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Introduction:- 
1.1. Fungal Infection : 

Superficial fungal infections of the skin can be caused by dermatophytes, 

yeasts and nondermatophytes. The various fungal organisms that cause skin infection are 

constantly competing with each other for their particular environmental niche, which can result 

in the emergence of a dominant species. Knowledge of current epidemiological trends in the 

incidence of cutaneous fungal infections is important in diagnosis and treatment of the disease. 

Singapore is a country in Southeast Asia located at the southern tip of Peninsular Malaysia, 

136.8 kilometres north of the Equator. It has a cosmopolitan population of 4.45 million people, 

with Chinese (76.7%), Malays (14%) and Indians (7.9%) forming the majority. 

 

This is an epidemiological study into recent trends of fungal skin infections seen at the National 

Skin Centre, which is a tertiary referral centre for skin diseases in the country. 

Superficial fungal infections are caused by many fungi, which can invade various aspects of the 

human body.(1–3) These infections include dermatophytes, which infect keratinized 

epithelium, hair follicles, and nail apparatus; Candida sp, which needs a warm, humid 

environment; Malassezia sp, which requires a humid microenvironment and lipids to grow; and 

Trichosporon sp and Hortae sp. Dermatophytes infect nonviable, keratinized cutaneous 

structures such as stratum corneum, nails, and hair.(1–3) An epidermal dermatophytosis 

infection is called epidermomycosis, dermatophytosis of hair and hair follicles is called 

trichomycosis, and dermatophytosis of the nail apparatus is called onchomycosis. Three genera 

of dermatophytes exist: Trichophyton sp, Microsporum sp, and Epidermophyton sp. 

Trichophyton rubrum is the most common cause of epidermal dermatophytosis and 

onchomycosis.(4) 

 

1.1.1. Transmission 

 
Dermatophyte infections can be transmitted from person to person through fomites, transmitted 

from animals to humans, and, least commonly, acquired from soil. Predisposing factors for 

complicated dermatophyte infections include atopic diathesis, such as cell-mediated immune 

deficiency for T rubrum, prolonged immunosuppression with use of topical glucocorticoids, 

and systemic immunocompromised states.(4) 
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1.1.2. Diagnosis 

It is important to recognize characteristic patterns of inflammation to diagnose fungal 

infections. The highest numbers of hyphae are located in the active border of infection, the best 

area to obtain a sample for potassium hydroxide examination. The active border is scaly, red, 

and slightly elevated. One can find vesicles in the active border when inflammation is intense. 

Many ways of obtaining a diagnosis exist through laboratory examinations.5,6 The most 

important test for the diagnosis of dermatophyte infection is direct visualization under 

microscopy of the branching hyphae in keratinized material. One should collect scale with a 

scalpel blade, place on the center of a microscopy slide, and cover with a coverslip. Potassium 

hydroxide, 5% to 20% solution, is applied at the edge of the coverslip. The preparation should 

be gently heated under low flame until bubbles begin to expand, clarifying the preparation. 

Potassium hydroxide dissolves the material that binds cells together but does not distort the 

epithelial cells or fungi. Under microscopy, dermatophytes will be recognized as septated, 

tubelike structures called hyphae and mycelia. A slight back-and-forth rotation of the focusing 

knob can aid in visualization of the entire segment of the hyphae, which may be at different 

depths.5,6 A Wood’s lamp can be used to visualize hairs infected with Microsporum species, 

which fluoresce in a greenish color in a dark room. Fungal cultures are grown on Sabouraud’s 

glucose medium, but it is usually not necessary to know the species of dermatophyte infecting 

the skin, as the same oral and topical agents are effective against all of them. Distal and lateral 

subungual onchomycosis are best visualized using periodic acidSchiff or methenamine silver 

stains, which are more sensitive than potassium hydroxide preparation or fungal culture.(5) 

 

Deep Inflammatory Lesions 

 

