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ABSTRACT 
Clotrimazole (CTZ) is a broad-spectrum imidazole 

antifungal agent widely used for the treatment of 

superficial dermatophytosis and cutaneous 

candidiasis. Conventional topical creams and lotions 

suffer from limitations such as short residence time, 

frequent dosing, greasiness and poor patient 

compliance, whereas oral therapy is associated with 

hepatic first-pass metabolism and gastrointestinal 

side effects. The present investigation was 

undertaken to develop and evaluate a matrix-type 

transdermal patch of clotrimazole using 

hydroxypropyl methylcellulose (HPMC) and ethyl 

cellulose (EC) as film-forming polymers, propylene 

glycol (PG) and glycerine as plasticizers/penetration 

enhancers, and methanol-chloroform as the co-

solvent system, by the solvent casting (mercury-

substrate) technique. Preformulation studies 

including organoleptic evaluation, solubility 

analysis, melting point determination, UV 

spectrophotometric characterisation (λmax 210 and 

264 nm in methanol), FTIR and drug-excipient 

compatibility, and in-silico molecular docking 

against fungal lanosterol 14α-demethylase (CYP51) 

were carried out to justify the rationale of the 

formulation. Nine patch formulations (F1-F9) were 

prepared by varying the HPMC:EC ratio and 

evaluated for thickness, weight uniformity, folding 

endurance, percentage moisture content and uptake, 

flatness, drug content uniformity, tensile strength, in 

vitro drug release (Franz diffusion cell), release 

kinetics, ex vivo skin permeation and in vitro 

antifungal activity (cup-plate method against 

Candida albicans). The optimised formulation 

exhibited uniform physicochemical properties, 

sustained drug release over 24 hours following the 

Higuchi/Korsmeyer-Peppas model with non-Fickian 

(anomalous) transport, and a zone of inhibition 

comparable to the marketed clotrimazole cream. The 

results indicate that a HPMC-EC based transdermal 

patch is a promising, patient-compliant, sustained-

release alternative to conventional topical antifungal 

dosage forms. 
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I. INTRODUCTION 
Transdermal Drug Delivery System (TDDS) 

Transdermal drug delivery systems are 

self-contained, discrete dosage forms designed to 

deliver a therapeutically effective amount of drug 

across the skin, either for local dermatological 

action or for systemic absorption, at a controlled and 

predetermined rate. Compared with conventional 

oral and topical dosage forms, TDDS offer several 

advantages: avoidance of hepatic first-pass 

metabolism, maintenance of steady plasma/tissue 

drug concentration, reduced dosing frequency, 

improved patient compliance, ease of termination of 

therapy by simple removal of the patch, and 

reduction of gastrointestinal side effects associated 

with oral therapy. 

 
Figure 1: Example of Patch 
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For antifungal agents intended for 

cutaneous mycoses, a transdermal/topical patch 

additionally offers occlusion of the affected site, 

sustained local drug concentration at the site of 

infection, protection from external contamination, 

and reduction in the frequency of application 

required with conventional creams (typically 2-3 

times daily). 

 

Fungal Skin Infections and Rationale for 

Antifungal Patch 

Superficial fungal infections such as 

dermatophytosis, cutaneous candidiasis and 

pityriasis versicolor are among the most common 

dermatological conditions worldwide, caused 

predominantly by dermatophytes (Trichophyton, 

Microsporum, Epidermophyton species) and yeasts 

such as Candida albicans. Topical antifungal 

creams, though effective, are limited by short skin 

residence time, need for frequent re-application, and 

variable patient adherence, which can lead to 

treatment failure and recurrence. A transdermal 

patch formulation can maintain a constant drug 

reservoir at the site of application, improve 

occlusivity (which itself enhances penetration), and 

improve compliance through once-daily or alternate-

day application. 

 

Common examples of fungal infections include: 

• Ringworm – affected skin and scalp. 

• Athlete’s   foot – affects feet, especially 

between toes. 

• Candidiasis – caused by yeast and affects 

mouth, skin, or genital areas. 

• Nails fungus – infects fingernails or toenails. 

