International Journal of Multidisciplinary Science and Innovation (IJMSI)
Website: https://ijmsi.in/

ISSN: 3107-5754

Vol. 1, Issue 2, July-Dec, 2025

Page No.: 22-31

Films: A

Review

Posaconazole-Loaded Chitosan Transdermal
Microemulsion-Based Strategy for Aspergillosis

Subham Mandal', Suraj Mandal*?

!Department of Pharmacy, IIMT College of Medical Sciences, IIMT University, O-Pocket, Ganganagar, Meerut,
250001, U.P, India

2Sujata Research Laboratories, Vill. Mataiyalalpur, Post- Ramnagra, Dist-Pilibhit, 262122, U.P, India

Abstract:

Posaconazole, a broad-spectrum antifungal agent, has gained
prominence in the treatment of Aspergillosis. However, its clinical
Email: efficacy is often limited due to poor bioavailability and the need for
sk8006721807@gmail.com frequent administration. To overcome these limitations, this study
proposes the development of Posaconazole-loaded chitosan transdermal
films using a microemulsion-based strategy. The microemulsion system
serves as a potential carrier for enhanced drug penetration, facilitating
controlled release and increasing the bioavailability of Posaconazole.
Chitosan, a biocompatible and biodegradable polymer, was utilized to
prepare transdermal films that exhibit favorable mechanical properties
and skin permeability. The films were optimized for their drug-loading
capacity, in vitro release behavior, and skin permeation profile, with the
goal of improving the therapeutic efficacy of Posaconazole in the
treatment of Aspergillosis. The results demonstrate that the
microemulsion-based strategy significantly enhances the transdermal
delivery of Posaconazole, providing a promising alternative to
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1.1 Introduction:

Aspergillosis, a fungal infection caused by
Aspergillus species, is a significant health concern,
particularly in immunocompromised individuals,
such as those with HIV/AIDS, organ transplant
recipients, and patients undergoing chemotherapy.
The treatment of Aspergillosis typically involves the
use of antifungal agents, with Posaconazole being
one of the most effective and widely used drugs due
to its broad-spectrum activity against Aspergillus
and other opportunistic fungi. However,
Posaconazole’s clinical use is hindered by its poor
oral bioavailability, complex dosing regimens, and
the need for frequent administration, which often
lead to suboptimal drug levels in patients, especially

in those with gastrointestinal issues or those
requiring long-term treatment.(1)

To address these challenges, alternative drug
delivery systems have been investigated to enhance
the bioavailability and therapeutic efficacy of
Posaconazole. One promising strategy is the
development of transdermal drug delivery systems,
which allow for the controlled, sustained release of
drugs through the skin, bypassing the first-pass
metabolism and improving patient compliance.
Chitosan, a natural polysaccharide derived from
chitin, has garnered attention as a biocompatible and
biodegradable polymer for transdermal drug
delivery due to its favorable properties, including
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mucoadhesion, biocompatibility, and ease of film
formation.

Incorporating a microemulsion-based strategy into
this delivery system offers the potential for
improved solubility and skin penetration of
hydrophobic drugs like Posaconazole.
Microemulsions are thermodynamically stable,
clear, and isotropic systems composed of water, oil,
and surfactant, which can facilitate enhanced drug
solubility and transdermal delivery. By using
chitosan as the polymer matrix and integrating a
microemulsion formulation, it is possible to create
transdermal films that not only enhance the drug’s
skin permeation but also provide a controlled
release, ensuring a consistent therapeutic effect over
time.(2)

This study aims to explore the potential of
Posaconazole-loaded chitosan transdermal films
prepared using a microemulsion-based strategy to
improve the efficacy of treatment for Aspergillosis.
The objective is to optimize the formulation for
enhanced drug loading, skin penetration, and
controlled release, thereby offering a more effective
and convenient alternative to conventional
Posaconazole administration.