Zoophilic fungi such as Trichophyton verrucosum from cattle may produce a very 

inflammatory skin infection. This infection is more common in northern regions where cattle 

are confined in close quarters in the winter season. The round, intensely inflamed lesion has a 

uniformly elevated, red, boggy, pustular surface. The pustules are follicular and represent deep 

penetration of the fungus into the hair follicle. A fungal culture helps identify the animal source 

of the infection. A distinctive form of inflammatory tinea called Majocchi’s granuloma is 

caused by T rubrum and was originally described as occurring on the lower leg of women who 

shave, but it is also seen at other sites on men and children. The primary lesion is a follicular 

papulopustule or inflammatory nodule. Intracutaneous and subcutaneous granulomatous 

nodules arise from these initial inflammatory tinea infections. Lesions have necrotic areas 

containing fungal elements which are surrounded by epitheliod cells, giant cells, lymphocytes, 

and polymorphonuclear leukocytes, and are believed to be a result from rupturing of infected 

follicles into the dermis and subcutis.(4) 
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Fig. 1. Tinea corporis. (From Elewski BE, Hughey LC, Sobera JO, et al. Fungal diseases. In: Bolognia JL, 

Jorizzo JL, Schaffer JV, editors. Dermatology. 3rd edition. Philadelphia: Saunders; 2012; with permission.) 

 

TINEA OF THE HAND 

 
Tinea of the dorsal aspect of the hand, or tinea manuum, has all the features of tinea corporis. 

Tinea of the palm has the same appearance as the dry, diffuse, keratotic form of tinea on the 

soles. The dry keratotic form can be asymptomatic; hence,patients may be unaware of the 

infection, attributing the dry, thick, scaly surface to hard physical labor. Tinea of the palms is 

frequently seen in association with tinea pedis. The usual pattern of infection involves 1 foot 

and 2 hands or 2 feet and 1 hand. Treatment is the same as for tinea pedis.(4) 

 

Fungal infections that are treated with topical steroids often lose some of their characteristic 

features. Topical steroids decrease inflammation and give the false impression that the rash is 

improving while the fungus continues to thrive secondary to cortisone-induced immunologic 

changes. When treatment is stopped, the rash returns but in a different manner. Scaling at the 

margins can be absent. Diffuse erythema, diffuse scale, scattered pustules or papules, and 

brown hyperpigmentation may all result. A once localized process may have expanded greatly 

and the intensity of itching is variable. Tinea of hand is most often seen on the groin, the face, 

and the dorsal aspect of the hand. Tinea infections of the hand are frequently misdiagnosed as 

eczema and treated with topical steroids. Hyphae are easily seen when scaling reappears.(4) 

1.2 Characteristics of Nanosponges :- 

 
1. Nanosponges are porous particles, used mainly to encapsulate the poorly soluble drugs. 

 

2. The nanosponges have high aqueous solubility and are capable of carrying both lipophilic 

and hydrophilic drugs. 
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3. Nanosponges compositions are stable throughout a pH range of 1 to 11 and at temperature up 

to 300 °C. 

 

4. Nanosponges are non-irritating and non-mutagenic, non-allergic and non-toxic and protect 

the drug from physiological degradation. 

 

5. Nanosponges may encapsulate several types of pharmacological molecules by generating(12) 

 

Advantages 

 
1. Nanosponge provides the site-specific drug delivery and predetermined release. 

2. A Smaller quantity of the drug comes in contact with the normal tissue hence produces 

3. These formulations are soluble in water and are capable of encapsulating hydrophobic 

4. Nanosponge formulation is used to hide undesirable taste of drug substance and to convert 

liquid substances to solids. 

5. Particles can be prepared smaller or larger by varying the proportion of cross-linker to 

6. Due to their average pore size, 0.25 um, bacteria cannot penetrate in nanosponges. 

7. Nanosponges improve stability. 

8. Nanosponges are self-sterilizing. 

9. Nanosponges improve formulation flexibility. 

10. Nanosponges are used to improve dissolution (12) 

 

Disadvantages 

 
1. Nanosponge may face problem of loading capacities. 

2. Formulation of nanosponge includes only small molecules.(12) 

 

1.2.2 Factors that influence nanosponge formation: (13) 

 
I. Type of polymer- The creation and functionality of nanosponges can be influenced by 

the kind of polymer utilised. The nanosponge's cavity should be big enough to fit a 

specific-sized drug molecule for complexation. 

 

II. Type of drugs- The following features of the drug molecules should be present when they are 

complexed with nanosponges. Molecular weight of drug should be between 100 to 400 daltons. 

Drug molecule should consist of less than five condensed rings.Drug solubility in water should be 

less than 10mg/ml.Melting point of the substance should be less than 250℃ 
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Add amount of Polyvinyl alcohol in aqueous phase 

Stir reaction mixture at 1000 rpm. for 2 hr. 

