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ABSTRACT

Topical fungal infections are very predominant around the globe.
Topical therapy is the primary choice for treating fungal infections
because it has advantages such as lowering the risk of systemic
adverse effects and directing the drug to the location of fungal
infection. The treatment of a fungal infection is dependent on drug
molecules penetrating the outermost layer of skin (stratum corneum)
at an effective concentration. Nanostructured lipid carriers (NLC) is
an alternate carrier system to address difficulties in topical therapies
for superficial fungal infections. This review summarizes different
about fungal infections, Structure & types of NLC, formulation &
characterization, advantages & its application in treating fungal
infection.
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INTRODUCTION

Fungal infections are extremely common in
the current situation. Every year, billions of
people are diagnosed with either superficial or
severe systemic fungal infections. Although
antifungal medicines are successful in treating
fungal infections, they are associated with
serious side effects such as liver damage,
oestrogen disruption, and allergic reactions. In
the early 1840s, David Grubby, a Hungarian
microscopist stationed in Paris, revealed that
fungi may cause human sickness. During the
2003 SARS outbreak, 14.8-33% of people
were infected, with SARS being the cause of
death in 25-73.7% of cases. Fungi are found
everywhere, but only a subset of them cause
disease (Ravikant et al., 2015).

Fungal infections arise when fungus are
inhaled, come into touch with the skin, or
enter the body through a cut, wound, or
injection on the skin. It is more common in

persons who have a weakened immune
system. This includes persons suffering from
illnesses such as HIV/AIDS and those
undergoing cancer therapy. Yeasts and
moulds are examples of fungi that cause
infections in humans. Candida is a form of
fungal infection. Candida generally lives
within the body and does not cause any
difficulties. Candida overproduction can result
in infection. Signs and  symptoms,
microscopy, and cultures are commonly used
in prevention. Treatment is usually with
antifungal medications, depending on the type
of infection. Fungal infections are widespread
throughout the world, impacting over one
billion individuals each year (Richardson,
2005; Lai et al., 2008).

In 2020, an estimated 1.7 million fatalities
from fungal illness were reported.Other
animals can get a variety of fungal illnesses,
and some of these can be passed on to
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humans. Mycoses are classified as superficial,
subcutaneous, or systemic, depending on
whether the infection is deep, widespread, or
involves internal organs. They can have an
impact on the nails, genitalia, skin, and
mouth. Some, such as blast mycosis,
Cryptococcus,  coccidioidomycosis,  and
histoplasmosis, affect people who live or
travel to specific parts of the world. Other
diseases that affect patients with low
immunity include aspergillosis, pneumocystis
pneumonia, candidiasis, mucormycosis, and
talaromycosis. Yeasts, moulds, and some
fungi that can exist as both a mould and a
yeast cause fungal infections. They are
inhaled, come into touch with skin, or enter
the body through a cut, wound, or injections.
Candida albicans is the most prevalent cause
of human fungal infection. Fungal infections
are more common in those who have a
weakened immune system, have had an organ
transplant, have tuberculosis, are undergoing
cancer therapy, or have had a corona. People
with diabetes and HIV/AIDS are more likely
to get fungal infections (Pathakumari et al.,
2020; Vallabhaneni et al., 2016).

Commonly occurring fungal infections
Pneumocystis pneumonia

The fungus Pneumocystis jirovecii causes
Pneumocystis pneumonia (PCP). The fungus
spreads from person to person through the air.
In healthy people, PCP is exceedingly rare,
but the fungus that causes the disease can live
in their lungs without creating symptoms
(Morris et al., 2004).

Yeast Infections

Skin yeast infections are known as cutaneous
candidiasis. When a fungus called candida
overgrows, it causes various infections. Yeast
infections are not spreadable. Most infections
occur in warm, wet, wrinkled areas of your
body, such as your armpits and groyne. They
frequently occur in obese or diabetic
individuals. Antibiotic users are also more
vulnerable (Hay, 1996).

Ringworm

Ringworm, commonly known as tinea
corporis, is a fungal skin infection rather than
a worm. It gets its name from the ring-shaped
rash that has a looping, worm-like edge.
Ringworm can be transmitted by direct
contact with sick humans or animals. It can
also be obtained via clothing or furniture.
Heat and humidity can aid in the spread of the
virus. Ringworm is characterised by a red,
circular, flat sore that may be accompanied by
scaly skin. The skin on the outside of the sore
may be elevated, while the skin in the centre
appears normal. Patches or red rings may
intersect (Fuller et al., 2003).