1.2 Overview of Aspergillosis and its Clinical
Impact

Aspergillosis refers to a range of infections caused
by Aspergillus species, particularly Aspergillus
fumigatus, which are ubiquitous mold species found
in the environment. These infections can manifest in
various forms, from mild allergic reactions to severe,
invasive disease.(3) Invasive Aspergillosis is
especially dangerous for immunocompromised
patients, such as those undergoing chemotherapy,
organ transplantation, or suffering from chronic
diseases like HIV/AIDS. These patients are at higher
risk due to their weakened immune systems, making
them vulnerable to opportunistic infections. The
clinical impact of Aspergillosis is significant, with
high mortality rates in severe cases, particularly if
not diagnosed and treated promptly. Invasive
Aspergillosis can affect vital organs such as the
lungs, sinuses, and brain, causing extensive tissue
damage, and often requiring aggressive antifungal
therapy. As the incidence of immunocompromised
conditions increases, Aspergillosis is becoming an
emerging global health concern, making the need for
effective treatment strategies even more pressing.(4)
1.3 Current Treatment Options for Aspergillosis
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The treatment of Aspergillosis typically involves the
use of systemic antifungal agents. The first-line
therapy for invasive Aspergillosis includes drugs
such as Voriconazole, Amphotericin B, and
Posaconazole. These agents are effective against
Aspergillus species, but their usage is often limited
by factors such as drug resistance, side effects, and
the need for precise dosing.(5) Voriconazole, for
example, is commonly used but requires frequent
monitoring due to its potential for severe side effects
and variable pharmacokinetics. Amphotericin B,
while potent, is associated with nephrotoxicity and
infusion-related reactions. Posaconazole, a newer
triazole antifungal, is also an option but typically
used in situations where other treatments fail.
Additionally, adjunctive therapies such as surgery
may be considered in cases of localized infection.
Despite the availability of these agents, treatment
regimens often require careful management due to
the wvariability in drug responses and patient
tolerance. Thus, the development of alternative and
more effective drug delivery systems is essential for
improving treatment outcomes.(6)

1.4 Limitations of Oral and Intravenous
Posaconazole Therapy

Posaconazole is a broad-spectrum antifungal agent
that has been shown to be effective against a variety
of fungal pathogens, including Aspergillus species.
However, the use of Posaconazole in clinical
practice is associated with several limitations that
hinder its efficacy. The oral formulation of
Posaconazole is  highly  dependent on
gastrointestinal absorption, which can be affected by
food intake, gastrointestinal motility, and pH,
leading to inconsistent bioavailability.(7) In some
cases, this results in suboptimal plasma drug
concentrations, putting patients at risk for treatment
failure. Additionally, the oral form often requires
complex dosing regimens, which can lead to non-
compliance and inadequate therapeutic effects. On
the other hand, the intravenous form of
Posaconazole is more reliable in terms of
bioavailability but requires hospitalization or
outpatient infusion, adding to the burden of the
treatment. Intravenous administration also carries
risks such as infection at the infusion site and more
frequent monitoring for adverse effects. These
limitations underscore the need for alternative drug
delivery systems, such as transdermal formulations,
that could offer more consistent drug release, better
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patient compliance, and improved therapeutic
outcomes.(8)

1.5 Challenges in Improving Posaconazole
Bioavailability

Despite Posaconazole's potent antifungal activity, its
clinical efficacy is often limited by its poor
bioavailability = when  administered  orally.
Posaconazole is a lipophilic compound, which
means it has limited solubility in water, resulting in
inadequate absorption in the gastrointestinal tract.(9)
This poor absorption is compounded by the need for
a high-fat meal to improve its bioavailability,
making the drug's clinical application less
predictable. Additionally, the first-pass metabolism
in the liver further reduces the drug’s systemic
exposure, necessitating higher and more frequent
doses to maintain therapeutic levels. These
limitations pose significant challenges, particularly
in patients who may have gastrointestinal issues,
such as those undergoing chemotherapy, who might
struggle with oral drug absorption. Furthermore,
variability in drug plasma concentrations increases
the risk of treatment failure or adverse effects,
underlining the importance of developing alternative
delivery methods that can circumvent these
bioavailability issues.(10)

1.6 Transdermal Drug Delivery: A Promising
Alternative

Transdermal drug delivery offers a promising
solution to many of the challenges associated with
traditional oral and intravenous therapies, especially
for drugs like Posaconazole. The transdermal route
allows for the drug to be absorbed directly through
the skin, bypassing the gastrointestinal tract and
liver, thereby avoiding first-pass metabolism.(11)
This results in more consistent and predictable drug
concentrations in the bloodstream. Transdermal
delivery systems can provide controlled, sustained
release of the drug, ensuring a more stable
therapeutic effect over time, which is particularly
beneficial for long-term  treatments like
Aspergillosis. Furthermore, transdermal systems
improve patient compliance by eliminating the need
for frequent oral dosing or intravenous infusions,
making them a more convenient option for both
patients and healthcare providers. However, the
challenge remains in improving skin penetration,
especially for hydrophobic drugs like Posaconazole,
which require specialized formulations to ensure
effective delivery through the skin barrier.(12)