Filter & Collect 

Dry in Oven at 40 c for 24 hrs 

Finally store into vaccun desicator 

 
III. Temperature- Drug/nano sponge complexation can be impacted by temperature fluctuations. 

In general, as the temperature rises, the strength of the drug/nanosponge complex's apparent 

stability constant falls. This may be because the contact forces between the two substances-van 

der Waal and hydrophobic interactions, for example decrease as the temperature rises 

 

IV. Method of preparation- The method of loading the drug into the nanosponge can affect 

drug/nanosponge complexation, however, the effectiveness of a method depends on the nature of 

the drug and polymer. In many cases freeze drying is found to be most effective for drug 

complexation. 

 

V. Degree of substitution- The kind, amount, and location of the substituents on the parent 

molecule may have a significant impact on the nanosponge's capacity to complex 

 

1.2.3. Preparation of nanosponges :- 

 
1. Solvent Diffusion Method :- (14) 

 

Different ratios of polyvinyl alcohol (PVA) and ethyl cellulose (EC) can be used to create 

nanosponges (PVA). The dispersed phase containing ethyl cellulose and drug are 

dissolved in 20 millilitre dichloromethane and slowly added to a definite amount of polyvinyl 

alcohol in 150 millilitre of aqueous continuous phase. The reaction mixture is stirred at 1000 rpm 

for 2h. The Nanosponges formed are collected by filtration and dried in oven at 40℃ for 24h. 

The dried nanosponges are stored in vacuum desiccator to ensure the removal of residual 

solvents. 

 

 
 

 

 

 

 

Fig5-f low diagram for preparation of nanosponge 

Dissolve ethyl cellulose and drug in Dichloromethane 
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2. Nanosponges prepared from β-Cyclodextrins :- (15) 

 
Nanosponges are recently formulated by hyper cross linked cyclodextrins nano structure 

to form the 3- dimensional networks; a generally spherical structure, about the size of protein. 

with channels and pores inside. Nanosponges are obtained by reacting cyclodextrin with 

cross linker like isocynates, dimethyl carbonate, diphenyl carbonate and carboxylic acid, 

 

carbonyl diimidazoles and dianhydrides. The surface charge, porosity, density and pore sizes 

of nanosponges can be controlled to attach with different molecules. Nanosponges with low 

cross linking give a quick drug release. 

 

3. Solvent Method 

 
In this method, polymer is mixed with a suitable solvent, mainly in a polar aprotic 

solvent such as dimethylformamide (DMF) or dimethylsulfoxide (DMSO). This mixture is 

added to cross linker in an excess quantity, the ratio for cross linker/ molar ratio is preferred 

as 1:4. The reaction is carried out at temperature ranging from 100℃ to the reflux 

temperature of the solvent, for time ranging from 1 to 48 hr. The cross linkers which may be 

preferred are dimethyl carbonate and carbonyl diimidazole. After their action is finished, the 

solution is left to cool to room temperature. 

 

4. Ultrasound- Assisted Synthesis :- (16) 

 
In this method, nanosponges can be obtained by reacting polymers with cross- linkers 

inthe absence of solvent and under sonication. The resulting nanosponges will have a sphere-

like shape, be homogeneous in size, and be less than 5 microns. Use of pyromelitic 

anhydride or di-phenyl carbonate as a cross-linker is part of this procedure. Here, the 

polymer and cross- linker are mixed in a flask. The flask is placed in an ultrasound bath filled 

with water and heated to 90℃ and sonicated for 5 hours. Then, the solid is ground in a mortar 

and soxhlet extraction is done with ethanol to remove either impurities (or) unreacted 

polymer. After Purification nanosponges are stored at 25℃. 

 

1.2.4. Characterization of nanosponges 

 
The following approaches can be used to characterize inclusion complexes generated between the 

drug and nanosponges. 
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1. Solubility Studies 

 

The widely used approach to study inclusion complexation is phase solubility method described 

by Higuchi and Connors, which examines the effect of nanosponge, on the solubility of drug. The 

phase solubility diagrams indicate the degree of pomplexation. 

 

2. Microscopy studies- 

 

Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) can be 

used to study the microscopic aspects of the drug, nanosponges and the product 

(drug/nanosponge complex). 

Even if there is a noticeable difference between the raw material's crystallisation state and the 

product made via co-precipitation, the difference between the raw material's crystallisation state 

and the product as viewed under an electron microscope points to the creation of inclusion 

complexes. 

 

3. Particle size and polydispersity- 

 
The particle size can be determined by dynamic light scattering using 90 Plus particle sizer 

equipped with MAS OPTION particle sizing software. From this the mean diameter and 

polydispersity index can be determined. 