Athlete's Foot

Athlete's foot, commonly known as tinea
pedis, is a fungal condition that affects your
feet. Fungi thrive in warm, damp
environments, such as shoes, socks,
swimming pools, locker rooms, and public
showers. They are more common during the
summer and in hot, humid settings. It occurs
more frequently in those who wear tight
shoes, do not change their sweaty socks, and
frequent public baths and pools (Crawford,
2006).
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Dermatophytosis

Dermatophyte fungi are Kkeratin-digesting
organisms.  Dermatophytes infect the
epidermis’ stratum corneum and Keratinized
tissues generated from it, such as hair and
nails. Trichophyton spp., Microsporum spp.,
and Epidermophyton spp. cause the majority
of superficial fungal infections, while some
yeast and non-dermatophyte moulds can also
cause them (Robert and Pihet, 2008).

Malassezia infection

Malassezia spp. are ubiquitous surface
commensals of oily skin and have been linked
to pityriasis versicolor, seborrheic dermatitis,
and folliculitis (Velegraki et al., 2015).

Topical treatment of fungal infections

The stratum corneum is the best test for
dermal delivery, and innovative ways have
been developed to increase its permeability.
Microemulsions,  vesicular  transporters
containing  ethosomes, liposomes, and
niosomes are examples of colloidal drug
carriers. Among the new carrier dermal
administration of antifungals through dermal
targeting are lipid and polymeric particulate
carrier systems. There have been a few
improvements in the treatment of fungal
infections, such as focusing on the site of
disease, lowering the risk of adverse
responses, increasing treatment viability, and
improving patient compliance. A variety of
topical antifungal agents have been utilised in
the treatment of dermatological skin
infections. Polyenes, azoles, and allyl
amine/benzylamines are the most common
types of topical antifungals. Cicloprox is a
topically applied antifungal agent. These
medications are currently commercially
available in traditional dose forms such as

creams, gels, salves, and showers (Kyle and
Dahl, 2004).

Nanotechnology in  fungal  disease
treatment

Nanotechnology is a multidisciplinary idea
that originated in the early 1920s and has
numerous uses. It is defined as the use of
matter having at least one component in the
nanoscale, typically spanning from 1 to 1000
nm, for health products. Nanomaterials have
demonstrated remarkable applications in the
pharmaceutical ~ field,  particularly in
diagnostic devices and drug delivery systems,
leading to the development of a hybrid
science known as pharmaceutical
nanotechnology, which has gained popularity
due to its ability to improve the
pharmacological and  biopharmaceutical
properties  of  drugs.  Pharmaceutical
nanotechnology currently represents a whole
new world of therapeutic resources for
repurposing the use of medicines, allowing
the clinical use of a large number of drugs that
could not previously be used properly with
conventional formulations or dosage forms,
owing to poor  bioavailability  and
physicalchemical instability. Many
publications highlight the potential of lipid
nanosystems and their ability to overcome
drug resistance, decrease systemic toxicity,
and target the site of infection and/or the
microorganism (Higa et al., 2013).

Nanosttructured lipid carrier

Lipid-based (Drug Delivery System) DDS is a
well-known, well-established, and
commercially viable method of producing
pharmaceuticals in a variety of dosage forms.
Lipid formulations, such as (Nano Lipid
Carriers) NLCs, necessitate the incorporation

International Journal of Pharmaceutics & Drug Research; 2023; 11, 242-255



Ganju et. al / A review: Nanostructured Lipid Carrier For Treating Fungal Disease

of a wide range of components. The
bioavailability and solubility of insoluble
medicines are two major factors that can be
improved with formulations such as NLCs.
Many pharmaceutical companies have
developed well-established industrial
processes for the production of large-scale
batches of nanostructured lipid carriers, but all
major parameters such as lipid choice,
surfactants, other essential excipients, and
methods of preparation vary, resulting in
changes in parameters such as particle shape
and size, phase transition, solubility, drug
bioavailability, and so on. Lipid nanoparticles
have extraordinary features that are required
and extremely important for their therapeutic
activity. The unique qualities of nanoparticles
(NP) such as surface to mass ratio include
extra colloidal particles and their ability to
attach and convey chemicals, making an NP
more intelligent to employ as a therapeutic
product (Haider et al., 2020; Beloqui et al.,
2016).

