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1. ABSTRACT 

In recent years, fungal infections have become an increasingly 

significant global health concern. This rise in prevalence is partly due 

to the growing number of immunocompromised patients, the 

widespread use of antimicrobial, and environmental changes that 

promote fungal proliferation. Fungal pathogens, such as Candida, 

Aspergillus, and Trichophyton, are responsible for a wide range of 

infections, including superficial skin conditions, systemic infections, 

and mucosal infections. Traditional treatment approaches often face 

limitations due to issues like poor bioavailability, drug resistance, and 

side effects associated with oral or systemic antifungal agents. 

Therefore, there is a growing demand for innovative drug delivery 

systems that can improve the efficacy of antifungal treatments while 

minimizing these issues. One promising strategy is the use of novel drug delivery systems 

that not only improve the localized delivery of antifungal agents but also ensure sustained 

and controlled release to enhance therapeutic outcomes. In this context, the development of a 

paper strip-based antifungal dosage form has been explored as an effective alternative to 

conventional dosage forms such as creams, ointments, or oral tablets. 
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2. INTRODUCTION 

 

Fig. 2.1: Mechanism of fungal infection. 

 

Fungal infection 

(1) stimulates the arrival of monocytes at the site of infection 

(2) Which subsequently mature into monocyte-derived dendritic cells (moDCs). Depending 

on local environmental host and pathogen factors, these moDCs can develop into either 

inflammatory DCs (inf-DCs; 3a) or immunomodulatory DCs (imo-DCs; 3b), which 

subsequently direct the immune response. Inf-DCs promote sterilizing immunity 

characterized by interferon gamma (IFNγ)- producing Th1 cells, interleukin (IL)-17-

producing Th17 cells, and " classically activated " exudate macrophages (ExMs; 4a). Imo-

DCs promote fungal persistence characterized by IL-10-producing Treg cells, IL-4-, IL-5, 

and IL-13-producing Th2 cells, and “alternatively-activated” exudate macrophages 

(4b).
[1,2]

 

 

 Rising Cases of Fungal Infections, Especially in Immunocompromised Patients 

Fungal infections have become an increasing public health concern, particularly among 

immunocompromised individuals. These infections, which were once considered relatively 

rare or confined to specific populations, now affecting a broader range of patients, 

including those with.
[3]
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 HIV/AIDS 

 Cancer patients undergoing chemotherapy 

 Organ transplant recipients 

 People with diabetes or chronic respiratory diseases 

 Patients on long-term immunosuppressive therapy 

 

Immunocompromised patients are particularly vulnerable to fungal infections because their 

immune systems are unable to mount an effective defense. As a result, opportunistic fungi 

that are typically harmless in healthy individuals can cause serious, life-threatening infections 

in these populations. Some of the most common fungi responsible for infections include 

Candida species (e.g., Candida albicans), Aspergillus species (e.g., Aspergillus fumigatus), 

and Mucor species (which cause mucormycosis).
[4,5]

 

 

 Key Factors Behind the Rise in Fungal Infections 

1. Increased Use of Immunosuppressive Drugs: Drugs like corticosteroids, chemotherapy 

agents, and immunosuppressive drugs for organ transplants lower the body's ability to 

fight off fungal infections.
[6]

 

2. Prevalence of Chronic Diseases: Diabetes and other metabolic disorders, which can alter 

immune responses and provide an environment conducive to fungal growth, are becoming 

more common.
[7]

 

3. Improved Diagnostic Methods: Advances in fungal infection diagnostics, such as PCR-

based techniques and imaging, have led to better detection, but they also reveal more 

cases that were previously undiagnosed.
[8]

 

4. Climate Change: Changes in climate, including rising temperatures and humidity, may 

expand the range of certain fungi, leading to more frequent environmental exposure and 

infection.
[9]

 

 

 Limitations of Current Antifungal Treatments 

The treatment of fungal infections, particularly in immunocompromised patients, faces 

several significant challenges. Some of the major limitations of current antifungal therapies 

include: 

