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Abstract

Fungal infections have become a major concern in this era for human health leading to morbidity and mortality. A lot of
antifungal agents are available for treatment, with poor therapeutic outcomes due to poor bioavailability, toxicity, and resistance
challenges. Ordinary dosage forms are unable to meet the clinical needs. Nanosponges provide a promising drug delivery
system overcoming major challenges concerned with antifungal agents. Nanosponges improves solubility, permeation, taste
masking and stability of antifungal agents. It serves as an important tool for providing controlled release dosage forms. The
nanosponges are easier to formulate and convenient for bilk manufacturing. Nanosponges thus provide various benefits to

clinician to cope the overcoming demand of fungal infectious disease.
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Introduction

Prevalence of fungal infections has increased in last
two decades leading to increased morbidity and mortality
rate [1,2]. Annually about 40 million people not only in
underdeveloped as well as in developed countries suffers
from fungal infections [3]. About 600 various human
infecting fungal species have been identified. Fungai may
infect hair, skin, nail, and mucosa, and may also cause
allergies [4]. Mostly serious fungal diseases are caused by
Candida, Aspergillus, Cryptococcus species, Histoplasma
capsulatum, Mucormycetes and Pneumocystis jirovecii fungal
pathogens. Candida albicans is mostly responsible for
mucosal infections, Aspergillus fumigatus for most of the
allergic fungal infections and Trichophyton spp., especially T
rubrum, mostly for skin infections [5]. A recent estimation
of globally fungal infection shows 3M chronic pulmonary
aspergillosis, 0.22M cryptococcal meningitis complicating
HIV/AIDS, 0.7M invasive candidiasis, 0.5M of Pneumocystis
jirovecii pneumonia, 0.25M of invasive aspergillosis, 0.1M of

Antifungal Drugs Loaded Nanosponges to Improve Bioavailability of Antifungal Drugs; A Review

disseminated histoplasmosis, 10M of fungal asthma and 1M
fungal keratitis cases annually [6-8].

Figure 1: Recent estimation of global fungal infections.

J

Infection caused by fungi in human is known as mycosis
AA. Fungal infections may be classified as superficial
and invasive. Superficial fungal infections also called
dermatophytosis are the fungal infections involving skin
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and skin structures. Superficial fungal infections of nail
(onychomycosis) and skin (ring worm, thrush) are the most
common, affecting almost 1/4™ of the world population
[6,9,10]. Invasive fungal infections are the infections of the
sterile body sites. Invasive fungal infections are less common
and are limited to the immunocompromised patients such
as cancer patients with chemotherapy, AIDS patients, with

higher mortality rate [11-13].

To treat fungal infections various drugs of different
classes are available. These classes include azoles,
echinocandins, allylamines, antibiotics, antimetabolites.
Azole class is further divided into imidazole and triazoles
[14-16].

Figure 2: Classification of antifungal agents.

Imidazole (clotrimazoles, miconazole, ketoconazole,
econazole) has high side effects, toxicity, and interactions.
Azole has better safety profile with border spectrum
than imidazole. 1% generation azole drugs (itraconazole,
fluconazole) are fungistatic resulting in resistance. 2™
generation azole drugs (voriconazole, Posaconazole) are
fungicidal with broader spectrum [17-20]. Echinocandins
(caspofungin, micafungin, anidulafungins) are newer
fungicidal agents with better safety profile [21,22].
Allylamines (terbinafine, naftifine, amorolfine, butenafine)
is newer class better than azoles. Antibiotics class is divided
further into two subclasses polyenes and heterocyclic
benzofuran. Polyene antibiotics (amphotericin B, natamycin,
nystatin, hamycin) are fungicidal with border activity
and nephrotoxicity limiting only topical use [23-25].
Antimetabolite includes single agent flucytosine used only in
adjunctive therapy [26].

Drug resistance, poor bioavailability, drug interactions
and toxicity issues are the challenges making antifungal
therapy one of the complicated therapies despite the
availability of various drugs. Widespread use of antifungal
agents in human and animal health care, agriculture,
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and timber preservation results in emergence of drug
resistance making antifungal therapy challenging [27,28].
Azoles, echinocandins and polyene classes are facing the
drug resistance against Candida species (Candida glabrata,
Candida tropicalis, Candida parapsilosis) and Aspergillus
species (Aspergillus fumigatus, Aspergillus flavus). Candida
auris has raised with alarming multidrug resistances
challenge globally [29-31]. Majority of antifungal agents are
lipophilic in nature resulting in low water solubility, poor
bioavailability, and formulation challenges. A variety of
available dosage forms tablets, capsules, creams, injectables
are ineffective to overcome these challenges [32].