 

1.2 Types of fungal infections: 

1 Topical caused by fungal pathogens 

2 Malassezia infection 

3 Subcutaneous infection 

4 Systematic fungal infection 

5 Malassezia folliculitis infection 

 

1. Topical caused by fungal pathogens: 

Topical infection may be defined are those infection 

which are generally in outer layer of the skin like  

nails, hairs, skin, and mucous membrane. Tinea 

pedis(foot), Tinea unguium or onychomycosis/ 

nails(90% of toenail infections),  Tinea 

capitis(childhood), and 50% of nail infection, oral, 

vaginal, candidiasis, and gastrointestinal tract 

infections. [9] 

 

 
Figure 2: Oral infection 

 

 
Figure 3: Nail infection 

 

Maintaining good hygiene   keeping the skin dry, 

wearing a clean clothes, and avoiding sharing 

personal items can prevent fungal infections. 

 

3. Malassezia infection: 

 Malassezia infection is a superficial fungal 

infection of the skin caused by the overgrowth of 

yeast belonging to the genus malassezia, which are 

normally present as part of the skin’s natural flora 

but can become pathogenic under certain 

conditions.[10] 

 

4. Subcutaneous infection: 

Subcutaneous infections are a group of fungal 

infections that involve the deeper layer of the skin, 

specially the subcutaneous tissue. These infections 

are usually caused by fungi that live in soil, plants, 

or decaying organic matter and enter the body 

through traumatic injury, such as cuts, throns, or 

splinters. Clinically, these infections may present as 

• Nodules or lumps under the skin 

• Ulcers or abscesses 

• Swelling and deformity in severe cases. [11] 

 

5. Systematic fungal infection: 

Systematic fungal infections, also known as deep or 

invasive mycoses, are serious infection caused by 

fungi that affect internal organs and body systems 
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rather than just the skin or superficial tissues. These 

infections begins to the lungs after inhalation of 

fungal spores and can spread to other organs such as 

the brain, liver, and kidneys through the 

bloodstream. Systematic fungal infections are 

commonly caused by pathogenic fungi such as 

candida albicans, Aspergillus fumigates, and 

Histoplasma capsulatum. These infections are more 

common in immunocompromised individuals, such 

as patients with HIV/AIDS, Cancer, Diabetes, organ 

transplant recipients, or those receiving long term 

corticosteroids or chemotherapy treatment.[12, 13]  

6. Malassezia folliculitis infection:Malassezia 

folliculitis is a superficial fungal infection of the 

hair follicles caused by the overgrowth of the yeast 

belonging to the genus malassezia. This organism is 

a normal part of the skin flora, but under certain 

conditions, it can proliferate excessively and invade 

the hair follicles, leading to infections.[14] 

 

Anatomy and physiology of skin: 

The skin is the outer covering of the body. In 

humans, it is the largest organ of the integumentary 

system. The skin is making up 12-15% of body 

weight and with a surface area of 1-2m2. It is 

divided into three layers, these are: 

Epidermis 

Dermis 

Hypodermis[19,20]  

 
Figure 4: Skin Anatomy 

 

 

Overview of Clotrimazole 

Clotrimazole is a synthetic imidazole 

derivative possessing broad-spectrum antifungal 

activity against dermatophytes, yeasts (including 

Candida albicans), and some Gram-positive 

bacteria. It acts by inhibiting fungal cytochrome 

P450-dependent lanosterol 14α-demethylase, 

thereby blocking the conversion of lanosterol to 

ergosterol, an essential component of the fungal cell 

membrane. Depletion of ergosterol and 

accumulation of toxic methylated sterol precursors 

increases membrane permeability, leading to 

leakage of cellular contents and fungal cell death. 

Clotrimazole is conventionally available as 1% w/w 

topical cream, lotion and vaginal tablets, but suffers 

from a short biological half-life (approximately 2 

hours) after topical absorption and requires multiple 

daily applications, making it a suitable candidate for 

incorporation into a sustained-release transdermal 

patch. 

 

Objectives of the Present Study 

● To carry out detailed physicochemical, 

spectral and in-silico characterisation of 

clotrimazole (UV, HPLC, IR and molecular 

docking). 

● To perform preformulation studies 

including drug-excipient compatibility. 

● To develop matrix-type transdermal 

patches of clotrimazole using HPMC and 

EC in varying ratios by the solvent casting 

technique. 

● To evaluate the prepared patches for 

physicochemical parameters, in vitro drug 

release, release kinetics, ex vivo 

permeation, and in vitro antifungal activity. 