1. Systemic Toxicity 

 Amphotericin B (often considered the "gold standard" for severe systemic fungal 

infections) is highly effective but has serious systemic side effects, including kidney 
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toxicity. This limits its use, especially in patients who may already be experiencing renal 

issues due to their underlying condition or treatment regimen.
[10]

 

 Voriconazole, another broad-spectrum antifungal, has been associated with liver toxicity 

and visual disturbances. These side effects may require close monitoring and dose 

adjustments.
[11]

 

 Flucytosine, used in combination with other antifungals for certain infections like 

cryptococcal meningitis, can cause bone marrow suppression and liver dysfunction.
[12]

 

 Systemic antifungal agents can lead to cumulative toxicity over prolonged periods, 

especially in critically ill or elderly patients who may have impaired organ 

function.
[13]

 

 

2. Poor Bioavailability 

 Many antifungal agents suffer from poor oral bioavailability, meaning that they are not 

efficiently absorbed into the bloodstream when taken orally. This is particularly true for 

drugs like Itraconazole, which can have variable absorption, and for Griseofulvin, which 

is often ineffective for deep or invasive fungal infections because it is poorly absorbed 

from the gastrointestinal tract.
[14]

 

 As a result, many antifungal treatments require intravenous administration, which is not 

always feasible for long-term therapy, especially in outpatient settings or in patients with 

limited access to healthcare.
[15] 

 

3. Narrow Spectrum and Limited Effectiveness 

 While azole antifungals (e.g., fluconazole, voriconazole) are effective against certain 

fungal pathogens, they have limited efficacy against others. For example, azoles are not 

effective against Mucorales, which cause mucormycosis, a rapidly progressing and 

often fatal infection in immunocompromised patients. 

 Echinocandins (e.g., caspofungin, micafungin) are useful for treating Candida infections 

but have limited activity against molds like Aspergillus. 

 This narrow spectrum of activity can make treatment more complicated, especially when 

the causative fungal pathogen is not initially identified or when the infection is 

polymicrobial (involving multiple fungal species).
[16]

 

 

4. Development of Resistance 

 Antifungal resistance is an emerging problem, particularly with Candida species. Strains 
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of Candida albicans and other species have developed resistance to azoles (e.g., 

fluconazole), making treatment more difficult and leading to treatment failures in some 

cases. 

 Resistance to echinocandins has also been documented, though it is less common. The 

rise in resistance is linked to overuse and misuse of antifungal drugs, particularly in 

hospitals and long- term care settings.
[17]

 

 

5. Limited Options for Severe or Rare Infections 

 For certain severe fungal infections, especially those caused by less common pathogens 

like Mucorales (causing mucormycosis) or Histoplasma capsulatum, there are few 

effective treatment options. While liposomal amphotericin B may be used, it’s not 

always effective, and there is a lack of FDA-approved drugs for these infections.
[18] 

 Invasive fungal infections of the central nervous system (e.g., cryptococcal meningitis) 

require prolonged therapy with antifungal agents that may have limited penetrance into 

the brain, leading to suboptimal treatment outcomes.
[19] 

 

6. Biodegradability and Sustainability 

 Paper, as a naturally occurring material, is biodegradable and can be produced from 

renewable sources, making paper strips a more environmentally friendly alternative to 

plastic-based dosage forms. This aspect of sustainability aligns with growing concerns 

about the environmental impact of pharmaceutical packaging and waste, thus offering a 

greener solution for drug delivery systems.
[20] 

 By using paper as the primary substrate, paper strip formulations could potentially reduce 

the carbon footprint associated with drug packaging, offering an eco-conscious alternative 

in an era of growing environmental awareness.
[21] 

 

 Justification for Paper Strip Dosage Form 

Paper strips, as an innovative dosage form, offer several key advantages for drug delivery that 

make them a promising alternative to conventional forms like tablets, capsules, or liquid 

formulations. Below is an expanded explanation of their benefits: 

