JYoung Pharm, 2020; 12(3) : 193-196.

A multifaceted peer reviewed journal in the field of Pharmacy

vw.jyoungpharm.org phcog.net

Review Article

Recent Advances in Delivery of Antifungal Agents - A Review

Sasikala Chinnappan*, Chia Le Yi, Chow Jie Chen, Tan Wei Hsia, Yap Hui Qi

Faculty of Pharmaceutical Sciences, UCSI University, Kuala Lumpur, MALAYSIA.

ABSTRACT

Drug delivery systems demonstrate how the pharmaceutical product is
administered to the target site to provide therapeutic action. Nowadays,
there are a growing number of fungi causing diseases worldwide. These
infections can be grouped into four, which are superficial mycosis,
cutaneous mycosis, subcutaneous mycosis and systemic mycosis.
Researchers believe that solely dependent on presently available antifungal
compounds would not be sufficient to treat these mycoses. Introduction
of a whole new antifungal drug acting to the target sites must undergo
a long process of discovery, various clinical testing and trials on animals
and human, development and regulatory approval then finally brought to
the market. It is tedious, big-budget and has a high probability of failure.
Hence, concurrently, modifications of the existing drug delivery system
have never left out and are being pursued innovatively. Applying the
knowledge in pharmacodynamics and pharmacokinetic principles, novel
advances in antifungal drug delivery systems have been developed and
managed to conquer the issues of solubility, stability, bioavailability, safety
and effectiveness present in conventional formulations and methods

INTRODUCTION

Basically, there are about 300 out of 250,000 fungi species in world are
implicated as potential or true pathogens that would cause superficial
even life threatening infections in humans.! However, most of the
fungal infection are due to opportunistic pathogens such as Aspergillus,
Candida and Cryptococcus spp. In other words, immunocompromised
patients are more vulnerable to fungal infections as compared to healthy
individuals, in which their immune system may be suppressed by drugs
or weakened due to their medical conditions. For example, HIV/ AIDS,
tuberculosis, cancer, diabetes mellitus, organ transplantation, trauma
and even prolonged use of corticosteroid or antibiotics.!

Fungal infections lead to significant rates of mortality and morbidity.
Drugs effective against fungal infections are available, but the challenges
encountered are the evolution of drug resistance and high incidence
of side effects, particularly toxicity caused by the antifungal agents.
As there is only limited antifungal agents available, therefore the
possible side effects caused by the antifungal agents will limit the dose
and dosing frequency, therefore, resulting in lower efficacy and even
therapeutic failure.? For example, Amphotericin B which is choice of
drug for the systemic mycoses, however it can induce moderate to severe
nephrotoxicity which limits the use of this drug. Some antifungal agents
which are delivered topically via formulations such as gel or cream may
also cause irritation, swelling and redness on the site of application.

To address these problems, various approaches are developed to improve
the therapeutic outcome. This paper will review the recent development
in the delivery of antifungal agents to improve the treatment outcome
and quality of patient’s life. Novel drug delivery systems actually are
designed to ensure the drug is delivered to the specific desired site at an
extent and rate as directed by the needs of the patient and it can direct

of administration. Vesicular system, nano-particulate based system,
colloidal carriers and the miscellaneous drug delivery system are the four
major groups of advances in delivering antifungal drugs. The established
therapeutic agents for antifungal therapy such as Amphotericin B and azole
types can be formulated into different carriers and delivery systems that
specifically target the infected area and the illness level of the patient.
Novel antifungal drug delivery systems have opened a new dimension in
minimising the adverse effects of drugs.
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an active pharmaceutical ingredient to the specific site of action during
the course of therapy.® Recent advances in the drug delivery systems
are significantly important by its improving patient acceptability and
therapeutic efficacy which is achieved by alleviation of possible side
effects and decreasing in dose required. In 1990s, the appearance of
liposomal preparation of amphotericin B which marked the start of the
use of nanostructured lipid system for antifungal therapy. Up to date,
there are different advances in antifungal drug delivery system which
including vesicular system, nano-particulate based system, colloidal
carriers and the miscellaneous drug delivery systems such as buccal
mucoadhesive tablets. All these antifungal drug delivery systems have
its own advantages and disadvantages and this will be further discussed
in this review.