● To identify and justify the optimised 

formulation on the basis of the evaluation 

data. 

 

DETAILED CHEMISTRY OF CLOTRIMAZOLE 

Table 1: Drug Profile 

Property Details 

IUPAC Name 1-[(2-Chlorophenyl)(diphenyl)methyl]-1H-imidazole 

Molecular Formula C22H17ClN2 
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Property Details 

Molecular Weight 344.84 g/mol 

Category Imidazole derivative; broad spectrum antifungal 

Description White to off-white, crystalline powder 

Melting Point 141-145 °C 

Solubility 
Practically insoluble in water; freely soluble in methanol, chloroform, 

acetone and DMSO; soluble in ethanol 

log P (Partition Coefficient) ≈ 6.0-6.3 (highly lipophilic) 

pKa ≈ 4.7 (imidazole nitrogen, weakly basic) 

BCS Classification Class II (low aqueous solubility, high permeability) 

Storage Store in airtight container, protected from light, at room temperature 

 

Structural Features 

The clotrimazole molecule consists of a 

triarylmethane core in which a central methane 

carbon is substituted with two unsubstituted phenyl 

rings, one 2-chlorophenyl ring, and an imidazole 

ring attached through its N-1 nitrogen. The bulky 

triphenylmethyl moiety confers marked 

lipophilicity, which favours partitioning of the drug 

into the lipid-rich stratum corneum, while the 

imidazole nitrogen (N-3) serves as the 

pharmacophoric group that coordinates with the 

heme iron of the fungal CYP51 enzyme, forming the 

basis of its mechanism of action. 

 
Figure 5: Structure of Clotrimazole 

 

Mechanism of Action 

Clotrimazole inhibits fungal lanosterol 

14α-demethylase (a cytochrome P450 enzyme, 

CYP51), which catalyses demethylation of 

lanosterol to form ergosterol. Inhibition of this 

enzyme results in depletion of ergosterol and 

accumulation of 14α-methylated sterols within the 

fungal cell membrane. This alters membrane fluidity 

and permeability, impairs the function of 

membrane-bound enzymes (e.g., ATPase, enzymes 

of the electron transport chain), and ultimately 

causes leakage of intracellular potassium and other 

constituents, leading to fungal cell death (fungistatic 

at lower concentrations and fungicidal at higher 

local concentrations). 

 
 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:970-984 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104970984     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 974 

 

Pharmacokinetic Considerations Relevant to 

Transdermal Delivery 

● High lipophilicity (log P > 6) favours 

partitioning into the stratum corneum lipid 

bilayers. 

● Low aqueous solubility necessitates use of 

solubilising/penetration-enhancing co-

solvents such as propylene glycol during 

formulation. 

● Negligible systemic absorption through 

intact skin at therapeutic topical 

concentrations minimises risk of systemic 

side effects, an advantage for localised 

antifungal transdermal therapy. 

 

II. MATERIALS & METHODS 
Materials 

Clotrimazole (API, gift sample/procured), 

Hydroxypropyl methylcellulose (HPMC E15/K15), 

Ethyl cellulose (EC), Propylene glycol (PG), 

Glycerine, Methanol, Chloroform (all of 

analytical/pharmaceutical grade). 

 

 

PREFORMULATION STUDY 

Preformulation studies were carried out to generate 

fundamental physicochemical information about 

clotrimazole and to establish its compatibility with 

the selected excipients, prior to development of the 

transdermal patch. 

 

Organoleptic Evaluation 

● Colour: White to off-white 

● Odour: Odourless 

● Appearance: Crystalline powder 

Melting Point Determination 

Determined by the capillary tube method using a 

melting point apparatus; clotrimazole shows a sharp 

melting point in the range of 141-145 °C, in 

agreement with pharmacopoeial specification, 

confirming the identity and purity of the procured 

drug sample. 

 

Table 2: Solubility Studies 

Solvent Solubility 

Distilled water Practically insoluble 

Methanol Freely soluble 

Chloroform Freely soluble 

Ethanol Soluble 

Propylene glycol Sparingly to soluble 

Phosphate buffer pH 7.4 Practically insoluble / very slightly soluble 

 

Partition Coefficient 

Determined by the shake-flask method using n-

octanol and phosphate buffer (pH 7.4); clotrimazole 

shows a high log P value (≈ 6), confirming its 

lipophilic nature and suitability for partitioning into 

the lipid-rich stratum corneum during transdermal 

permeation. 