Components of NLC
Surfactants

Surfactant type and concentration have an
impact on the quality and efficacy of NLC. It
has been discovered that the surfactant used
has a significant impact on the toxicity,
physical stability, and crystallinity of NLC.
Surfactant systems influence the degree of
drug dissolution and drug permeability.
Surfactants are chosen based on their route of
administration, hydrophilic-lipophilic balance
(HLB) value, particle size influence, and lipid
modification. Because of their amphipathic
nature, surface active agents (emulsifiers) are
adsorbed on the interface and lower the
tension between the lipid and aqueous

phases. The crystallisation of colloid particles
occurs concurrently with solidification during
the formulation of NLC, however the surface
area of the particle increases dramatically
during crystallisation, causing the entire
system to become unstable. As a result,
surfactant is required to increase the interface
quality of nanoparticles in order to achieve
stability (Karn-Orachai, 2014; Han et al.,
2008).

Lipids

The selection of appropriate lipids is critical
prior to their use in the manufacture of
nanoparticulate carriers. The kind and
structure of lipid influences the properties of
nanocarriers. Solubility or the apparent
partition coefficient of bioactives in the lipid
has been proposed as the most fitting
parameter for selecting a suitable lipid. The
drug molecules' solubility in lipid is crucial
because it impacts drug loading and
encapsulation  efficiency.The degree of
crystallisation of the wvarious lipids used
affects drug entrapment and loading, size and
charge, and efficacy (Shah et al., 2015).

Other ingredients

To solve the problem of encapsulating water
soluble medicinal molecules, organic salts and
ionic polymers may be used as counter-ions in
the formation of nano structure carriers.
Surface-modifiers are another type of
excipient that is utilised in the formulation of
NLC to reduce phagocytic absorption by
macrophages in the reticuloendothelial system
(RES). To increase the residence period of
therapeutic molecules in systemic circulation,
lipid particles are coated with hydrophilic
polymers such as PEG, poloxamines, or
poloxamers. Surface modification may
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provide additional benefits such as improved
physical stability and biocompatibility,
medication targeting, and greater transport
across the epithelium (Uner and Yener, 2007).

Aqueous phase

Surfactant

Nanostructured lipid carriers (NLC).

Figure 1: Structure of Nanostructure lipid
carrier

Advantages of NLC

*Enhanced physical stamina.

*More space for medicine storage.

*Perfect for loading lipophilic and hydrophilic
medicines.

*Easy to scale up production.

*Assist  with the regulated release of
encapsulated medicines.

Preventing first-pass metabolism.

*Reduced risks of drug burst release.

*Better control over drug release.

*Through the passage of p-glycoprotein efflux
pumps.

*Defending the medication against intra-
enterocyte metabolism (Naseri et al., 2015).

Types of NLC

Imperfect NLCs

Imperfect NLCs are created by mixing
structurally different lipids, such as glycerides
and fatty acids, resulting in crystal order
flaws.

Amorphous NLCs

Lipids are mixed in such a way in the
amorphous form of NLCs that they cannot
crystallise, resulting in a structure-less
amorphous matrix. The solid lipid is
combined with special lipids such as
hydroxyoctacosanyl hydroxystearte or
isopropyl myristate. As a result, NLCs reside
in an amorphous state rather than an ordered
one, eliminating medication exclusion due to
alterations during storage (Araujo et al.,
2020).

Multiple O/F/W NLCs

In general, the solid matrix of numerous
O/F/W-type NLCs has distributed nanosized
liquid oil compartments, which increases the
DL as the drug solubility increases. These
lipid particles are most suited for
incorporating lipophilic medicines, while
hydrophilic  medications can only be
integrated in low concentrations. In some
circumstances, water-soluble medicines are
converted into  water-insoluble lipid
conjugates by conjugating them with lipids
via covalent bonding or salt creation. These
lipid conjugates can be melted and processed
to produce lipid-drug conjugation
nanoparticles, with 30-50% DL for water-
soluble pharmaceuticals (Doktorovova and
Souto, 2009).

Imperfect type Amorphous type Multiple type

Phospholipidor  gin ¢ Solid ¢ o A Drug
» ¥ @ solid amorphous lipid Solid crystalline lipid 2
Liquid lipid (oil) another surfactant & . !
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Figure 2: Structure of Nanostructured lipid
carrier Methods of NLC preparation

Phase Inversion Method:

It entails magnetic stirring of formulation
components followed by heating and cooling
cycles with dilution under cooling conditions.
At a rate of 4 oC/min, three cycles of heating
and cooling from room temperature to 85 oC
and back to 60 oC are then applied. The
emulsion is inverted as a result of this heat
treatment (Gomes et al., 2019).
High-Pressure Homogenization Technique:
This is a dependable method for larger-scale
production. Lipids are pushed under high
pressure (100-200 bars) through a tiny space
of a few microns in this process. Shear tension
and cavitation cause particle disruption to the
submicron range. Normally, the lipid content
ranges between 5 and 10%. In comparison to
alternative  preparation techniques, high
pressure homogenization has the advantages
of enhanced product texture and consistency
with little scaling up issues (Kasongo et al.,
2012).