VESICULAR DRUG DELIVERY SYSTEMS

Vesicles can be defined as colloidal particles in which a concentric
bilayer is formed by the amphiphilic building blocks surrounding an
aqueous compartment. Vesicle can be used to deliver both hydrophilic
and lipophilic drugs by encapsulation in the aqueous compartment or
incorporated in the hydrophobic bilayer.® Therefore, encapsulated drug
is released via fusion of bilayer with the target cell membrane. Apart
from that, the Vesicular Drug Delivery Systems (VDDS) are able to
reduce the risk of drug toxicity as it plays a vital role in delivery of drugs
to the targeted site such as specific organs or tissue for action thereby
lowering its concentration on other sites of the body. Various advances
have been made in VDDS such as designed to be degraded slowly to
achieve sustained release of drugs and also to delay the elimination
of rapid metabolized drugs. In addition, entrapment of drug in the
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vesicles is believed to lengthen the lifetime of drugs present in systemic
circulation.

NANO-PARTICULATE BASED DRUG DELIVERY
SYSTEM

Nanoparticles are the particles with size within 10 to 1000 nanometre
which used recently in the industry of pharmaceutical science due to
there are many challenges in drug delivering of large sized materials.
As in invasive mycoses treatment, nano structure is used to carry the
antifungal drug to reduce its side effects and target their action. The
nanostructure used in the delivery of antifungal drugs are liposome, solid
nanoparticles and polymeric nanoparticles. In antifungal treatment,
lipid formulations such as Amphotericin B or nystatin are used to reduce
the toxicity.

Liposomes are a small artificial vesicle with spherical shape which
consist of unilamellar or multilamellar layers.” Because of liposomes
have both lipophilic and hydrophilic characters, these increase the
solubility of lipophilic drugs in aqueous body fluids and the hydrophilic
drug penetration through phospholipid membranes. Liposomes are
biodegradable, biocompatible and have a higher protection against
enzymes compared with other lipid formulations.®

Solid lipid nanoparticles (SLNs) are a colloidal drug carrier which
consist of surfactant-stabilized lipids that are solid at both room and
body temperature. SLNs usually used in oral, parenteral and transdermal
administration due to their good protection of active ingredients from
degradation, good tolerability, controlled release and targeting of the
specific site.” The controlled release property makes SLNs a popular
treatment of topical skin infections because of its prolonged release effect
and high skin permeation. The lipophilic antifungal drug is entrapped
within the solid lipidic core of SLNs. The drug released is fast and
desirable by following the FicK’s law of diffusion.

Polymeric nanoparticles are solid colloidal particles with size range
10 nm to 1 micrometer and can be classified into two according to
their preparation method, which is nanosphere and nano capsule. A
nanosphere is a matrix type structure in which the drug is uniformly
distributed whereas a nano capsule has a membrane wall structure
with an oil core containing the drug. Polymers used can be natural or
synthetic in order to carry the drug to the target site.

COLLOIDAL CARRIERS

Microspheres are the active pharmaceutical ingredients homogeneously
dispersed in the matrix system, whereas microcapsules are the drug
reservoir and heterogeneousin nature.” Microparticulates usually
encoded by polymer excipients to protect drugs from degradation before
reaching target tissues. The mechanism of drug released that made by
biodegradable polymers varies from diffusion, dissolution, osmotically
driven to erosion depends on the formulation and drug properties. Drug
released is due to the contact of polymer coating drugs with biological
fluid either by forming pores or the degradation of polymers. When
drugs reached its specific target sites, fluids diffuse into or dissolve the
polymers result in drug released. Erosion can be classified to surface
or bulk erosion where the pH or enzyme causes hydrolysis reaction of
the polymer coating leading to drug released. To facilitate the efficacy
and therapeutic effect of antifungal drugs, certain methods are used to
formulate and design the drugs. Econazole nitrate used in the treatment of
vaginal candidiasis prepared in mucoadhesive microsphere formulation
by spray-congealing method to sustain release and increase the duration
of action." Poloxamers are the polymer that coated the econazole drug
which increase the solubility and adhesion of econazole with mucous
membrane. The drugs diffuse out slowly in the acidic pH of vagina.'?
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Microemulsions are thermodynamically stable and can be categorized
as water in oil, oil in water or bicontinuous emulsion depends on the
composition of oil phase, water phase, solvent and cosolvent.”” For
instances, ketoconazole lower the surface tension of skin that enable
better penetration into fungal cell wall. As a result, ergosterol synthesis
is inhibited. Microemulsions are more stable and enhance better
penetration and absorption than the older ways of drug delivery.