1. Flexibility and Lightweight - Paper strips are inherently flexible and lightweight, making 

them easy to handle, store, and transport. This versatility also allows for customization in 

terms of shape, size, and thickness to suit various therapeutic needs. Their portability and 

minimal weight make them an ideal option for patients on the go, particularly for 
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paediatric, geriatric, or non-compliant patients who may struggle with swallowing 

traditional dosage forms.
[22]

 

 

2. Ease of Customization - The paper matrix can be tailored to meet specific drug delivery 

needs. For example, drug content, release rates, and even the addition of excipients can 

be adjusted to optimize the therapeutic effect. Paper strips can be printed or coated with 

active pharmaceutical ingredients (APIs) in precise doses, allowing for highly controlled 

and targeted drug delivery. This customization is especially beneficial in personalized 

medicine, where treatment plans are becoming more individualized. 
[23]

 

 

3. Sustained and Controlled Drug Release - One of the most significant advantages of 

paper strips is their potential to deliver drugs in a sustained, controlled manner. Paper is a 

porous material that can be designed to release drugs over extended periods, thereby 

providing a continuous therapeutic effect. This could minimize the need for frequent 

dosing, improving patient compliance and convenience. The rate of drug release can be 

tailored by adjusting the formulation, such as through the use of polymers or other 

substances embedded within the paper to modulate the release kinetics.
[24]

 

 

4. Minimal Side Effects and Improved Efficacy - Because paper strips can offer controlled 

release, they help maintain therapeutic drug concentrations in the bloodstream over a 

longer period. This results in a reduction in the fluctuations of drug levels typically seen 

with immediate-release formulations, which can help minimize side effects such as peaks 

in plasma concentration that cause adverse reactions. The consistent delivery of the drug 

can lead to better efficacy and potentially reduce the likelihood of drug toxicity or 

under-dosing.
[25]

 

 

5. Patient-Friendly and Non-Invasive Delivery – Paper strips can be designed for various 

routes of administration, such as oral or transdermal delivery. For oral use, the strip 

dissolves or disintegrates in the mouth, offering an easy-to- administer alternative for 

individuals who have difficulty swallowing pills. Transdermal strips could allow for drug 

absorption through the skin, providing an alternative to injections and enhancing patient 

comfort. The non-invasive nature of these delivery systems is a significant advantage, 

especially for children, elderly individuals, and those with chronic conditions who require 

long-term therapy.
[26]
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3. AIM AND OBJECTIVE AIM 

To formulate and evaluate a novel antifungal paper strip for localized delivery, minimizing 

systemic side effects and enhancing antifungal efficacy. 

 

Objectives 

 To prepare a paper strip dosage form with an incorporated antifungal agent. 

 To evaluate the physicochemical characteristics of the paper strip, including tensile 

strength, folding endurance, and thickness. 

 To perform in vitro release studies to determine the release profile of the antifungal 

agent from the strip. 

 To assess the antifungal efficacy of the formulation against common fungal pathogens. 

 

4. METHODOLOGY 

 Key Components of Antifungal Paper Strips 

The formulation of antifungal paper strips involves several important components to 

ensure the efficacy, stability, and controlled release of the active ingredient. 

 

4.1 Active Ingredient: The choice of antifungal agent depends on the type of fungal 

infection being targeted. Common antifungal agents that can be used in these strips 

include: 

o Azoles (e.g., fluconazole, ketoconazole) 

o Allylamines (e.g., terbinafine) 

o Polyenes (e.g., nystatin, amphotericin B) 

o Echinocandins (e.g., caspofungin, micafungin) 

o Griseofulvin or Tolnaftate (for dermatophyte infections
[27]

 

 

4.2 Paper Base Material: The base material of the strip is typically a thin, porous paper or 

fabric- like substrate that can hold the active drug while still allowing for diffusion. 

