Volume 9 Issue 1 January 2025

ACTA SCIENTIFIC PHARMACEUTICAL SCIENCES (ISSN: 2581-5423)

Review Article

Advances in Antifungal Therapies: Miconazole Roll-On Gel as a Convenient Topical Solution

Devika Sahu? Monika Sahu?, Rupesh Pal’, Minakshi?, Priyanshu

Dewangan', Sobha Sahu?, Harish Sharma?® and Gyanesh Kumar Sahu'*

'Rungta Institute of Pharmaceutical Sciences and Research, Kohka, Kurud, Bhilai, India

?Rungta Institute of Pharmaceutical Sciences, Kohka, Kurud, Bhilai, India

3School of Pharmacy, Anjaneya University, Raipur, India

Received: December 04, 2024
Published: December 24, 2024
© All rights are reserved by
Gyanesh Kumar Sahu,, et al.

*Corresponding Author: Dr. Gyanesh Kumar Sahu, Professor and Dean, Rungta

Institute of Pharmaceutical Sciences and Research, Kohka, Kurud, Bhilai, India.

Abstract

Fungal infections pose significant challenges due to their prevalence and resistance to conventional treatments. Miconazole, an

azole antifungal agent, is widely recognized for its broad-spectrum activity against dermatophytes, yeasts, and molds. However, con-

ventional formulations such as creams and ointments often suffer from issues like inconsistent application, poor patient compliance,

and reduced efficacy due to limited retention on affected areas.

This review explores the potential of miconazole roll-on gel as a novel, user-friendly formulation for effective antifungal therapy.

The roll-on gel format offers benefits such as ease of application, enhanced penetration, and prolonged retention at the infection

site, leading to improved therapeutic outcomes. The formulation considerations, including gelling agents, drug release profiles, and

stability studies, are discussed in detail.

Moreover, the review examines preclinical and clinical studies evaluating the efficacy, safety, and patient acceptability of the mi-

conazole roll-on gel compared to conventional formulations. It also highlights the challenges in the development process, such as

achieving uniform drug distribution and overcoming formulation stability issues.

The findings indicate that miconazole roll-on gel has the potential to improve antifungal treatment outcomes by addressing limi-

tations of traditional delivery systems. This review aims to provide insights into its development and to encourage further research

in innovative topical drug delivery methods for antifungal therapies.
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Introduction

Fungal infections, caused by dermatophytes and yeasts, are a
widespread global health concern, particularly in warm, humid en-
vironments that favor fungal growth. These infections, commonly
affecting the skin, hair, and nails, include conditions like Tinea
Pedis (Athlete’s Foot), Tinea Corporis (Ringworm), and Onycho-
mycosis (nail infections) [1,2]. While not life-threatening in most
cases, these infections can cause significant discomfort, itching,
and social embarrassment, impacting the quality of life. Superficial
fungal infections are highly contagious and thrive in communal en-
vironments like swimming pools, gyms, and locker rooms, making

prevention and effective treatment essential [3,4].

Among antifungal treatments, azole drugs such as clotrimazole,
miconazole, and ketoconazole are widely used for their efficacy
and safety. These drugs inhibit ergosterol synthesis, a vital compo-
nent of fungal cell membranes, leading to the disruption of fungal
growth. Miconazole, in particular, is known for its broad-spectrum
activity against dermatophytes and yeasts. Its availability in vari-
ous formulations, including creams, powders, and gels, makes it
versatile for treating different fungal infections [5,6]. The develop-
ment of a roll-on gel formulation for miconazole further enhances
its utility, offering easy application, targeted delivery, and hygienic

use, especially for areas like the feet and groin.
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A common broad-spectrum antifungal medication used to treat
a variety of mucosal and superficial fungal infections is micon-
azole. Miconazole, a member of the azole antifungal class, works
by preventing the production of ergosterol, which is essential for
the formation of fungal cell membranes. Miconazole is a success-
ful treatment for a variety of dermatophyte and yeast infections
because it causes fungal cell death through a breakdown in the in-
tegrity of the cell membrane [7,8].