MISCELLANEOUS DRUG DELIVERY SYSTEM

Transungual drug delivery is a transport system of topical drug therapy
mainly across the nail. Nail lacquers, formerly a cosmetic, has been
transformed into another new approach. Drugs such as Miconazole,
Ketoconazole and Ciclopirox are incorporated and marketed as
medicated nail lacquer preparations. The principle works like a drug
depot. The film formed on the nail plate after evaporation of solvent
gives hydration and allows optimum drug release across the nail. In the
onychomycosis treatment, it has the benefits of localised action, raised
adherence and reduced systemic side effects. It also gives prolonged effect
as single application lasts for seven days. In addition, the preparation
is comparatively simple and not costly. However, it does have the issue
of viscosity modification and limited drug permeability which might
not reach the desired therapeutic effect. There are approaches in nail
penetration that categorised into chemical, physical and mechanical
methods. Chemical methods involve mercaptans, enzymes, organic
solvents and keratolytic agents. Physical methods are etching,
microneedles, carbon dioxide laser, electro pulsation and iontophoresis.
Nail avulsion and abrasion treat nail disorder mechanically.

On the other hand, buccal mucoadhesive drug delivery system acts as a
medium for the formulations to have close contact with the adsorptive
mucosal surface of the oral cavity for the oral candidiasis treatment.
Mucoadhesive buccal films (matrix type and reservoir type) and adhesive
tablets are the dosage forms. The therapeutic agents administered
includes fluconazole and nystatin. For best absorption, the partition
coefficient ranges from 40 to 20000 and pKa from 2 to 10. The thin
membrane rich with blood capillary network facilitates the absorption
through passive diffusion into the blood circulation. It bypasses the first-
pass hepatic metabolism, preventing the premature drug inactivation.
High molecular weight polymers with hydrophilic groups providing
hydrogen bonding give an additional benefit in bioadhesion. It helps in
adherence and to withstand salivation."

Mucoadhesive dosage forms are easy to administer and stop the
treatment. Localised target in oral cavity enables dose reduction.
However, drugs with appalling odour and taste, or require large doses
of administration (more than 25 mg) are not suitable. Salivation and
swallowing problems are the limitations.

DISCUSSION

In the Vesicular Drug Delivery System (VDDS), although liposomes
and niosomes shown a number of advantages in delivery of antifungal
agents, some disadvantages present also restrict their use in the medical
field and different formulations are given in Table 1. The most common
concern regarding liposome vesicles is that high possibilities are subject
to hydrolysis or oxidative degradation of the phospholipid bilayer by
external triggers such as temperature or pH which contribute to both
physical and chemical instability and consequently causes drug leakage.
Besides, following systemic administration of liposomal vesicles, it
will be uptake mostly by liver which exhibits largest capacity among
other reticuloendothelial system (RES) organs followed by spleen for
liposomal uptake. The vesicles are recognized as foreign particles in the
body and undergo clearance by the macrophages and phagocytic cells.
However, research studies reveal that “conjugation of PEG polymers
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with liposomal membrane may improve circulation times and prevent
removal by the RES through steric stabilization” Lastly, there is also a
common problem with large scale production of liposomes due to its
complicated preparation steps which is recommended to prepare in
laboratory level.'>'¢