Nanosponges are sponge like porous structures of
nanometric dimension, having the size of a virus with a
diameter of <1pm [33]. Nanoporous structures are classified
into nanoporous hydrogels, nanoporous membranes and
nanoporous particles. Nanosponges belong to nanoporous
particles category [34]. Nanosponges have the ability to
carry lipophilic as well as hydrophilic drugs efficiently to
targeted site. Drug release can be modulated by controlling
the polymer crosslinker ratio [35]. It is mainly used for
cosmeceutical and pharmaceutical approaches, as it has
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the advantages of nanosized and microsponges vesicular
structure [36]. They improve the bioavailability of poorly
water soluble (hydrophobic) drugs by enhancing their
wetting and solubility. They provide stability to drug
molecules against the harsh physical, chemical and biological
environments [37,38]. They are free flowing powder can be
incorporate in different dosage forms (tablets, capsules,
emulgels, hydrogels, saline water) facilitating administration
through various routes including oral, topical, pulmonary,
parenteral [39]. Nanosponges are of different types as
classified in Figure 3. Vital constituents used in synthesis
of the nanosponges includes polymers, copolymers,
crosslinkers and aprotic solvents [40].

Nanosponges are a type of nanoparticles having the
ability to incorporate drug into their core. Nanoparticles
carry a drug in it by three types:

e Encapsulatingnanoparticles: In thistype nanoparticles
containing hollow cavities like sponges incorporate drug
in it. Alginate nanosponges are spongelike nanoparticles
having many hollow cavities that incorporate the drug
molecules.

e Complexing nanoparticles: Drug molecules are carried
due to the electrostatic charges of the nanoparticles and
drug molecules.

e Conjugating nanoparticles: Nanoparticles and drug
molecules are attached together through covalent
bonding [41].

Figure 3: Classification of Nanosponges.

This systematic review provides a comprehensive
analysis of antifungal drug delivery through nanosponges
including fungal infection prevalence, antifungal classes,
challenges in antifungal therapy, nanosponges for antifungal
drug delivery, their methods of preparation, characterization,
and advantages & disadvantages of this drug delivery system.

Methods of Preparations

Nanosponges are the class of nanoparticles that are

colloidal having a size range of 1-100 nm, carbon contains
polymer, porous in structure. Generally, two methods of
preparation of nanoparticles. These are top-down and
bottom-up approaches. In the bottom-up approach, the
atoms and molecules join to form supramolecular structures
e.g., cresol, sol-gel precipitation process. While in top-
down approach submicron particles are broken down into
nanoparticles by nano mill [42,43].

Polvmers Hyper cross linkage polystyrenes, Cyclodextrins (alkyl -cyclodextrins, alkoxy carbonyl cyclodextrins,
y hydroxy propyl betadex), and some di block polymers like ethyl cellulose, polyvinyl chloride, etc.
. Diphenyl carbonate, carbonyl di imidazole, pyromellitic di-anhydride, glutaraldehyde, carboxylic acid di-
Crosslinkers . . . o
anhydrides, di-isocyanates, and epichloridine [44].
Solvents Dichloromethane, dimethyl sulfoxide, ethanol, methanol, chloroform, deionized water
Copolymers Ethyl cellulose, polyvinyl alcohol [45].

Table 1: Polymers and crosslinkers used in the preparation of nanosponges [44,46-48].
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Nanosponges Preparation Methods

Generally, in practical aspects, four methods are used for
the preparation of nanosponges.

Solvent Method

First, is solvent-based synthesis in  which
dimethylformamide, pyridine, and dimethyl sulfoxide
solubilize CDs and requires solvent washing after preparation
by Soxhlet apparatus [37]. In this polymer is added in one of
these solvents and then cross-linker is added in it in a ratio
of 1:4. The previous reaction is operated at 10-12°C for 1 to
48 hours [49].

Figure 4: Solvent Method.

Melt Based Synthesis

The second method is fusion melt-based synthesis in
which cross-linking agent and cyclodextrins are merged at
high temperatures. This method is green because of no use
of organic solvents [38].