 

4. Zeta potential- (19) 

 
The zeta potential is known as the measure of a surface charge, which is measured using 

additional electrode in the particle size equipment and for this type of zeta potential 

determination, samples of the NSs should be diluted with KCL. 0.1 mole/L and should be placed 

in the electrophoretic cell, where the electric field of 15 V/cm is applied. Thus, the mean 

hydrodynamic diameter and the polydispersity index of particles can be calculated using the 

cumulated analysis after averaging of all the total measurements. 

 

5. Entrapment efficiency. (7) 

 

The weighed amount of drug loaded nanosponges are kept in suitable solvent and soaked for 3hr. 

Samples are then filtered and analysed by using UV spectrophotometer. The actual drug content 

can be determined by the amount of drug which is entrapped in nanosponges. The weighed 

amount of drug loaded nanosponges (50mg) is kept in 10 ml solvent and soaked for 3 h. The 

samples are filtered and analyzed at . max of drug against blank using UV spectrophotometer 

(Shimadzu, PharmaSpecUV-1700, Japan). 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 8, August 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2608145 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) 

 

 

b463 

 

Encapsulation efficiency can be calculated by following formula: 

 

Entrapment efficiency (%) = Total amount of drug-Free unentrapped drug × 100 
 

Total amount of drug 

 

6. Fourier Transform Infra-Red spectroscopy- (17) 

 

Infra-Red spectroscopy is used to estimate the interaction between nanosponge excipients and the 

drug molecules in the solid state. When a complex is formed, nanosponge bands frequently vary 

very little, and if fewer than 25% of the guest molecules are encapsulated in the complex, bands 

that may be attributed to the included portion of the guest molecules are quickly hidden by the 

bands of the nanosponge spectrum. The method is less illuminating than other approaches and is 

often unsuitable for the detection of inclusion complexes. 

 

7.X-ray diffractiometry and single crystal X-ray structure analysis- (18) 

 

Powder X-ray diffractiometry can be used to detect inclusion complexation in the solid state. 

When the drug molecule is liquid since liquids have no diffraction pattern of their own, then the 

diffraction pattern of a newly formed substance clearly differs from that of uncomplexed 

nanosponge. This difference of diffraction pattern indicates the complex formation. When the 

drug compound is a solid substance, a comparison has to be made between the diffractogram of 

the assumed complex and that of the mechanical mixture of the drug and polymer molecules. A 

diffraction pattern of a physical mixture is often the sum of those of each component, while the 

diffraction pattern of complexes are apparently different from each constituent and lead to a 

"new" solid phase with different diffractograms. Diffraction peaks for a mixture of compounds 

are useful in determining the chemical decomposition and complex formation. 

 

The complex formation of drug with nanosponges alters the diffraction patterns and also changes 

the crystalline nature of the drug. The intricate creation causes some peaks to change, some to 

look new, and some to become sharper than before. 

 

8.Single crystal X-ray structure analysis- (18) 

 
This method is used to determine the detailed inclusion structure and mode of interaction. The 

interaction between the host and guest molecules can be identified and the precise geometrical 

relationship can be established. This information obtained during the analysis leads to know 

about the formation of inclusion complexes. 
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1.2.5. Applications: (7) 

 

1) Nanosponges for Drug Delivery 

 

2) For protein delivery 

 

3) In anti-cancer therapy 

 

4) In anti- viral therapy 

 

5) In anti-miotic therapy 

 

6) Other applications 

Biomedicine application 

 

 
 Analytical application 

 
 In agriculture 

 
 In food industry 
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6.Drug Profile 

 
1.Miconazole Nitrate (35) 

 

Structural Formula 
 

 

 

 

IUPAC NAME - 1-[2-(2,4-Dichlorophenyl)-2-[(2,4-dichlorophenyl)-methoxy]-ethyl]-1H-

imidazole. 