Materials like cellulose-based paper, non-woven fabrics, or biopolymer-based materials 

can be used.
[28]

 

 

4.3 Polymeric Matrix: To ensure the sustained release of the antifungal agent, the paper can 

be impregnated with a polymeric matrix. Polymers like hydroxypropyl methylcellulose 

(HPMC), polyethylene glycol (PEG), or Carbopol may be used to form the matrix and 

control the drug release rate.
[29]
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4.4 Plasticizers and Stabilizers: To enhance the flexibility and stability of the paper strip, 

plasticizers (e.g., glycerine, propylene glycol) and stabilizers (e.g., antioxidants) may be 

incorporated into the formulation. These ingredients also help prevent the degradation of 

the active drug over time.
[30]

 

 

4.5 Adhesives: If the strip is intended for direct application to the skin or mucous membrane, 

it may be coated with an adhesive layer (e.g., polyvinyl alcohol, acrylates) to ensure 

proper adhesion without causing irritation or discomfort.
[31]

 

 

4.6 Preservatives: If the formulation contains water or is susceptible to microbial 

contamination, preservatives like benzalkonium chloride or phenoxyethanol may be 

added to ensure the stability and shelf-life of the product.
[32]

 

 

 METHOD 

1. Selection of Antifungal Agent 

The first step is selecting a suitable antifungal drug. The antifungal agent should be active 

against the targeted pathogen, stable during storage, and easily incorporated into the 

formulation. Some common antifungal agents include: 

 Clotrimazole 

 Miconazole 

 Ketoconazole 

 Fluconazole 

 Terbinafine
[33]

 

 

2. Paper Substrate Selection 

The paper used for the dosage form should have specific properties to support the drug, such 

as: 

 Porosity: Ensures controlled release of the drug. 

 Biocompatibility: Non-toxic and non-irritating to the skin or mucosal membranes. 

 Strength: It should not tear easily when handled. 

 Absorbency: Helps retain the antifungal agent for sustained release. 

 Ease of handling: Should be easy to apply to the site of infection. 

 

Common substrates could be filter paper, blotting paper, or hydrocolloid paper, 

depending on the desired release profile and therapeutic application.
[34]
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3. Formulation of Drug Solution 

To incorporate the antifungal agent into the paper substrate, it must first be dissolved or 

dispersed in a suitable solvent. The solvent should have the following properties: 

 Solubility for the antifungal agent 

 Non-toxic: to the skin and tissues 

 Volatility: Should evaporate after the drug is absorbed by the paper, leaving only the 

active compound. 

 

The typical formulation includes 

 Antifungal drug (e.g., Clotrimazole, Miconazole) 

 Solvent (e.g., ethanol, water, glycerin, or a mixture) 

 Polymeric excipients: These are often included to improve adhesion to the paper and 

enhance controlled release. Examples include hydroxypropyl methylcellulose (HPMC), 

polyvinyl alcohol (PVA), or carbopol. 

 Plasticizers: These improve flexibility, such as glycerin or propylene glycol.
[35]

 

 

4. Impregnation of Paper Strips 

Once the drug solution is prepared, the paper strips are impregnated with the drug solution 

via: 

 Dipping method: The paper strips are immersed in the antifungal solution for a 

specified period, followed by removal and drying. 

 Spraying method: The drug solution is sprayed onto the surface of the paper strip and 

allowed to dry. 

 Printing method: The drug solution can also be printed directly onto the paper using 

inkjet or screen-printing techniques. 

 

The amount of drug loaded onto the paper strip can be controlled by adjusting the 

concentration of the drug in the solution and the immersion time.
[36]

 

 

5. Drying Process 

After impregnation, the paper strips must be dried to remove the solvent and leave behind the 

active drug. This is typically done using: 

 Air drying 

 Vacuum drying 

 Freeze-drying (lyophilization), depending on the stability of the drug and 
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formulation.
[37]

 

 

6. Characterization of Paper Strips 

Once the paper strips are dried, the following tests and characterizations should be 

performed: 

 Drug content uniformity: Ensures that each strip contains the intended amount of the 

active drug. 

 Release profile: Conduct in vitro studies to evaluate how the drug is released from the 

paper strip over time. This can be done using a dissolution test in appropriate media (e.g., 

PBS, simulated skin conditions). 