Microemulsion:

Microemulsions are created using procedures
similar to the high shear
homogenization/sonication method. The hot
microemulsion is then combined with cold
water to form the nanoemulsion, which
recrystallizes to form the NLC (Joshi et al.,
2019).

Double emulsion

Adding the generated microemulsion to cold
water (2-10 C) enables the precipitation of
evenly distributed NLCs particles (Jang et al.,
2017).

Membrane contractor

Molten lipid is forced on a porous membrane
to form microscopic lipid droplets in this

process. They are moved around inside the
membrane module while being swept out of
the pore. NLCs form when normal
temperature is cooled (Dandagi et al., 2014).
Microfluidics

Microfluidics is a relatively modern technique
that has been introduced as a revolutionary
way for producing nanoparticles with
optimised  homogeneity. The nanoliter
quantities of these reagents collide and swiftly
mix under exact pressure by forcing liquids
into a microfluidic device at constant flow
rates. Submitting a pre-emulsion to high-
pressure microfluidics and cooling it to room
temperature can reduce particle
polydispersity, shorten production times, and
eliminate the use of organic solvents. Overall,
it appears to be a promising strategy for large-
scale manufacture of drug-loaded SLNs and
NLCs (Garg et al., 2016).

Characterization

Size & Morphology

Lipid nanocarriers' physical properties,
particularly  particle  size  distribution,
influence their accumulation in target tissue.
As a result, for the formulation of safe, stable,
and efficient nanocarriers, homogeneous
(monodisperse) populations of nanocarriers of
a certain size are required. Laser diffraction
(LD) and photon correlation spectroscopy
[also known as dynamic light scattering
(DLS)] are routinely used to measure the size
of lipid particles (Das et al., 2011).
Entrapment Efficiency

Drug entrapment efficiency is defined as the
amount of drug entrapped in the carrier as a
proportion of the total amount of drug present
in the dispersion.  Analytical [UV
spectrophotometry or highperformance liquid
chromatography (HPLC)] and separation
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processes (ultrafiltration, centrifugation, and
dialysis) were used to measure entrapment
efficiency. These approaches can be used to
quantify the active component. Entrapment
efficiency can be measured in two ways:
directly and indirectly (Elmowafy et al.,
2018).

Zeta Potential

The amount of charge on the surfaces of the
particles in aqueous dispersion is defined by
the zeta potential, which is an important
quantity in predicting the formulations' long-
term physical stability. In most cases, the
electrophoretic mobility of lipid nanoparticles
predicts their zeta potential value, which is
determined  using  photon  correlation
spectroscopy and LD techniques. The zeta
potential of the electrostatically stabilised
nano dispersion is greater than 30 mV in
absolute terms (Parveen and Sahoo, 2008).

In vitro drug release

The drug release profile from SLNs and NLCs
is heavily influenced by biodegradation and
diffusion processes. To estimate in vitro drug
release from these nanocarriers, side-by-side
diffusion cells with a biological or artificial
membrane-like reverse dialysis sac, ultra-
centrifugation, dialysis bag, centrifugal ultra-
filtration, and ultrafiltration are often utilised.
The pharmaceutical release profile is
examined using a UV spectrophotometer or
HPLC (Torchilin and Amiji, 2011).

Stability

The ICH recommendations state that the
stability profile of SLNs and NLCs can be
examined by measuring the mean particle
size, size distribution, entrapment efficiency,
and drug release profile over time and at
different temperatures. Samples are taken and
examined for these criteria at regular

intervals. The % drug entrapment efficiency
and drug release patterns are determined using
a UV spectrophotometer or HPLC (Araujo et
al., 2011).

Various applications of NLC
Cardiovascular Treatment:

In-vitro incubation studies with Tashinone
(TA) loaded NLCs demonstrated that TA-
NLC could specifically bind to apoA-I.
Macrophage studies revealed that TA- NLC
incubated with native HDL could become
endogenous by connection with apo-
lipoproteins,  which do  not elicit
immunological reactions and may avoid
identification by macrophages (Wen et al.,
2010).