Physico Chemical Properties - 

Molecular Formula - C₁₈H₁₅Cl₄N₃O₄ 

Molecular Weight- 479.14 g/mol 

 Colour: White to almost white crystalline powder 

 Odour: Odourless or faint characteristic odour 

 Taste: Bitter 

 Boiling Point: Not applicable / decomposes on heating 

 Melting Point: 178–184°C 

 Octanol–water partition coefficient (Log P): 6.63 

 Refractive index: 1.6200 

 

 

Solubility - Soluble 1 in 6250 of water, 1 in 312 of alcohol, 1 in 75 in methanol, 1 in 525 of 

chloroform, 1 in 1408 of isopropanol, 1 in 119 of propylene glycol, freely soluble in 

dimethylsulfoxide, protect from light 

 

Major Sources -Synthetic (chemically synthesized antifungal drug)It is a synthetic imidazole 

derivative, produced by chemical synthesis in pharmaceutical manufacturing. 
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Pharmacological Actions 

 
 Antifungal agent – primarily used to treat fungal infections. 

 Broad-spectrum antifungal activity – effective against dermatophytes, yeasts 

(e.g., Candida), and molds. 

 Mechanism of action: Inhibits ergosterol synthesis in the fungal cell 

membrane, increasing membrane permeability and causing fungal cell death. 

 Antibacterial activity (mild) – also shows some activity against certain Gram-

positive bacteria. 

 

Pharmacokinetics 

 
Foster and Stefanyszyn [102] reported that miconazole nitrate may penetrate the ocular 

compartments better than either natamycin or amphotericin B after intravenous 

subconjunctival, or topical administration in rabbits. The concentration of the drugs in cornea 

and in aqueous humor after either topical or subconjunctival administration were high, and a 

further threefold increase in the level was seen if the corneal epithelium had been removed 

prior to drug therapy. Miconazole nitrate was found 

 

Major Uses 

 
Miconazole nitrate is widely used to manage fungal infections affecting the skin, nails, and 

mucous membranes. It is commonly prescribed for conditions such as nail fungal infections, 

candidiasis, ringworm, athlete’s foot, and other dermatophytic infections. 

 

Toxicity 

 
Miconazole nitrate is generally considered safe when used as prescribed; however, it may cause 

mild side effects such as skin irritation, redness, burning sensation, or itching at the site of 

application. In rare cases, allergic reactions or hypersensitivity may occur. Systemic toxicity is 

minimal due to its low absorption through the skin. 
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6.Drug Profile 

 
2 .β-Cyclodextrin (40) 

 

Structural Formula 

 

 

IUPAC NAME -Cyclomaltoheptaose (or) β-Cyclodextrin 

 

Physico Chemical Properties - 

Molecular Formula - C₄₂H₇₀O₃₅ 

Molecular Weight-1134.98 g/mol 

 Colour – White crystalline powder 

 Odour – Odourless 

 Taste – Slightly sweet 

 Boiling Point – Not applicable 

 Melting Point – Above 260°C 

 Octanol–water partition coefficient (Log P) – −14.3 

 Refractive Index – Not commonly reported / not applicable for solid powder 

 

 

Solubility - β-Cyclodextrin is freely soluble in water and dimethyl sulfoxide, slightly soluble in 

methanol, and practically insoluble in most organic solvents such as chloroform and ether. 

 

Major Sources -β-Cyclodextrin is a naturally derived cyclic oligosaccharide obtained through 

enzymatic conversion of starch. It is commonly produced from natural polysaccharides using 

cyclodextrin glycosyltransferase. 
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Pharmacological Action 

 
β-Cyclodextrin acts mainly as a pharmaceutical excipient and drug carrier. It improves the 

solubility, stability, and bioavailability of poorly water-soluble drugs by forming inclusion 

complexes. 

 

Major Uses 

 
β-Cyclodextrin is widely used in pharmaceutical formulations to enhance drug solubility and 

controlled release. It is also utilized in nanosponges, topical gels, oral formulations, and other 

advanced drug delivery systems. 

 

Toxicity 

 
β-Cyclodextrin is generally regarded as safe when used within recommended limits. However, 

excessive use may cause mild gastrointestinal discomfort or irritation depending on the route of 

administration. 

 

 

 

8. MATERIALS AND EQUIPMENTS : 

 

 
The raw materials such as drug, polymer, excipients, solvents and chemicals 

requiredforthepresent work were procured from different sources. For the formulation and 

evaluationofthenanosponges and gel, the following materials were used. 