Ultrasound-Assisted Synthesis

The third method is ultrasound-aided synthesis. The
polymer and crosslinker are added to a flask and reacted in
an ultrasonic water bath without a solvent. The mixture is
heated at 90°C and that product is sonicated for 5-6 hours.
The product is cooled down at room temperature. The excess
polymer is removed by water and purification is done by
Soxhlet apparatus [43,50].

Figure 5: Ultrasound-Assisted Synthesis.
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Emulsion Solvent Diffusion Method

In this method, two phases are used. One is the dispersed
phase and the other is the continuous phase. The disperse
phase contains ethyl cellulose and drug which is then added
in 20 ml dichloromethane. Along with an equal amount of
polyvinyl alcohol this mixture is then added to 150 ml of the
continuous aqueous phase. This mixture is then magnetically
stirred. Then the product is dried [45].

Figure 6: Emulsion Solvent Diffusion Method.

Microwave-assisted synthesis

The microwave-assisted synthesis produces crystalline
NS. In this method, microwaves are used for the preparation
of nanosponges [43].

From hyper crosslinked f3-cyclodextrins

Mostly cyclodextrins are used for the formation of
nanosponges as a polymer. They are non-reducing cyclic
oligosaccharides having almost 6 or 8 glucose units bounded
with a 1,4- glycosidic linkage having abridged cone structure
[34].Itsouter partishydrophilicand itsinner partislipophilic.
Cyclodextrins are prepared by enzymatic action on starch
and alpha, beta, and gamma CDs are formed comprise of six,
seven, and eight glucopyranose subunits [37].Innanosponges
beta cyclodextrins condensing polymerization reaction takes
place. There is regiospecific addition of reactants, balanced
reaction conditions, and well removal of excess product in
nanosponges preparation. In a solution with small molecules
of crosslinking agents that work as small joining hook-ups
that connect polymer together, cyclodextrins are heated [34].

Nanosponges are prepared by different methods
according to the nature of polymer and crosslinker.
Cyclodextrins-based urethane/carbamates Nanosponges
were made by reacting B-CD and hexamethylene diisocyanate
and toluene diisocyanate in dimethylformamide for 20-24
hours at 70°C in N, environment [51].
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Figure 7: Formation of nanosponges by 3-cyclodextrins.

Cyclodextrins Based  Carbonate  Nanosponges:
Cyclodextrins-based carbonate Nanosponges are frequently
used in drug delivery applications. These are prepared
by reacting CD with dynamic carbonyl compounds e.g,
triphosgene and diphenyl carbonate in the presence of DMF
under retort conditions. The use of ultrasound-assisted
synthesis results in the fusion of crosslinking agent and
combining with CD. After that product is cleaned with
water and alcohol mixture to remove unreacted carbonyl
derivatives [51].

Cyclodextrins with ether group based Nanosponges:
Cyclodextrins with ether group nanosponges are prepared
in the presence of a base, CDs with epoxide crosslinkers
such as ethylene glycol and epichlorohydrin. This reaction is
carried out in aqueous conditions. They are used as tablet
disintegrant and other drug delivery systems because of
their high chemical resistance and recoverable swelling
properties [42].

Cyclodextrins based ester Nanosponges: Cyclodextrin-
based ester Nanosponges have high water swelling capacity
and form a hydrogel-like network. Swelling is inversely
proportional to crosslinking. They are prepared by CDs
and dianhydrides or polycarboxylic acids e.g., ethylene
diamine tetra acetic acid dianhydride and tetra acetic acid
dianhydride and citric acid. Both are soluble in polar organic
solvents like DMS, TEA.

Functionalized nanosponges synthesis: Functionalized
Nanosponges are prepared either as nanosponges that
has been fluorescently labelled or charged side chain
nanosponges e.g., Acyclovir nanosponges are prepared by
mixing carbonated nanosponges with succinic anhydride in
dimethyl sulfoxide [52].

Factors that affect the synthesis of Nanosponges

Different factors that affect the preparation of
nanosponges. These are the ratio of hydrophilic and lipophilic

Shahzad Q, et al. Antifungal Drugs Loaded Nanosponges to Improve Bioavailability of Antifungal

Drugs; A Review. Pharm Res 2021, 5(4): 000255.

components, nature of the drug, natural polymer, and nature
of crosslinker. Epichlorohydrin is used as crosslinker to
modify the rate of drug release, resulting in hydrophilic
nanosponges. While for hydrophobic NS diphenyl carbonate
or diisocyanates and carbonyl diimidazole are used to sustain
release carriers for peptides and proteins [43].