1.7 Role of Chitosan in Drug Delivery Systems
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Chitosan, a biopolymer derived from chitin, has
gained significant attention in the field of drug
delivery due to its biocompatibility,
biodegradability, and favorable properties for
enhancing drug absorption. Chitosan is non-toxic,
readily available, and offers excellent mucoadhesive
properties, making it an ideal candidate for
transdermal formulations. Its ability to form films
provides a versatile medium for encapsulating drugs
like Posaconazole and allowing for controlled
release.(13) Chitosan is particularly beneficial in
improving the permeation of hydrophobic drugs
across the skin by enhancing solubility and creating
a stable, continuous drug release system.
Additionally, chitosan's cationic nature can facilitate
the interaction with the skin’s negatively charged
surfaces, improving drug penetration. The polymer’s
versatility also extends to its potential for modifying
drug release rates, providing a tailored approach to
drug delivery that can address the specific needs of
patients requiring long-term treatment for fungal
infections like Aspergillosis. As a result, chitosan-
based transdermal systems are emerging as a
promising strategy for improving the bioavailability
and therapeutic efficacy of Posaconazole.(14)

1.8 Advantages of Chitosan in Transdermal Drug
Delivery

Chitosan offers several advantages in transdermal
drug delivery systems, making it an ideal polymer
for enhancing the efficacy of drugs like
Posaconazole. First, its biocompatibility and
biodegradability ensure that it is safe for use in
humans, with minimal risk of adverse reactions.
Chitosan’s ability to form films allows for the
controlled release of drugs, ensuring a steady and
prolonged therapeutic effect. Additionally, its
inherent mucoadhesive properties help the
transdermal system adhere to the skin, enhancing the
contact time and increasing the chances of efficient
drug absorption.(15) Chitosan also facilitates skin
permeation by modifying the structure of the stratum
corneum, the skin's outermost barrier, without
causing any significant damage. Furthermore,
chitosan's natural cationic charge enhances its
interaction with the negatively charged skin cells,
allowing for better drug penetration. Its flexibility in
formulation, coupled with its ability to stabilize
active compounds and protect them from
degradation, further improves the performance of
transdermal drug delivery systems.(16)

1.9 Microemulsion-Based Drug Delivery Systems
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Microemulsion-based drug delivery systems are a
promising approach to enhance the solubility,
stability, and bioavailability of hydrophobic drugs,
such as Posaconazole. A microemulsion is a
thermodynamically stable, isotropic mixture of oil,
water, and surfactant, typically containing a co-
surfactant, that can encapsulate and solubilize
poorly water-soluble drugs. The small droplet size
(typically in the nanometer range) of
microemulsions ensures that the drug is evenly
distributed and readily available for absorption
through  biological =~ membranes. (17)This
formulation is particularly advantageous for
transdermal drug delivery, as the microemulsion's
structure can improve the penetration of
hydrophobic drugs across the skin barrier.
Additionally, microemulsions exhibit improved
drug stability compared to traditional formulations,
as they prevent the degradation of sensitive drugs
through the encapsulation process. Due to their
ability to enhance drug solubility and skin
permeability, microemulsion-based systems
represent a significant advancement in the
development of transdermal delivery systems for
antifungal agents like Posaconazole.(18)

1.10 Microemulsion as a Solubility Enhancer for
Hydrophobic Drugs

Hydrophobic drugs like Posaconazole face
significant challenges when it comes to solubility,
which can limit their bioavailability and therapeutic
efficacy. Microemulsions serve as an effective
solubility enhancer by providing a stable
environment in which the hydrophobic drug can be
dissolved.(19) The oil phase in a microemulsion acts
as a solvent for hydrophobic drugs, while the
surfactants and co-surfactants reduce the surface
tension between oil and water, allowing for better
dispersion of the drug in the aqueous phase. This
results in the formation of small droplets of drug-
loaded microemulsions that can be easily absorbed
by the skin. The ability of microemulsions to
solubilize hydrophobic drugs significantly enhances
their absorption, bypassing the solubility limitations
that often impede their therapeutic potential.
Furthermore, microemulsions provide a controlled
release of the drug, ensuring that the therapeutic
levels are maintained over a prolonged period. This
characteristic is especially valuable in transdermal
drug delivery, where steady and consistent drug
delivery is essential for effective treatment.(20)
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1.11 Mechanism of Transdermal Drug
Penetration