 Mechanical properties: Evaluate the tensile strength and flexibility of the paper strip to 

ensure it is easy to handle and apply without breaking. 

 Surface morphology: Microscopic analysis can be used to observe the uniformity of the 

drug coating on the paper. 

 Sterility and microbial testing: The strips should be sterile to prevent contamination and 

ensure they are safe for topical use.
[38]

 

 

7. Packaging and Storage 

The final paper strips should be packaged in airtight, moisture-proof packaging to prevent 

degradation or loss of activity. Common packaging materials include: 

 Blister packs 

 Foil pouches 

 Plastic containers 

 

The strips should be stored in a cool, dry place, away from light, and should have an 

appropriate shelf life based on stability testing.
[39]

 

 

5. EVALUATION 

1. Physical and Chemical Evaluation 

 Thickness and Integrity: Assess the physical properties of the paper strip, including 

thickness, flexibility, and tensile strength. The strip should be thin but durable enough to 

handle without breaking under normal conditions. 

 Active Ingredient Loading: Quantify the amount of antifungal agent incorporated into 

the paper strip to ensure the correct dose is available for therapeutic effectiveness. 

 Uniformity: Ensure that the distribution of the antifungal agent is uniform across the strip 
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to guarantee consistent dosing. 

 Drug Release Profile: Evaluate the release rate of the antifungal agent from the paper 

strip in simulated biological environments (e.g., skin, mucosal surfaces). This can be 

assessed using dissolution testing in-vitro.
[40] 

 

2. Efficacy Testing 

 In Vitro Testing 

o Minimum Inhibitory Concentration (MIC): Determine the MIC of the antifungal agent 

on common fungal pathogens like Candida spp., Aspergillus spp., or Dermatophytes. 

o Zone of Inhibition: Test the paper strips against fungal cultures to measure the size of 

the inhibition zone, which indicates the effectiveness of the antifungal agent. 

o Time-Kill Assay: Evaluate how quickly the paper strips can reduce the fungal load over 

time under controlled conditions. 

 In Vivo Testing (if applicable): 

o Animal Models: Use animal models (e.g., mice or rabbits) with fungal infections to test 

the therapeutic efficacy of the paper strips. This could involve applying the paper strips to 

infected skin or mucosal tissues and observing the reduction in fungal load. 

o Clinical Trials: Conduct human clinical trials to assess safety and efficacy. These would 

be essential to determine the real-world effectiveness of the paper strip, including patient 

compliance, ease of use, and overall treatment success. 

 

3. Stability Testing 

 Shelf Life: Evaluate the stability of the paper strip under various storage conditions (e.g., 

temperature, humidity). This is important to determine if the antifungal agent remains 

potent over time. 

 Packaging: Investigate the packaging system to ensure it protects the paper strips from 

moisture, light, and other environmental factors that could degrade the active ingredient. 

 Degradation Studies: Conduct studies to ensure that the paper strip does not degrade 

prematurely, which could lead to a loss of drug activity. 

 

4. Safety and Toxicity 

 Skin Irritation and Sensitization: Perform dermatological testing on the paper strips to 

ensure they do not cause skin irritation or allergic reactions when applied topically. 

 Cytotoxicity: Assess the cytotoxicity of the antifungal agent when applied directly to 
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cells (e.g., keratinocytes, fibroblasts) to ensure no adverse effects on skin cells. 

 Systemic Toxicity: Although unlikely with topical use, systemic toxicity testing is 

necessary if there is any risk of absorption of the antifungal agent.
[41]

 

 

6. CONCLUSION 

 The development of a paper strip as a novel antifungal dosage form holds great potential 

to improve the management of superficial fungal infections. By offering a localized, non- 

invasive, and cost-effective treatment option, paper strips could enhance patient 

compliance and provide more efficient therapy. 

 However, careful formulation, extensive evaluation, and clinical testing are essential to 

ensure the safety, stability, and effectiveness of this novel dosage form. As research 

progresses, paper strips may become an integral part of the therapeutic armamentarium 

for treating fungal infections. 
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