 

 

 

 

Sr. No Drug/Polymer/Excipients/Solvents Manufacturer/Supplier 

1. β Cyclodextrin Aromaaz International pvt. ltd 

2. Micanazole Nitrate Yarrow Pharma, Mumbai 

3. Polyvinyl alcohol (PVA) S.D Lab Chemical Centre, Mumbai 

4. Dichloromethane S.D Lab Chemical Centre, Mumbai 

5. Carbopol 934 S.D Lab Chemical Centre, Mumbai 

6. Triethanolamine S.D Lab Chemical Centre, Mumbai 

Table1:List of Drug, Polymers, Excipients and Solvents used in Formulation 
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Sr. No. Ingredients Manufacturer/Supplier 

1. Ethyl Cellulose S.D Lab Chemical Centre, Mumbai 

2. Disodium Hydrogen Phosphate S.D Lab Chemical Centre, Mumbai 

Table 2: List of Chemicals and Reagents used in Evaluation study 

 

 

All the other ingredients  used were of analytical grade and were used as procured. 
 

 

 

Sr. No. Instruments Manufacturer/Supplier 

1. Weighing balance Adventure, Ohaus, AR-0640 USA 

2. 
Ultra Sonicator 

Enertech electronics Pvt Ltd, Mumbai, 

India 

3. 
Magnetic Stirrer (5000 rpm) 

4EMS, Remi Equipment’s Pvt. Ltd, 

Mumbai 

4. Hot Air Oven Sriji chemicals, Mumbai, India 

5. Optical or Binocular Microscope Longmeditech 

6. Digital pH meter Systronics µ pH system 362 

7. Laboratory Centrifuges Remi Equipment’s Pvt. Ltd, Mumbai 

8. UV Visible Spectrophotometer Systronics (INDIA) Limited 

9. 
Particle Size Analyzer 

HORIBA SZ-100 for windows [Z type] 

Ver.1.90 

10. 
Zeta sizer 

HORIBA SZ-100 for windows [Z type] 

Ver.1.90 

 

Table 3: List of Instruments used in the Formulation and Evaluation 

 

10. Result & Disscusion 

 
Characterization of Miconazole Nitrate 

 

Organoleptic properties: 

Miconazole nitrate was observed for the following properties and the observations are recorded 

below: 

 

Color: White to off-white crystalline powder 
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Odor: Odorless or faint characteristic odor 

Appearance: Crystalline powder 

Solubility: Slightly soluble in water and freely soluble in methanol and ethanol 

 

Melting point: 

The melting point of Miconazole nitrate was determined using a melting point apparatus and was 

found to be within the range of 178–185°C, which was in agreement with the reported literature 

values. The observed value indicated the purity and identity of the procured drug sample. 

 

Partition coefficient: 

The partition coefficient study was carried out to determine the lipophilic nature of Miconazole 

nitrate. The drug exhibited a higher partition coefficient value, indicating its hydrophobic nature 

and suitability for nanosponge formulation. 

 

 

 

Identification of Miconazole Nitrate 

 

1) Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR spectroscopy was carried out to identify the characteristic functional groups present in 

Miconazole nitrate. The obtained spectrum showed characteristic peaks corresponding to different 

functional groups, confirming the identity and purity of the drug sample. 
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Figure No. 6: FTIR spectrum of Miconazole nitrate 
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Sr. No 
Wave number 

(cm⁻¹) 
Functional group 

1 ~3150–3000 
Aromatic C–H 

stretching 

2 ~1580–1500 
C=C aromatic 

stretching 

3 ~1300–1100 C–N stretching 

4 ~1000–800 C–Cl stretching 

5 ~3400–3200 
O–H stretching (if 

present) 

 

Table No. 8: Wave number and functional groups of Miconazole nitrate 

 

10.1. Drug Exipients Studies 

 

Drug–excipient compatibility study was carried out to evaluate the possible interaction between 

Miconazole nitrate and excipients used in the formulation development of nanosponges. 

Compatibility study is an important parameter because interaction between drug and excipients 

may affect stability, efficacy, and drug release characteristics of the final formulation. 

 

In the present work, Miconazole nitrate was formulated using β-Cyclodextrin and Polyvinyl 

Alcohol (PVA). The compatibility study was performed using FTIR spectroscopy by comparing 

characteristic peaks of pure drug and physical mixtures of drug with excipients. 
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Ingredients Category 
Function in 

formulation 

Miconazole nitrate Drug Antifungal agent 

β-Cyclodextrin Polymer 
Used for 

nanosponge 

Polyvinyl Alcohol 

(PVA) 

Stabilizer/Surfacta 

nt 

Maintains stability 

and prevents 

Dichloromethane Organic solvent 
Used for 

preparation of 

Distilled Water Vehicle 
Used for 

preparation of 

 
Table 9: Excipients used in formulation of Miconazole nitrate nanosponges 

 

 

The FTIR spectra of pure Miconazole nitrate and physical mixtures of drug with excipients were 

analyzed. Characteristic peaks of Miconazole nitrate were observed and compared with those of 

physical mixtures. 