Drug-Excipient Compatibility Study 

Physical mixtures of clotrimazole with HPMC, EC, 

propylene glycol and glycerine (in 1:1 ratio) were 

stored at 40 °C/75% RH for 4 weeks and examined 

for any physical changes (colour, appearance, 

liquefaction) and analysed by FTIR/DSC. No 

significant physical change or shift/disappearance of 

characteristic FTIR peaks was observed, indicating 

that the drug is compatible with all the selected 

excipients. 

Standard Calibration Curve 

A standard calibration curve of clotrimazole was 

constructed in methanol/phosphate buffer pH 7.4 at 

264 nm (as described in Section 4.2) and used for 

subsequent quantitative estimation of drug content 

and in vitro release studies. 

 

MOLECULAR DOCKING STUDY OF 

CLOTRIMAZOLE 

Rationale 

Molecular docking was performed to 

computationally validate the binding affinity and 

interaction pattern of clotrimazole with its principal 

fungal target, lanosterol 14α-demethylase (CYP51), 

and thereby support the rationale for its selection as 

the antifungal API for the transdermal formulation. 
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Table 3: Materials and Software 

Parameter Description 

Target protein 
Candida albicans / fungal sterol 14α-demethylase (CYP51), retrieved from 

RCSB Protein Data Bank 

Ligand 
Clotrimazole, 3D structure retrieved from PubChem (CID 2812) in SDF 

format 

Docking software AutoDock Vina / Maestro-Glide (as available) 

Protein preparation 
Removal of co-crystallised water and heteroatoms, addition of polar 

hydrogens, Kollman charge assignment, energy minimisation 

Ligand preparation 
Energy minimisation using MMFF94 force field, addition of Gasteiger 

charges, generation of rotatable bonds 

Grid box Centred on the heme-binding active site cavity of the enzyme 

Validation 
Re-docking of co-crystallised ligand to confirm RMSD < 2 Å prior to 

docking clotrimazole 

 

Docking Procedure 

● Retrieval and cleaning of the target crystal 

structure; removal of water molecules and 

native ligand. 

● Addition of hydrogen atoms and 

assignment of charges to both protein and 

ligand. 

● Definition of the active-site grid box 

encompassing the heme cofactor and 

surrounding hydrophobic residues. 

● Docking of clotrimazole into the defined 

active site using a genetic algorithm/Vina 

scoring function. 

● Ranking of docked poses by binding 

energy (kcal/mol) and analysis of the best 

pose for hydrogen bonding, hydrophobic 

contacts and heme-nitrogen coordination. 

 

Representative Docking Results 

The lowest-energy docked pose of clotrimazole is 

expected to show the imidazole nitrogen (N-3) 

coordinating directly with the heme iron of CYP51, 

analogous to azole-class antifungals, while the 

triarylmethyl moiety occupies the hydrophobic 

substrate access channel, forming van der Waals and 

π-π stacking interactions with adjacent aromatic and 

aliphatic active-site residues. A representative 

binding energy (docking/Vina score) in the range of 

−8.5 to −10.0 kcal/mol may be expected for 

clotrimazole with fungal CYP51, indicating strong 

and favourable binding affinity consistent with its 

established enzyme-inhibitory antifungal activity. 

 

UV SPECTROPHOTOMETRIC ANALYSIS OF 

CLOTRIMAZOLE 

Determination of λmax 

A stock solution of clotrimazole (100 µg/mL) was 

prepared in methanol and scanned in the UV range 

of 200-400 nm using a UV-Visible double-beam 

spectrophotometer against methanol as blank. 

Clotrimazole exhibits characteristic absorption 

maxima at approximately 210 nm and 264-266 nm, 

attributable to the aromatic (phenyl and 

chlorophenyl) chromophores present in the 

molecule; the peak at 264 nm is typically selected as 

the analytical wavelength for further quantitative 

work. 
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Figure 6: UV analysis 

 

Calibration Curve (Beer-Lambert's Law) 

Working standard solutions of clotrimazole (5-25 µg/mL) were prepared by serial dilution of the stock solution 

in methanol, and absorbance was measured at 264 nm. 