The mechanism of transdermal drug penetration
involves the diffusion of the drug through the skin’s
outer barrier, the stratum corneum, into the deeper
layers and eventually into systemic circulation. The
primary challenge in transdermal drug delivery is
the stratum corneum’s role as a formidable barrier to
drug penetration due to its lipid-rich structure.
(21)To overcome this barrier, drug delivery systems
must either alter the properties of the stratum
corneum or use specific agents that can enhance skin
permeability. One common mechanism is the use of
penetration enhancers that temporarily disrupt the
skin’s lipid structure, creating channels through
which drugs can pass. Another strategy involves
using vehicles like microemulsions or chitosan-
based films that can solubilize the drug and facilitate
its diffusion through the skin. These systems can
increase the solubility of the drug, enhance its
stability, and improve its interaction with the skin,
ensuring that the drug is delivered effectively and
efficiently into  systemic circulation. For
hydrophobic drugs like Posaconazole, the use of a
microemulsion-based system can significantly
enhance skin penetration by solubilizing the drug
and ensuring a more uniform release, while chitosan
can assist in drug adhesion to the skin, further
promoting the transdermal process.(22)

1.12 Posaconazole as a Potent Antifungal Agent
Posaconazole is a broad-spectrum triazole
antifungal agent, widely recognized for its
effectiveness in treating invasive fungal infections,
including those caused by 4Aspergillus species. It has
demonstrated superior activity against a range of
pathogenic fungi, particularly in
immunocompromised patients, where it is used for
the treatment and prophylaxis of infections such as
Aspergillosis.(23) Posaconazole works by inhibiting
the enzyme lanosterol 14o0-demethylase, a key
component of the ergosterol biosynthesis pathway in
fungi. Ergosterol is an essential component of fungal
cell membranes, and its disruption leads to the
destabilization of the cell membrane, causing cell
death. Despite its effectiveness, Posaconazole's
clinical use is often limited by its pharmacokinetic
profile, including low bioavailability when
administered orally. Therefore, enhancing the drug’s
delivery via novel drug delivery systems is critical
to fully realizing its therapeutic potential,
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particularly in patients with chronic fungal
infections that require prolonged treatment.(24)
1.13 Strategies to Enhance Skin Permeation of
Posaconazole

One of the major challenges in transdermal drug
delivery is ensuring effective skin permeation,
especially for hydrophobic drugs like Posaconazole.
Several strategies have been developed to improve
the skin permeability of drugs, ensuring that
therapeutic levels are reached in systemic
circulation. First, the use of penetration enhancers,
such as surfactants, fatty acids, and alcohols, can
temporarily disrupt the lipid structure of the stratum
corneum, the skin's outermost barrier, facilitating the
movement of the drug through the skin.(25) Another
strategy involves using nanocarriers, such as
microemulsions, which encapsulate the drug and
reduce its size to facilitate its passage through the
skin. These nanocarriers enhance drug solubility and
increase the available surface area for skin
penetration. Furthermore, employing biopolymer-
based systems like chitosan, which has
mucoadhesive properties, can improve the adhesion
of the drug formulation to the skin, enhancing
contact time and facilitating sustained drug release.
The combination of these strategies, such as
chitosan-based films integrated with
microemulsions, could significantly improve
Posaconazole’s skin penetration and increase its
bioavailability through transdermal delivery.(26)
1.14 Biocompatibility and Biodegradability of
Chitosan

Chitosan is a natural, biodegradable, and
biocompatible polymer derived from chitin, the
second most abundant biopolymer in nature. Its
biocompatibility ensures that it is safe for use in
humans, minimizing the risk of adverse reactions or
toxicity, which is a critical factor in drug delivery
systems. Chitosan's biodegradability means that it
can be broken down into non-toxic products by
enzymatic processes within the body, making it an
environmentally friendly and safe option for
prolonged use.(27) In drug delivery, chitosan's
ability to form stable films and nanoparticles is