The medication is available in creams, powders, sprays, vagi-
nal suppositories, and oral gels, and its effectiveness is extended
to both topical and systemic formulations. Miconazole is a well-
liked option for treating mild to moderate fungal infections in
outpatient settings due to its accessibility and adaptability [9,10].

Apart from its well-established medicinal use, miconazole is re-
nowned for having a comparatively low frequency of adverse ef-
fects, however skin irritation and, in rare cases, systemic reactions
are possible. Due to its safety profile, the medication is now widely
used for both clinical treatment of fungal infections and self-care.
Despite its wide range of applications, further consideration of its
efficacy and use is necessary due to the development of drug re-
sistance in certain fungal strains and the possibility of medication

interactions, especially with oral anticoagulants [11,12].

History

A breakthrough in azole antifungal therapy led to the initial
development of miconazole, an imidazole antifungal drug, in the
early 1970s. It first appeared at a period when fungal infections
were becoming more widely acknowledged as a serious health
risk, especially for people with weakened immune systems. Micon-
azole’s broad-spectrum action against dermatophytes, yeasts like
Candida, and some Gram-positive bacteria led to its widespread
acceptance [13,14]. Originally developed as topical creams, pow-
ders, and oral gels, it proved effective in treating a range of muco-
cutaneous and superficial fungal infections. Miconazole’s method
of action, which targets the synthesis of fungal ergosterol, making
it a safer substitute for older antifungal drugs with higher toxicity
profiles, such as amphotericin B. Miconazole has developed into a
reliable antifungal throughout time and is now widely accessible in

both prescription and over-the-counter medications [12].
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1944 1990-92 2002

First antifungal Fluconazole & Voriconazole

azole reported Itraconazole (Pfizer)
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marketed: triazoles reported (Schering)
Ketoconazole approved

Figure 1: History of Antifungal drug Development.

Miconazole’s roll-on gel formulation is a contemporary devel-
opment that overcomes the drawbacks of conventional delivery
systems like creams and ointments. Initially, roll-on gels were in-
vestigated as a means of improving patient compliance, ensuring
accurate dose, and making application easier. Roll-on applicators’
design reduces product waste, avoids contamination, and makes it
easy to apply to difficult-to-reach places, including skin folds and
intertriginous zones that are frequently impacted by fungal infec-
tions. The growing need for effective and user-friendly antifungal
delivery systems is met by this breakthrough. In addition to ex-
panding its therapeutic use, the addition of miconazole to a roll-
on gel has given those looking for hygienic and portable treatment

choices a solution [15,16].

Disease

Pathogenic fungi that infiltrate human tissues are the cause of
fungal infections, often known as mycoses. These infections can
range from superficial skin layers to deep systemic diseases. In
tropical and subtropical regions, where heat and humidity foster
the growth of fungi, these diseases are especially troublesome. Mil-
lions of people are afflicted with superficial fungal diseases every
year, including dermatophytosis (ringworm), candidiasis, and pity-
riasis versicolor [17,18]. The quality of life is greatly impacted by
these disorders, which mostly affect the skin, hair, and nails and
are frequently characterized by symptoms like redness, itching,
scaling, and discolouration. Because they are so persistent, cuta-
neous infections frequently need ongoing care to avoid recurrence
[18,19].
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Figure 2: Disease of Antifungal.

Conversely, systemic fungal infections such invasive candidiasis
and cryptococcosis provide serious health dangers, particularly to
immunocompromised people like those receiving chemotherapy,
organ transplants, or HIV/AIDS. Treatment options have become
even more complex due to the increasing incidence of drug-resis-
tant fungus pathogens. Because of its location, which is frequently
made worse by moisture and friction, intertrigo, a fungal infection
of skin folds, is one of the most difficult superficial fungal infec-
tions to treat. Applying conventional antifungal therapies, such
as creams, in these locations might be challenging, resulting in
insufficient coverage and less than ideal outcomes. For such infec-
tions, the roll-on gel formulation of miconazole provides a focused,
practical approach that addresses patient comfort and therapeutic
efficacy by guaranteeing even application, quick absorption, and

enhanced adherence to treatment [19,20].