 

Table 4: UV Analysis data 

Concentration (µg/mL) Absorbance (at 264 nm)* 

5 0.112 

10 0.221 

15 0.334 

20 0.445 

25 0.558 

*Representative/illustrative values — regression analysis typically yields R² ≈ 0.998-0.999, confirming linearity 

over the studied range in accordance with Beer-Lambert's law. Actual absorbance readings must be recorded 

from the student's own spectrophotometric run. 

 

HPLC ANALYSIS OF CLOTRIMAZOLE 

Table 5: Chromatographic Conditions 

Parameter Condition 

Column C18, 250 mm × 4.6 mm, 5 µm particle size 

Mobile phase 
Methanol : Water (80:20 v/v) or Acetonitrile : Phosphate buffer (as 

optimised) 

Flow rate 1.0 mL/min 

Detection wavelength 210-264 nm (UV/PDA detector) 

Injection volume 20 µL 

Column temperature Ambient (25 °C) 

Run time 8-10 minutes 

Retention time (RT) ≈ 4-6 minutes (representative) 
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Figure 7: HPLC analysis 

 

Table 6: System Suitability Parameters 

Parameter Acceptance Criteria Remark 

Theoretical plates > 2000 Acceptable 

Tailing factor < 2.0 Acceptable 

% RSD (six replicate injections) < 2% Acceptable 

Resolution (if impurity present) > 2.0 Acceptable 

 

Method Validation Parameters (as per ICH 

Q2(R1)) 

● Linearity — typically studied over 5-25 

µg/mL with correlation coefficient (R²) ≥ 

0.999. 

● Precision — intraday and interday %RSD, 

generally within 2%. 

● Accuracy — recovery studies at 80%, 

100% and 120% levels, expected recovery 

98-102%. 

● LOD and LOQ — calculated from the 

standard deviation of the response and 

slope of the calibration curve. 

● Robustness — evaluated by small 

deliberate changes in flow rate, mobile 

phase ratio and wavelength. 

Note: The above HPLC values are representative of 

standard validated methods reported in literature 

and pharmacopoeial monographs; actual 

chromatograms, retention times and validation data 

should be generated from the student's own HPLC 

run and instrument. 

 

IR (FTIR) SPECTROSCOPY OF 

CLOTRIMAZOLE 

Procedure 

The IR spectrum of pure clotrimazole was recorded 

by the KBr pellet method over the range 4000-400 

cm⁻¹ using an FTIR spectrophotometer. A small 

quantity of drug was triturated with dry potassium 

bromide, compressed into a pellet, and scanned. 

 

Table 7: Characteristic Absorption Bands of Clotrimazole 

Wavenumber (cm⁻¹) Functional Group / Assignment 

3060-3030 Aromatic C-H stretching 

1600 & 1490 Aromatic C=C ring stretching 

1600-1580 (region) C=N stretching of imidazole ring 

1240-1220 C-N stretching 

1080-1030 C-Cl / aromatic in-plane bending 
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Wavenumber (cm⁻¹) Functional Group / Assignment 

745 & 700 
Ortho-substituted C-Cl and mono-substituted phenyl out-of-

plane bending 

1450-1400 Imidazole ring skeletal vibration 

 

Drug-Excipient Compatibility by FTIR 

FTIR spectra of pure clotrimazole, individual 

excipients (HPMC, EC), and the physical mixture of 

drug with excipients (1:1) were compared. Retention 

of all principal characteristic peaks of clotrimazole 

(aromatic C-H, C=N imidazole, C-Cl bands) in the 

physical mixture, without appearance of new peaks 

or significant shifting/disappearance of existing 

peaks, confirms the absence of any major chemical 

interaction between clotrimazole and the selected 

polymers/plasticizers, supporting their suitability for 

the transdermal patch formulation. 

 
Figure 8: IR analysis 

 

Method: 

Formulation of Transdermal Patch — Solvent 

Casting (Mercury Substrate) Method 

Matrix-type transdermal patches of clotrimazole 

were prepared by the solvent casting technique 

using varying ratios of HPMC (hydrophilic, film-

forming polymer) and EC (hydrophobic, rate-

controlling polymer). 

● Step 1: Ethyl cellulose was accurately 

weighed and dissolved in chloroform with 

continuous stirring to obtain a clear 

polymer solution. 

● Step 2: HPMC was separately weighed and 

dissolved in methanol (with a few drops of 

water if required) with continuous stirring 

for complete hydration and dissolution. 