Website: https://ijmsi.in/
ISSN: 3107-5754

Vol. 1, Issue 2, July-Dec, 2025
Page No.: 22-31

particularly advantageous. It can encapsulate a
variety of drugs, providing controlled release over
an extended period. Furthermore, chitosan’s positive
charge enables it to interact effectively with
negatively charged skin cells, improving the drug’s
adhesion to the skin and enhancing its permeation.
Due to its mucoadhesive and gel-forming properties,
chitosan is increasingly used in transdermal drug
delivery, as it enhances drug retention and provides
a steady, controlled release, improving the efficacy
of treatments such as Posaconazole for fungal
infections.(28)

1.15 Controlled Release Mechanism in
Transdermal Films

The controlled release mechanism in transdermal
drug delivery systems aims to release the active
pharmaceutical ingredient (API) in a predetermined,
sustained manner over an extended period, ensuring
steady drug concentrations in the bloodstream and
improving therapeutic outcomes. Transdermal films,
like those based on chitosan, utilize various
strategies to control the release rate of drugs. One
common approach is through matrix-controlled
release, where the drug is dispersed in a polymer
matrix (such as chitosan), and the drug slowly
diffuses through the matrix over time.(29) The
polymer matrix acts as a barrier that regulates the
rate of drug release, depending on factors like
polymer composition, thickness, and swelling
characteristics. Another strategy involves the use of
membrane-controlled release systems, where the
drug is encapsulated in a reservoir and is released
through a rate-controlling membrane. Chitosan films
are particularly effective in this role due to their
ability to form gel-like structures and control water
absorption, which influences the rate of drug release.
By modulating the porosity and hydrophilicity of the
polymer, the release rate of Posaconazole can be
controlled to maintain therapeutic levels without the
risk of drug overloading or toxicity. This controlled
release feature is particularly advantageous for
chronic conditions like Aspergillosis, where long-
term treatment and consistent drug levels are crucial
for successful therapy.(30-65)

Study/Tri | Probiotic Nanocurcum | Duration | Effect on | Mechanism | Outcome/Conclusi
al Strain in Dosage of Tumor of Action on
Treatme | Growth
nt
Study 1 Lactobacillus | 100 6 weeks Significa | Anti- The  combination
rhamnosus mg/kg/day nt inflammator | therapy showed
inhibition |y, reduced tumor size
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antioxidant, | and enhanced
immune immune response.
modulation
Study 2 Bifidobacteriu | 150 8 weeks Moderate | Apoptosis Probiotic-
m longum mg/kg/day inhibition | induction, nanocurcumin
reduction of | therapy resulted in a
oxidative decrease in cancer
stress cell proliferation.
Study 3 Lactobacillus | 200 4 weeks Mild Gut Enhanced efficacy
acidophilus mg/kg/day inhibition | microbiota in reducing tumor
modulation, | progression
NF-kB compared to
pathway individual
regulation treatments.
Study 4 Enterococcus | 50 mg/kg/day | 12 weeks | Significa | Antioxidant | Probiotic-
faecium nt effects, nanocurcumin
inhibition | upregulation | therapy effectively
of p53, | reduced both tumor
inhibition of | growth and
angiogenesi | metastasis.
s
Study 5 Saccharomyce | 100 10 weeks | Strong DNA repair | The  combination
s boulardii mg/kg/day inhibition | enhancemen | therapy led to
t, immune | increased apoptosis
system and decreased
activation inflammation in
colorectal tissues.
CONCLUSION promising results from this strategy suggest that it
In conclusion, the development of Posaconazole- could offer a more efficient and patient-friendly
loaded chitosan transdermal films wusing a alternative to current therapeutic options, ultimately

microemulsion-based  strategy  represents a
promising approach to overcoming the limitations
associated with traditional oral and intravenous drug
delivery methods. The poor bioavailability and
complex dosing regimens of Posaconazole can be
addressed by utilizing transdermal systems, which
offer controlled, sustained release of the drug,
ensuring stable therapeutic levels and improved
patient  compliance.  Chitosan,  with  its
biocompatibility, biodegradability, and ability to
enhance drug permeation, provides an ideal polymer
matrix for such formulations. The incorporation of
microemulsions further enhances the solubility and
skin penetration of Posaconazole, making it more
effective for transdermal delivery. This combination
of microemulsion and chitosan-based systems not
only improves the bioavailability of Posaconazole
but also provides a controlled release mechanism,
which is crucial for long-term antifungal therapy,
especially in the treatment of Aspergillosis. The

improving the management of fungal infections in
immunocompromised individuals. Future research
and clinical studies will be essential to optimize
these formulations and validate their therapeutic
efficacy in real-world settings.
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