Types of fungal infections (mycoses) in detail

Miconazole roll-on gel is made especially to efficient-
ly treat localized and superficial fungal infections. It can be
used to treat the following kinds of fungal infections be-

cause of its targeted distribution and ease of application:

Tinea infections (Dermatophytosis)

Dermatophytes, a class of fungi that flourish in keratin-rich tis-
sues like skin, hair, and nails, are the source of tinea infections, of-
ten referred to as dermatophytosis. These infections are often cat-
egorized according to the location and appearance of the lesions,
and they can affect different regions of the body. Tinea Pedis (Ath-
lete’s Foot), Tinea Corporis (Ringworm), Tinea Cruris (Jock Itch),
Tinea Capitis (Scalp Ringworm), and Tinea Unguium (Onychomy-
cosis) are common types of tinea infections. Direct contact with an
infected individual or contaminated surfaces, such as floors, bed-
ding, shoes, and towels, can spread these extremely contagious ill-

nesses. Living in warm, humid conditions, not washing your hands
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frequently, wearing clothing that is too tight or doesn’t breathe, and
having a compromised immune system are all risk factors for get-

ting these illnesses. Individuals [21,22].

Itching, burning, redness, and the development of rings or
patches on the skin are the most typical signs of tinea infections.
For instance, Tinea Corporis frequently manifests as a ring-shaped,
scaly area with a clear core, whereas Tinea Pedis causes itching and
peeling between the toes. Tinea Capitis causes itchy, scaly areas on
the scalp, which frequently result in hair loss, while Tinea Cru-
ris causes redness and irritation in the groin area. Inflammation,
painful blisters, and sores can result from severe tinea infections.
Topical antifungal medications, such miconazole, which can be ap-
plied as creams, gels, or roll-on formulations, are commonly used
in treatment. Oral antifungal drugs may be used in certain extreme

circumstances. In addition to therapy, keeping appropriate [23,24].

Athlete’s

Ringworm

Foot -

‘ e

Jock Yeast

Itch Infections
e

Nail Scalp
Fungus Ringworm

Figure 3: Types of fungal infection in different body part.

Cutaneous mycoses

Fungal infections that affect the deeper layers of the epidermis,
hair, and nails are known as cutaneous mycoses. Dermatophytes
like Trichophyton, Microsporum, and Epidermophyton are the
main culprits behind these infections. Although the skin is fre-
quently the site of these infections, they can also spread to the scalp
and nails. Inflammation, scaling, and other obvious symptoms are
caused by dermatophytes, which feed on keratin, the protein found
in skin, hair, and nails. Tinea Pedis (athlete’s foot), Tinea Corpo-
ris (ringworm), and Onychomycosis (nail infection) are common
types of cutaneous mycoses. Peeling, redness, and severe itching,

particularly between the toes, are symptoms of tinea pedis. Round,
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ring-shaped red spots with elevated edges and a clear center are

the outcome of tinea corporis. In contrast [26].

Inflammatory, scaly lesions that can be uncomfortable and itchy
are typically the hallmark of cutaneous mycoses’ symptoms. In ad-
dition to pain, nail infections can cause thickening or brittleness
in the afflicted nails, which frequently results in the nail pulling
away from the nail bed. Topical antifungal medications such as
miconazole gel, which target the fungal infection directly on the
skin, are an effective treatment for mild cases of cutaneous myco-
ses. Oral antifungal drugs like terbinafine or itraconazole may be
recommended for more severe infections, such as Onychomycosis
or widespread fungal skin infections. To lower the chance of trans-
mission and recurrence, antifungal therapies should be used in
conjunction with proper hygiene, drying out the afflicted regions,

and refraining from exchanging personal belongings.