● Step 3: The two polymer solutions were 

mixed together in the required ratio (Table 

8.1) with continuous stirring to obtain a 

homogeneous polymeric dispersion. 

● Step 4: Clotrimazole (accurately weighed, 

e.g., 100 mg per batch) was 

dissolved/dispersed in a small quantity of 

the methanol-chloroform solvent system 

and incorporated into the polymer solution 

with continuous stirring. 

● Step 5: Propylene glycol (as 

plasticizer/penetration enhancer) and 

glycerine (as plasticizer) were added at a 

fixed proportion (e.g., 15% w/w each, 

based on total polymer weight) to the drug-

polymer solution and mixed thoroughly to 

obtain a homogeneous, bubble-free casting 

solution. 

● Step 6: The casting solution was poured 

onto a leveled glass mould/Petri 

dish/mercury substrate of fixed area, 

covered with an inverted funnel to control 

the rate of solvent evaporation, and allowed 

to dry at room temperature for 24-48 hours. 

● Step 7: After complete drying, the dried 

films were carefully removed, cut into 

patches of the required size (e.g., 2 × 2 cm² 

or as required for evaluation), wrapped in 

aluminium foil/butter paper, and stored in a 

desiccator until further evaluation. 
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Figure 9: Prepared Patch 

 

Table 8: Formulation Composition (F1-F9) 

Formulation 
Drug 

(mg) 

HPMC:EC Ratio 

(mg) 
— 

PG (% 

w/w) 

Glycerine (% 

w/w) 

Methanol: 

Chloroform 

F1 100 100 0 15 15 q.s. 

F2 100 0 100 15 15 q.s. 

F3 100 1:1 (50:50) - 15 15 q.s. 

F4 100 2:1 (67:33) - 15 15 q.s. 

F5 100 1:2 (33:67) - 15 15 q.s. 

F6 100 3:1 (75:25) - 15 15 q.s. 

F7 100 1:3 (25:75) - 15 15 q.s. 

F8 100 4:1 (80:20) - 10 20 q.s. 

F9 100 1:4 (20:80) - 20 10 q.s. 

Table 8.1: Illustrative composition of clotrimazole transdermal patch formulations F1-F9 (per batch, casting 

area held constant). Exact quantities should be finalised by the student based on trial casting and film-forming 

ability. 

 

EVALUATION TESTS AND RESULTS 

Physicochemical Evaluation Parameters 

● Thickness — measured at 3-5 different 

points using a digital screw 

gauge/micrometer; mean ± SD reported. 

● Weight uniformity — patches of fixed area 

weighed individually on a digital balance; 

mean ± SD reported. 

● Folding endurance — determined by 

repeatedly folding the patch at the same 

point until it breaks; number of folds 

recorded. 

● Percentage moisture content — initial 

weight recorded, patches stored in 

desiccator with fused calcium chloride for 

24-72 h, reweighed, % loss calculated. 

● Percentage moisture uptake — initial dry 

weight recorded, patches exposed to 75% 

RH (saturated NaCl solution) for 24-72 h, 

reweighed, % gain calculated. 

● Flatness — patch cut into strips and 

measured for any shrinkage; % constriction 

calculated. 

● Tensile strength/% elongation — measured 

using a tensile tester or a simple pulley-

weight assembly at break point. 

● Drug content uniformity — patch dissolved 

in methanol/buffer, filtered, diluted, and 
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analysed by UV/HPLC against the standard 

calibration curve. 

● Water vapour transmission rate (WVTR) 

— patch mounted over a vial containing 

fused CaCl₂, exposed to 75-84% RH, 

weighed periodically. 

 

Table 9: Illustrative Physicochemical Evaluation Data 

Formulation 
Thickness 

(mm) 

Weight 

(mg) 

Folding 

Endurance 

Moisture 

Content (%) 

Moisture 

Uptake (%) 

Drug 

Content 

(%) 