 

 

Functional Group Pure Drug (cm⁻¹) 
Drug–Excipient 

Mixture (cm⁻¹) 
Observation 

Aromatic C–H 

stretching 
3174.47 3170–3180 Retained 

Aromatic C=C 

stretching 
1584.7 1580–1590 Retained 

C–N stretching 1310.23 1305–1315 Retained 

C–O stretching 1168.44 1160–1170 Retained 

C–Cl stretching 822.49 820–825 Retained 

 

Table 10: Characteristic FTIR peaks of Miconazole nitrate and drug–excipient mixture 
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10.4. Evaluation of drug loaded Nanosponges: 
10.4.1. Visual inspection: 

 

 

Fig.7: Microscopy of optimized nanosponge formulation (F4) 

 

 

In this Figure, the nanosponges were observed using the optical microscope. The 

microsponges were spread on neubauer's chamber; small cube of the size 1 µm 

contained more than four nanosponges. From the Figure it could be primarily 

concluded that the obtained product was in micro range. 

10.4.2. Determination of production yield and Entrapment efficiency 

 

Table 11: Production Yield and Entrapment Efficiency 

 

Batch Production yield (%) Entrapment Efficiency 

F1 70.35 ± 0.2 % 80.32 ± 1.98 

F2 74.26 ± 0.1 % 75.63 ± 2.43 

F3 80.30 ± 0.3 % 78.98 ± 2.12 

F4 84.41 ± 0.2 % 86.26 ± 2.34 

F5 82.37 ± 0.4 % 83.48 ± 1.79 

F6 84.21 ± 0.1 % 72.93 ± 2.21 

F7 72.44 ± 0,3 % 82.17 ± 1.92 

F8 69.42 ± 0.2 % 73.67 ± 2.54 

F9 71.10 ± 0.1 % 66.23 ± 1.82 
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The % production yield of all batches was found to be ranged from 69.42 to 84.41 %. It was 

found that the production yield was greatly affected by polymer concentration as well as by 

concentration of polyvinyl alcohol. The % entrapment efficiency of all batches was ranged 

from 66.23 to 86.26%, It was found that the entrapment efficiency was greatly affected by 

polymer concentration as well as by concentration of polyvinyl alcohol 

 

 

Fig.8: production yield and Entrapment efficiency graph 

 

 

 

 

10.4.3. Determination of Particle size and PDI: 

 

The visual inspection of all batches for particle size using optical and binocular microscope 

revealed that the particle size was increased with the increase in the Eudragit RS100 amount. This 

might be due to increasing polymer wall thickness which led to the larger size of microsponges. 

The F4 batch possessed more percent of intact, uniform, spherical particles in optical microscopy; 

so the batch F4 was chosen for further analysis. A mean particle size of formulation F4 was found 

to be 317.7nm and PDI of 0.464. 
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Fig.10: Zeta potential of optimized formulation of Nanosponges (F4) 

 

 

Fig.9: Particle size of optimized formulation Nanosponges (F4) 

10.4.4. Determnation of Zeta potential : 

 

Highly negative or highly positive zeta potential value indicates good physical stability of the 

formulation. The optimized microsponge formulation of escitalopram oxalate was measured by 

using zeta sizer at 25°C, it was found to be -3.6 mV and it indicated the formulation to be 

stable. 
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10.4.5. Scanning electron microscopy (SEM) : 

 

From SEM photographs, it was clear that the Nanosponges so obtained were having the spherical 

and the spongy nature of the microsponges was clearly evident, thus it could be concluded that the 

adopted method for the preparation of Nanosponges was useful. 

 

 

 

 

Fig.11: SEM of optimized formulationNanosponges (F4) 
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10.4.6. FTIR of optimized Nanosponge formulation (F4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12: FTIR of optimized Nanosponges formulation (F4) 

 

Table 12: FTIR interpretation of Optimized Nanosponge formulation (F4) 

 

Standard Range Wavelength (cm-1) Functional group 

3000-3500 3350 O-H 

1650-1750 1725 C=O 

2850-2950 2922 C-H 

1300-1230 1234 C-O 

1300-800 1142 C-C 

The FTIR spectrum of optimized Nanosponge formulation of Chaulmoogra oil and excipients 

was compared to the spectra of each component separately. Significant peaks of the 

corresponding and excipients were seen in the FTIR spectrum. 
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10.5. Evaluation of Micanazole nitrate Nanosponges gel 

 

10.5.1. Physical appearance 

 

Table 13: Physical appearance of optimized MNZ NS formulation 

 

Sr. No Physical appearance Results 

1 Appearance Smooth 

2 Odour Characteristic 

3 Physical state Semi solid 

 

 

10.5.2. Determination of pH: 

 

The pH ofMicanazole nitrate Nanosponges gel was found to be 6.9±0.36, the pH value was found 

to be within the range of skin pH (6.5 ± 0.12). 