Drug Delivery to Brain:

Because of their quick uptake by the brain,
tolerability, and biodegradability, NLCs of
this generation are considered one of the key
techniques for drug administration without
any alteration to the drug molecule. NLCs of
asenapine (ASN) maleate were discovered to
have higher bioavailability and increased
ASN absorption to the brain (Qi et al., 2010).
Parasitic Treatment:

Novel colloidal delivery systems for
antiparasitic medicines have piqued the
curiosity of researchers working on three
important  parasitic  diseases: = malaria,
leishmaniasis, and trypanosomiasis. Lipid
Nanoparticles combine the benefits of existing
colloidal drug carrier systems such as
liposomes, polymeric nanoparticles, and
emulsions while avoiding or minimising the
disadvantages associated with them (Zhang et
al., 2010).

Ocular Delivery:

In recent decades, SLNs have been employed
for ocular medication delivery. More research
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into NLCs as ocular delivery methods has
recently been conducted. The mucoadhesive
characteristics of the thiolated nonionic
surfactant Cysteine polyethylene glycol
stearate (Cys PEG SA) and NLC modified by
this thiolated substance, as well as NLC
loaded with cyclosporine, were investigated.
The resulting NLCs offered a promising
system with a lengthy residence duration

To boost the anti-cancer impact, pHsensitive
membranolytic and lysosomolytic
nanocarriers (BSAAL-NLCs) were produced
by incorporating L-arginine lauryl ester (AL)
into NLCs and then coating with bovine
serum albumin (BSA). This increases the
lysosomolytic potential of nanocarriers while
decreasing cytotoxicity, as well as the
therapeutic index of loaded active drugs (Sai

(Mohammed et al., 2017).
Cancer Chemotherapy

etal., 2012).

Table 1: Reported formulations of NLC in treatment of fungal disease

Name of drug

Uses

Preparation method

Reference

Fluconazole Fungal infection Ultrasonication emulsion | (Fernandes et
technique al., 2020)
Itraconazole (ITZL) | Fungal infection Hot homogenization method | (Ameeduzzafar
and Box-Behnken statistical | et al., 2021)
design
Clotrimazole Fungal vaginal | Ultrasonication method (Ravani et al.,
infections 2013)
Miconazole Athlete’s foot Melt  emulsification and | (Singh et al.,
Sonication technique 2016)
Luliconazole Dermatophytes Hot melt emulsification | (Baghel et al.,
followed by probe sonication | 2020)
Ketoconazole Cryptococcus High-pressure (Du et al,
neoformans- homogenization technique 2019)
mediated
meningoencephalitis
Miconazole nitrate Fungal infections High pressure | (Sanap and

homogenization technique

Mohanta, 2013)

Voriconazole

Fungal infections

Hot-melt emulsification

technique

(Waghule et al.,
2019)
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Oxiconazole Nitrate | Fungal infection Ultrasonication method (Ranpise et al.,
2018)
Amphotericin-B Fungal infections Combination of | (Ling et al,
homogenisation and | 2019)
ultrasonication techniques
Nystatin Fungal infection Hot homogenization (Khalil et al.,
and ultrasonication 2014)
Econazole nitrate Fungal infection Hot (Gujjar et al.,
homogenization technique 2019)
Sertaconazole Fungal keratitis Solvent-diffusion method (Tavakoli et al.,
2019)
Clotrimazole and | Fungal infectious | Solvent diffusion technique (Sharma et
ciprofloxacin diseases. al.,2016)

CONCLUSION

Based on the trials included in this study, it
was discovered that incorporating medications
into NLC for use against fungal infections
improved their effectiveness, even when
compared to commercial presentations. This
profile of findings could be attributed to
qualities associated with these systems, such
as adhesiveness, sustained release, and a high
contact surface, which allows for Dbetter
engagement with the microbe, reaffirming
both systems' ability to treat this set of
illnesses. However, due to the fast flow of the
micro supensions of the aforementioned
systems, they must be dispersed in systems
with higher adhesion, such as hydrogels, for
cutaneous application.  Thus, although
improving medication therapeutic response,
inclusion in these nanosystems and dispersion
in more viscous systems may increase the cost
of the end product, making it more expensive
than currently available presentations.

Furthermore, several hurdles remain to be
overcome in order to translate these in vitro
data for animal subjects as well as humans.
Many encouraging results indicate the need
for more specific investigations in the near
future to assess their biological potential, not
just in vitro. However, there are just a few
studies that use NLC to treat fungal
infections, making their application for this
purpose a viable source for future research.
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