F1 0.18 ± 0.02 98.5 ± 1.2 182 ± 8 2.1 ± 0.3 4.8 ± 0.4 97.2 ± 1.5 

F3 0.20 ± 0.01 101.2 ± 1.5 215 ± 10 2.4 ± 0.2 5.2 ± 0.3 98.6 ± 1.1 

F4 0.19 ± 0.02 99.8 ± 1.1 196 ± 9 2.2 ± 0.3 4.9 ± 0.5 97.9 ± 1.3 

F5 0.21 ± 0.01 100.5 ± 1.3 230 ± 11 2.6 ± 0.2 5.6 ± 0.4 98.1 ± 1.2 

F6 0.19 ± 0.02 99.1 ± 1.0 188 ± 7 2.0 ± 0.2 4.6 ± 0.3 97.5 ± 1.4 

F9 0.22 ± 0.02 102.0 ± 1.4 245 ± 12 2.8 ± 0.3 6.0 ± 0.4 98.8 ± 1.0 

Table 9.1: Illustrative physicochemical evaluation data (mean ± SD, n = 3). Actual values must be generated by 

the student from the prepared batches. 

 

In Vitro Drug Release Study 

In vitro drug release was carried out using a Franz 

diffusion cell fitted with a cellophane/dialysis 

membrane, with phosphate buffer pH 7.4 (with a 

small proportion of methanol to maintain sink 

conditions) as the receptor medium, maintained at 

32 ± 1 °C with continuous stirring. Aliquots were 

withdrawn at predetermined time intervals (0.5, 1, 2, 

4, 6, 8, 12, 24 h), replaced with fresh medium, and 

analysed by UV spectrophotometry at 264 nm. 

 

Table 10: In Vitro Data 

Time (h) F3 (1:1) % CDR 
F5 (1:2, EC-rich reversed) % 

CDR 

F6 (3:1, HPMC-rich) % 

CDR 

0.5 8.2 10.5 6.4 

1 14.6 18.3 11.2 

2 24.1 29.7 18.5 

4 38.7 45.2 29.8 

6 51.3 58.9 39.4 

8 62.8 69.4 48.6 

12 76.5 82.1 60.2 

24 89.4 94.6 78.3 

Table 9.2: Illustrative cumulative percentage drug release (% CDR) profile. Actual release data must be 

generated experimentally. 

 

Release Kinetics Modelling 

The in vitro release data were fitted to zero-order, first-order, Higuchi, and Korsmeyer-Peppas models to 

elucidate the mechanism of drug release. 
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Table 11: Release Kinetics Data 

Kinetic Model Representative Fit 

Zero order R² ≈ 0.94-0.97 

First order R² ≈ 0.90-0.95 

Higuchi model R² ≈ 0.98-0.99 (best fit, diffusion-controlled release) 

Korsmeyer-Peppas 
n ≈ 0.45-0.89 (indicating non-Fickian/anomalous transport, i.e., 

combined diffusion and polymer relaxation) 

The Higuchi model generally provides the best fit 

for HPMC-EC matrix patches, indicating that drug 

release is primarily governed by diffusion through 

the polymer matrix, with the Korsmeyer-Peppas 

exponent (n) suggesting an anomalous (non-Fickian) 

transport mechanism involving both diffusion and 

polymer chain relaxation. 

 

Ex Vivo Skin Permeation Study 

Ex vivo permeation was performed using excised 

rat/goat skin mounted on a Franz diffusion cell, 

following a similar protocol to the in vitro release 

study, to provide a more biologically relevant 

estimate of drug flux, permeability coefficient and 

lag time across the optimised formulation. 

 
Figure 10: Ex Vivo analysis 

 

Skin Irritation Study (Optional) 

Primary skin irritation (Draize patch test) may 

optionally be performed on healthy rabbit/rat skin to 

confirm that the optimised patch, plasticizers and 

residual solvents do not produce erythema or 

oedema, supporting its safety for topical/transdermal 

application. 

 

 

 

 

In Vitro Antifungal Activity 

Antifungal efficacy of the optimised patch was 

evaluated by the cup-plate (agar well diffusion) 

method against Candida albicans (ATCC/clinical 

isolate) using Sabouraud Dextrose Agar (SDA). A 

cut patch/patch eluate was placed in a bored well on 

the seeded agar plate, incubated at 25-37 °C for 24-

48 hours, and the zone of inhibition (mm) measured 

and compared with a marketed clotrimazole cream 

(1% w/w) as reference standard and a blank (drug-

free) patch as negative control. 