Table 14: pH of optimized MNZ NS gel formulation 

 

Sr. No Test Observation Average ±Std. 

1. pH 6.5 6.5 6.5 6.5 ± 0.12 

 

 

10.5.3. Determination of spreadability: 

 

The spreadability of prepared Micanazole nitrate Nanosponges gel was found to be 67.58±6.39 

g.cm/sec. The spreadability values were found to be satisfactory. 

 

 

 

Table 15: Spreadability of optimized MNZ NS gel formulation 

 

Sr. No Test Observation Average ±Std. 

1. Spreadability 

(gm.cm/sec) 

62.22 65.88 74.66 18.24 ± 0.56 

 

 

 

 

10.5.4. Determination of viscosity: 

 

The viscosity of prepared Micanazole nitrate Nanosponges gel was found to be 9450 ± 124cps. 
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Table 16: Viscosity of optimized Micanazole nitrate Nanosponges gel formulation 

 

Analysis Run 1 Run 2 Run 3 Mean SD 

Viscosity 9421 9430 9440 9450 1.24 

 

 

10.5.5. In-Vitro drug diffusion study: 

 

In vitro drug diffusion study was carried out using phosphate buffer solution pH 7.4 a magnetic 

stirrer and a Franz diffusion assembly. From the results it could be revealed that formulation gave 

better drug release and at the end of 8 hours cumulative amount of drug release was found to be 

87.51%. The percent cumulative drug diffusion calculated is shown in table given below. 

Table 17: Drug diffusion in % in hours 

 

Time in hours % Drug Diffusion 

0 0 

1 33.63 

2 38.53 

3 50.29 

4 63.35 

5 68.25 

6 76.41 

7 85.55 

8 87.51 
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Fig.13: In vitro drug diffusion of Micanazole nitrate Nanosponges gel(F4) 

 

 

 

 

10.6. Optimization of MNZ NS by response variables effects (32 factorial designs) 

 

Traditional design of the pharmaceutical formulations are based on time consuming approach of 

changing one variable at a time which does not take into consideration the joint effect of 

independent variables. Thus, factorial design can serve as an essential tool to understand the 

complexity of the pharmaceutical formulations. 

Table 18: Response Design summary 

 

 

Response 

 

Name 

 

Units 

 

Observations Mi 

 

nimum Ma 

 

ximum Me 

 

an 
Std. 

Dev. 

 

Ratio 

R1 Particle size nm 9.00 262.98 317.7 296.41 15.77 1.21 

R2 PDI  9.00 0.376 0.507 0.4649 0.0440 1.35 

 

R3 
Drug 

entrappement 

 

% 
 

9.00 
 

66.23 
 

86.26 
 

77.74 
 

6.22 
 

1.30 

 

 

A 32 full factorialdesignwas selected and the 2 factors were evaluated at 3 levels. The amount of 

EudragitRS100(A)and polyvinyl alcohol (B) were selected as independent variables and the 

dependentvariableswereparticle size, PDI and % entrapment efficiency. The data obtained was 

treatedusingStat-EaseDesign Expert software. 
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11. Conclusion 

 
• In conclusion, Miconazole nitrate nanosponges were successfully formulated and characterized. 

An optimal custom design approach was applied for optimization of the formulation. 

• Among all prepared formulations, the optimized batch was selected because it exhibited a 

desirable particle size of 244.481 nm, zeta potential of 22.301 mV, and entrapment efficiency of 

81.934%, indicating satisfactory drug loading and good formulation stability. 

• The statistical analysis and optimization studies confirmed that β-Cyclodextrin concentration and 

stirring speed significantly affected the characteristics of the nanosponge formulation. 

• The contour plots and 3D surface plots demonstrated the influence of formulation variables on 

particle size, zeta potential, and entrapment efficiency of the developed nanosponges. 
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