n=3); (b) In vitro skin permeation studies of EN-TG and marketed formulation (MF) 

(*mean ± SD, n=3); (c) Comparative study of the zone of inhibition between marketed 

product and EN-TG (*mean ± SD, n=3). 

Fig. 11. (a) In vivo antifungal studies of control, marketed formulation and EN-TG (*mean ± 

SD, n=3); (b) In-vitro drug release studies of formulation EN-TG at 0, 30, 60 days. 

Figure 12: Illustration of the in vivo antifungal activity of EN-TG 
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Fig. 1. Ishikawa diagram illustrating the various formulation and process variable influencing 

the anticipated superiority of nanosponges. 
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Fig. 2. Pareto chart of the standardized effect of various factors on particle size 
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Fig. 3. Pareto chart of the standardized effect of various factors on entrapment efficiency 
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Fig. 4. Contour plot of particle size vs stirring speed and polymer-crosslinker ratio 
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Fig. 5. Contour plot of entrapment efficiency vs homogenization speed and time 
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Fig. 6. Desirability plot for optimized formulation (EN-CDN) 
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Fig. 7. Particle size and zeta potential distribution of EN-CDN 
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Fig. 8. SEM of (a) β-cyclodextrin; (b) placebo chitosan nanosponges; & (c) EN-CDN. 
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Fig. 9. (a) FTIR spectra of drug, polymer, and EN-CDN; (b) DSC thermogram of drug, 

polymer, and EN-CDN; (c) X-ray diffractogram of drug, polymer, and EN-CDN. 
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Fig. 10. (a) In vitro release pattern of free drug and drug from optimized EN-CDN (*mean ± 

SD, n=3); (b) In vitro skin permeation studies of EN-TG and marketed formulation (MF) 

(*mean ± SD, n=3; p value < 0.05); (c) In-vitro drug release studies of formulation EN-TG at 

0, 45, 90 days (*mean ± SD, n=3) 
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Figure 11: Comparative study of the zone of inhibition between marketed product and EN-

TG (*mean ± SD, n=3) 
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Figure 12: Illustration of the in vivo antifungal activity of EN-TG 

 

 

 

 

 

 

 

 

 

 



38 

Table 1: Placket-Burman Design coding for screening of factors for econazole nitrate-

loaded nanosponges (EN-CDN) 
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F1 0.125 80 4 1200 2 10000 10 250 1 423±6.13 61±2.22 

F2 0.125 110 4 800 2 15000 15 500 1 451±8.34 73±3.78 

F3 0.500 110 4 1200 3 10000 15 250 1 437±7.78 64±2.41 

F4 0.500 110 6 800 3 15000 10 500 1 461±9.01 66±2.85 

F5 0.500 110 4 800 2 10000 10 500 3 428±6.18 60±1.86 

F6 0.500 80 4 1200 3 15000 15 250 3 461±8.97 72±3.33 

F7 0.500 80 6 800 2 10000 15 500 3 454±8.68 67±2.61 

F8 0.125 80 4 1200 3 15000 10 500 3 421±5.33 62±2.14 

F9 0.125 110 6 1200 3 10000 10 250 3 438±6.23 64±2.76 

F10 0.500 80 6 1200 2 15000 10 250 1 453±6.22 68±3.01 

F11 0.125 110 6 1200 2 15000 15 250 3 439±5.61 72±3.15 

F12 0.125 80 6 800 3 10000 15 500 1 425±6.99 62±2.65 

(n= 3) 
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Table 2: Independent variables and their level for Box Behnken Design 

S. No. Independent variables 
Levels 

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

1. Polymer-linker ratio X1 0.1 0.3 0.5 

2. Stirring speed (rpm) X2 800 1000 1200 

3. Homogenization time (minutes) X3 10 12 14 

4. Homogenization speed (rpm) X4 10000 12000 15000 
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Table 3: Dependent variables and their target range 

S. No. Dependent variables Target range 

1. Particle size (nm) Y1 400-450 nm 

2. Entrapment efficiency Y2 Maximum 
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Table 4: Response table of Box Behnken Design for particle size and entrapment 

efficiency 
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1 0.3125 800 12.5 10000 470±10.10 64±3.21 

2 0.3125 800 12.5 15000 448±6.37 67±4.42 

3 0.1250 800 12.5 12500 468±8.87 63±3.74 

4 0.1250 1200 12.5 12500 449±6.13 66±3.65 

5 0.3125 1200 10.0 12500 439±5.10 60±2.79 

6 0.3125 1200 12.5 10000 441±7.97 62±2.97 

7 0.5000 1200 12.5 12500 462±8.77 67±4.01 

8 0.3125 1000 15.0 15000 452±7.03 71±5.03 

9 0.3125 1200 12.5 15000 462±7.23 68±4.32 

10 0.5000 800 12.5 12500 467±7.44 65±4.21 

11 0.3125 1000 10.0 15000 451±6.97 72±5.17 

12 0.5000 1000 10.0 12500 470±10.83 63±2.89 

13 0.5000 1000 12.5 15000 469±9.56 70±4.99 

14 0.3125 1000 15.0 10000 457±7.99 68±4.56 

15 0.3125 1000 12.5 12500 449±6.76 64±3.87 

16 0.3125 1000 12.5 12500 449±6.46 66±3.67 

17 0.3125 800 15.0 12500 471±10.33 69±4.32 

18 0.3125 1000 10.0 10000 446±5.08 60±2.22 

19 0.1250 1000 12.5 15000 468±8.71 67±4.34 

20 0.1250 1000 10.0 12500 458±7.37 66±3.76 

21 0.3125 800 10.0 12500 470±9.21 64±3.07 

22 0.5000 1000 15.0 12500 468±8.81 68±4.56 

23 0.1250 1000 12.5 10000 457±8.99 72±5.31 

24 0.5000 1000 12.5 10000 469±9.54 61±2.67 

25 0.1250 1000 15.0 12500 421±6.82 71±4.79 

26 0.3125 1200 15.0 12500 431±7.64 68±4.38 

27 0.3125 1000 12.5 12500 436±7.27 65±3.87 

(n= 3) 
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Table 5: Physicochemical properties of EN-TG gel after 0, 45 and 90 days 

Physicochemical parameters 
Time (Days) 

0 45 90 

pH 6.16±0.03 6.19±0.01 6.21±0.01 

Drug Content (%) 58.34±0.3 58.04±0.4 57.97±0.2 

Viscosity (cps) 3487±3.1 3489±2.3 3495±1.5 

Spreadability 2.21±0.011 2.34±0.017 2.44±0.021 

(n= 3) 