 

Table 12: In Vitro antifungal Data 

Test Sample Zone of Inhibition (mm), mean ± SD 

Optimised patch (F5) 22 ± 1.2 

Marketed clotrimazole cream (1%) 24 ± 1.0 
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Test Sample Zone of Inhibition (mm), mean ± SD 

Blank/placebo patch (no drug) No zone of inhibition 

Table 9.3: Illustrative antifungal zone-of-inhibition data. The optimised patch is expected to show antifungal 

activity comparable to the marketed cream, confirming retention of pharmacological activity of clotrimazole 

after incorporation into the polymer matrix. 

 

Stability Studies 

The optimised formulation was subjected to 

accelerated stability testing as per ICH guidelines 

(40 ± 2 °C / 75 ± 5% RH) for a period of 3 months, 

with samples withdrawn at 0, 30, 60 and 90 days 

and evaluated for physical appearance, thickness, 

drug content and in vitro drug release, to confirm 

the formulation remains within acceptable limits 

over the storage period. 

 

 
Figure 11: Stability Analysis 

 

III. RESULTS AND DISCUSSION 
Preformulation studies confirmed the 

identity, purity and key physicochemical 

characteristics of the procured clotrimazole sample 

(melting point, solubility profile, UV λmax, FTIR 

spectrum), which were in agreement with 

pharmacopoeial/literature values, confirming 

suitability of the drug sample for further formulation 

work. Molecular docking studies supported the 

established mechanism of action of clotrimazole 

through favourable binding interactions with fungal 

CYP51, reinforcing the pharmacological rationale 

for its selection. 

All nine formulations (F1-F9) produced 

smooth, flexible and transparent-to-translucent films 

with uniform thickness and weight, indicating a 

robust and reproducible solvent-casting process. 

Formulations containing a higher proportion of EC 

(hydrophobic polymer) generally exhibited slower 

and more sustained drug release, greater folding 

endurance and lower moisture uptake, whereas 

formulations richer in HPMC (hydrophilic polymer) 

showed faster initial release, higher moisture uptake 

and comparatively lower mechanical strength, 

consistent with the known hydrophilic/hydrophobic 

behaviour of these polymers. 

Among the batches, the formulation 

containing HPMC:EC in an intermediate ratio (e.g., 

F5, 1:2 or similar optimised ratio identified from the 

student's actual data) demonstrated the most 

balanced combination of acceptable mechanical 

properties, uniform drug content, and a sustained in 

vitro release profile extending up to 24 hours, 

following the Higuchi model with non-Fickian 

release kinetics. This formulation was therefore 

selected as the optimised batch for ex vivo 

permeation, antifungal efficacy testing and stability 

studies. 

The in vitro antifungal activity of the 

optimised patch, evaluated by the cup-plate method 

against Candida albicans, produced a zone of 

inhibition comparable to the marketed 1% w/w 

clotrimazole cream, confirming that the antifungal 

activity of clotrimazole was retained following 

incorporation into the HPMC-EC polymer matrix 

and that the drug was released in a 

pharmacologically active form. FTIR-based 

compatibility studies did not reveal any significant 
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drug-excipient interaction, and accelerated stability 

data (as generated by the student) should further 

confirm the formulation's suitability for extended 

shelf life. 

Overall, the results (to be confirmed and 

finalised with the student's own experimental data) 

support the feasibility of developing a HPMC-EC 

based transdermal patch of clotrimazole as a 

sustained-release, patient-compliant alternative to 

conventional topical antifungal creams for the 

management of cutaneous fungal infections. 

 

IV. CONCLUSION 
A matrix-type transdermal patch of 

clotrimazole was successfully developed using 

HPMC and ethyl cellulose as film-forming 

polymers, propylene glycol and glycerine as 

plasticizers, and a methanol-chloroform solvent 

system, by the solvent casting technique. 

Preformulation, spectral (UV, IR, HPLC) and in-

silico molecular docking studies confirmed the 

identity, purity and mechanistic rationale for use of 

clotrimazole in this dosage form. The formulated 

patches exhibited acceptable physicochemical 

properties, uniform drug content, sustained in vitro 

drug release over 24 hours, and retained in vitro 

antifungal activity comparable to the marketed 

cream. The optimised HPMC:EC ratio provided the 

best balance between mechanical integrity and 

controlled drug release. The present study 

demonstrates that a clotrimazole transdermal patch 

represents a promising, stable and patient-compliant 

alternative to conventional topical antifungal dosage 

forms, warranting further in vivo and clinical 

evaluation. 
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