Dosage forms of antifungal treatments

Different dosage types of antifungal treatments are available,
each of which is customized to the patient’s preferences, the place
of the illness, and its severity. Topical preparations, which trans-
port the active antifungal agent directly to the affected site, are
the most often used dosage forms for treating cutaneous mycoses,
which include disorders like Tinea Pedis, Tinea Corporis, and Ony-
chomycosis. For mild to severe fungal infections, topical creams,
gels, ointments, sprays, and powders are frequently utilized. These
forms are perfect for localized infections since they are practical,
simple to use, and have little systemic absorption. An additional
convenience is offered by a roll-on gel antifungal treatment, like
miconazole roll-on gel, which offers a targeted, mess-free delivery
method. The gel is uniformly applied throughout the afflicted area

thanks to the roll-on application.

Oral antifungal medications are frequently used for more se-
vere or recalcitrant infections, especially those that affect the
nails or deeper layers of the epidermis. Infections that are difficult
to treat with topical therapies alone are frequently treated with
medications such as terbinafine, itraconazole, and fluconazole.
Oral drugs are absorbed systemically and function by preventing
the fungus from growing from inside the body, frequently pene-
trating deeper layers of the skin, hair, and nails. When the illness

has spread or is not responding to topical therapies, these types of
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treatment are usually utilized for onychomycosis or tinea capitis
(scalp infections). The degree of infection, patient characteristics
including age and comorbidities, and the pharmacokinetics and ef-
ficacy of the particular antifungal medication all influence the dose

form selection.

New antifungal drugs

A number of azole antifungal medications have been created to
treat cutaneous mycoses and other fungal infections; some of the
more popular and efficient ones include clotrimazole, miconazole,
and ketoconazole. By preventing the production of ergosterol, a
crucial part of the fungal cell membrane, these medications cause
structural and functional abnormalities in the cell, which ultimate-
ly results in the fungal cell’s demise. Tinea Pedis, Tinea Corporis,
Tinea Cruris, and Candidiasis are among the fungal infections that
can be treated with these medications, each of which has special

properties.

Clotrimazole

Topical preparations of the broad-spectrum antifungal drug
clotrimazole are frequently used to treat superficial fungal diseases
such as ringworm, jock itch, and athlete’s foot. Because of its mini-
mal systemic absorption, it is perfect for localized treatment and
comes in creams, lotions, and lozenges. Clotrimazole can be used to
treat a variety of fungal diseases since it works against both derma-
tophytes (like Trichophyton and Epidermophyton) and yeasts (like
Candida species). The medication’s broad use in clinical practice
is a result of its capacity to treat both skin and mucosal infections,

including vaginal and oral candidiasis.

Ketoconazole

Another strong azole antifungal, miconazole, is frequently found
in topical formulations such as roll-on gels, creams, gels, and pow-
ders. Athlete’s foot, ringworm, and jock itch are among the derma-
tophyte and yeast infections that it effectively treats. The benefit
of miconazole is its comparatively lengthy half-life, which permits
less frequent administration (once or twice daily), improving pa-
tient adherence. It is frequently utilized in over-the-counter medi-
cations for the treatment of superficial fungal infections and has
a high degree of safety. The antifungal qualities of miconazole are
also present in systemic preparations, especially for severe cases