Next, nanoparticles overcome a lot of problems in delivery of antifungal
drugs in traditional methods such as reduced drug stability, poor drug
pharmacokinetic, limited penetration through the tissues, poor aqueous
solubility, reduced drug efficacy and side effects. As mentioned above,
liposomes is the first nanoparticle introduced which is phospholipid-
based at the beginning. However, due to its poor penetration through
the stratum corneum, deformable liposomes are then introduced.!” For
polymeric nanoparticles, their sustained released property enhanced
the drug efficacy and reduced the drug toxicity. However, the polymer
can be internalized by the macrophages and cause cytotoxic effects
when degradation occurs. Solid lipid nanoparticles are then introduced
as an alternative to polymeric particles. However, its disadvantages are
low drug loading capacity and drug expulsion during storage. So, then
a nanostructured lipid carrier (NLCs) is introduced. The specific lipid
and oil proportions make it have better drug loading, drug released
and stability."® Amphotericin-B loaded nanofibers and liposomes are
developed and even certain plant extracts are using as an antifungal
drug which is safer to use the future trends used for the study are
Echinocandins, the latest class of drug used for the antifungal and drug
act as a fungicidal that has low drug-drug interaction which makes
first-line treatment for invasive candidiasis particularly.”

Microparticulate encoded drugs in polymer coating have protected drug
from degradation before reaching target tissues and hence increases
the bioavailability of drugs. Microemulsions with the composition of
aqueous and oil phases enhanced the drug delivered through topical and
transdermal route. Microemulsions enhance the penetration of skin,
perform sustained release and are more stable in extreme temperature.?
As compared to conventional drug delivery such as cream, the onset of
action is much slower than the microemulsion. With the development
of colloidal carriers, the fungal infection can be resolved in short time
manner and reduce the complications.

Table 1: Liposomes and Niosomes as VDDS.

Vesicular Formulation Drug Activity
Liposomes
Soya lecithin, cholesterol Ketoconazole Sustained release upto
tocopheryl acetate 24 hr.
Increase in-vitro drug
deposition on skin.
Hydrogenated soy Amphotericin Deliver drug at the target
phosphatidycholine B infection site.
cholesterol,
distearoylphosphatidyl
glycerol
Niosomes
Span 60, stearic acid, Nystatin Sustained-release system
cholesterol through skin and enhanced
bioavailability with less
irritation.
Span 60, ethanol, Itraconazole Increase in inhibition zone

cholesterol diameter against Candida

albicans.
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In the management of onychomycosis, a study on transungual delivery
for established antifungal proved that miconazole-loading medicated
nail lacquer succeeded to give extended drug release for treatment. The
statement explaining medicated nail lacquer has the advantage of being
not easily removed and better absorption as compared to conventional
formulations can be evidenced by an investigation finding by Hafeez
et al. on comparison of ketoconazole in the formulations of lacquer
and cream. For efficacy and safety, an ex-vivo penetration study was
conducted using nail lacquers, solution, hydrogel and colloidal carriers of
antifungal drugs on nails. The results showed colloidal carriers have the
best penetration rate, followed by nail lacquers. The hydrogel was least
diffusible and revealed the most lag time. Systemic therapy employed
together with topical therapy suggests a better treatment outcome.”

Mucoadhesive dosage forms have the property of longer residence
time by holding in between gums and cheeks instead of swallowing as
compared to conventional oral solution and chewable tablets. Within
buccal cavity, buccal delivery is more likely for retentive, systemic
transmucosal delivery whereas sublingual delivery for rapid drug
release.”? Mucoadhesive drug delivery systems are suitable for drugs
that have a localized effect, undergo extensive pre-systemic metabolism,
narrow absorption window and narrow therapeutic index. Mucoadhesive
drug delivery systems with customizable release profiles have recently
gained considerable interest among formulation scientists to improve
clinical outcomes of drugs.”® Mucoadhesive liposomal gel sertaconazole
nitrate-loaded cationic liposomes showed a significant reduction in the
microbial count with a subsequent reduction in inflammatory responses
with the lowest histopathological change compared with conventional
gel.

CONCLUSION

In conclusion, fungal infections are an issue that happens in the
whole world and it can be a life-threatening disease for the immune
compromised patient. Since our medical system over-reliance on
antibiotics to fight the fungal infections for a long time, a lot of other
drugs lost their effectiveness in treating fungal infection. Therefore,
novel drug delivery systems such as vesicular drug delivery systems,
nano-particulate based drug delivery systems, colloidal carriers and
miscellaneous delivery systems are introduced. These systems mainly
help in reducing the toxicity and increase the efficacy of antifungal drugs
and thus increase the therapeutic effect in antifungal drug treatment.
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