of candidiasis.
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Patents
S.No Author Tittle Patent Number | Submission | Publication | Reference no.
1 Shao xiang Lu, ].effrey lu,Reversely thermos-rgv.ersmle Hydrogel US8865143B2 | 2012-03-21 | 2014-10-21 [31]
Letian Liu, Compositions
Crosslinked gel comprising polyalkyl-
p, | KennthE.Stockman, | “ ) i oo and their use as medical | CA2635374C | 2007-01-11 | 2015-12-08 132]
Mark W. Grinstaff, .
device
3. Markus G.ewe'rhr,Tat]ana Agricultural mllxtures comprising EP3057419B1 | 2014-10-16 | 2021-07-28 [33]
Sikuljak carboxamide compound
4 John Rlddel.l, Michael | Antifungal Topical compositions and EP3049056B2 | 2014-09-25 | 2022-06-21 34]
Davies methods of treatment
5. Charless G. VONTZ Antifungal Formulation US8362059B2 | 2011-08-19 | 2013-01-29 [35]
6. C.Steven MC Daniel Antifungal paints and coating US8497248B2 | 2011-04-19 | 2013-07-30 [36]
7. | Modassir CHODHRy | rumorinfilrating Lymphocytesand |, ;) 1734688582 2017-10-18 | 2021-10-21 137]
methods of therapy
8. Joseph Charles Sal- Delllvery ofb.lologlcally act.lve agent us-| EP29168020B1 | 2013-10-21 | 2023-10-11 [38]
amone, Xiaoyuchen, ing volatile hydrophobic solvent
9. John olin Trimble Antifungal treatment of nails US8333981B2 | 2008-10-06 | 2012-12-18 [39]
Shamik GHOSH, Sumana| Synergistic antifungal compositions ' AL
10. GHOSH and method thereof EP3468544A2 | 2017-06-13 | 2019-04-17 [40]

Table 1

Future prospects

Because of continuous improvements in drug delivery systems
and combination therapy, the future of antifungal medicines, such
as medications like clotrimazole, miconazole, and ketoconazole,
is quite promising. The penetration of these antifungals into dif-
ficult-to-reach places like the scalp and nails is anticipated to be
improved by new technologies like nanoencapsulation and micro-
sphere-based delivery, increasing their effectiveness and lowering
the frequency of treatments. Roll-on gels and creams are examples
of topical formulations that may gain popularity because they pro-
vide targeted therapy with less systemic side effects. Furthermore,
azole antifungals may improve treatment results when combined
with other therapeutic agents like steroids or anti-inflammatory
medications, particularly when treating infections that are resis-

tant or linked to severe inflammation.

The discovery of novel antifungal medicines will be essential
as fungus resistance becomes a greater concern. Treatments for
resistant fungal strains may become more effective with the devel-
opment of new types of antifungal medications and research into
novel molecular targets. Another intriguing approach is personal-
ized medicine, where biomarkers and genetic tests can be used
to customize antifungal therapy for specific individuals, guaran-

teeing more accurate and efficient care. The future of antifungal

treatments is anticipated to be reshaped by these developments,
in addition to ongoing research into combination therapy and so-
phisticated formulations, which will address present issues and

enhance patient care over time.

Clinical trial

Miconazole is a common antifungal drug that works well against
a variety of fungal infections, such as those brought on by molds,
yeasts, and dermatophytes. To compare the effectiveness, safety,
and patient compliance of a novel miconazole roll-on gel formu-
lation to conventional antifungal therapies, a clinical investigation
was carried out. To assess the tolerance of treatments for fungal

infections, antifungal therapy is crucial.

These studies frequently focus on invasive fungal diseases (such
invasive aspergillosis and candidemia) that impact immunocom-
promised people as well as superficial infections (like athlete’s

foot, ringworm, and candidiasis).

Miconazole is a popular antifungal drug that works well against
yeasts, dermatophytes, and some types of mold. To increase ap-
plication ease, patient compliance, and treatment effectiveness for
superficial fungal infections, a new roll-on gel formulation was cre-
ated [27-36].
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Conclusion

To sum up, the treatment of common fungal infections like
Tinea Pedis, Tinea Corporis, and Onychomycosis has greatly im-
proved with the development and application of antifungal medi-
cations like clotrimazole, miconazole, and ketoconazole. Because
of their efficacy and minimal chance of systemic side effects, these
agents—especially in their topical formulations remain essential
for treating superficial infections. The future of antifungal thera-
py, however, will rely on advancements in drug delivery methods,
combination treatments, and the development of new antifungal
drugs as fungus resistance increases. Antifungal medications will
continue to advance in response to new problems in clinical and
community settings thanks to the promise of personalized medi-

cine and targeted therapies in improving treatment outcomes.
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