Examples of Nanosponges Synthesis that are
used for Antifungal Drugs

B-Cyclodextrins Based Itraconazole Nanosponges:
Itraconazole nanosponges based on beta cyclodextrins
are prepared by Shankar and its coworkers. In these
nanosponges, beta cyclodextrins interlink with carbonate
bonds. Itraconazole is a BCS class II antifungal drug that has
low solubility in water. They used a solid dispersion technique
for drug incorporation. In their preparation of nanosponges
itraconazole dissolved in DCM and nanosponges added in this
mixture with co polyvidone and then pulverized until DCM
evaporates. The ratio of drug: nanosponges: polyvidone is
1:1:1. After that nanosponges dried in oven and itraconazole
attains improved bioavailability [53].

Hydroxypropyl B-Cyclodextrin Based Clotrimazole
Nanosponges: Clotrimazole BCS II also has poor solubility
and a short half-life. Its solubility increased by forming
B-cyclodextrin nanosponges that are hyper crosslinked
cyclodextrin polymers. In this preparation, dimethyl
carbonate is used as a cross-linker, and then it is suitably
gelled. Hydroxypropyl-f-CD added in DCM at 90°C with
magnetic stirring and then waits for 5 hr. for the reaction
completed. After that allow it to cool and filter it. The solid
mass is broken down and the Soxhlet apparatus is used to
get rid of excess DCM using ethanol. A high concentration of
crosslinker is used; nanosponges formed are stored at 25°C.

Now the introduction of clotrimazole into nanosponges
is done by dispersing it into an aqueous suspension of
nanosponges in different concentrations. This mixture
then agitated magnetically for almost 24 hr. centrifuged at
2000 rpm for 10-15 mins to separate the nonincorporated
drug. After that colloidal supernatant are freeze-dried. The
resultant nanosponges have an increase in in vitro drug
release as well as in vitro bio adhesion. In vivo antifungal
activity was also enhanced [54].

p-Cyclodextrins Based Itraconazole Nanosponges: In
the preparation of itraconazole nanosponges reaction takes
place under sonication at 90°C for 5 hr. as beta cyclodextrins
as polymer, diphenyl carbonate as cross liker [43].

Econazole Nitrate Nano Sponges: Econazole nitrate

nano sponges are prepared by the solvent method. In this
preparation polyvinyl alcohol is used as a polymer and ethyl
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cellulose as a cross-linker. Both these increase the topical
permeation of econazole nitrate. The bulk phase consists of
PVA in 150 ml of water and distributed phase is econazole
nitrate (100mg) and ethyl cellulose is dissolved in 20 ml

Miconazole Nitrate Nanosponges

dichloromethane. The organic component is slightly added
into the aqueous phase at 35°C under magnetic stirring
conditions like 1000 rpm [55].

Figure 8: Preparation of nano sponges by beta cyclodextrins as a polymer and diphenyl carbonate as crosslinker [34].

One method is reported for the perpetration of
miconazole nitrate nanosponges by a solvent evaporation
method. They are prepared by diphenyl carbonate as cross-
linker and beta cyclodextrins in a 1:1 ratio in almost 100 ml
flask. The mixture is heated at 120°C under magnetic stirring
and wait for 5 hours to complete the reaction. Cool the
product, break it, and washed with water to clear unreacted
diphenyl carbonate and phenol as a by-product. In chloroform
miconazole nitrate dissolved separately, nanosponges added
to it until solvent evaporated. Clusters should be removed.
After that dry them at 50°C for 12 hours and sieved [56].
Miconazole nitrate nanosuspension and vaginal gels can be
prepared from these nanosponges. For miconazole nitrate
nanosuspension, dried nanosponges are introduced into a
500 ml flask and add 100 ml methanol in it to remove any
powdered drug that is not encapsulated in nanosponges.
Filter this solution through 0.22um and disperse this into
the water using ultrasonication. For vaginal gel, previously
prepared nanosponges are mixed with methylparaben,
propylparaben and this will be incorporated in the dispersion
of water with constant stirring [56].

Shahzad Q, et al. Antifungal Drugs Loaded Nanosponges to Improve Bioavailability of Antifungal

Drugs; A Review. Pharm Res 2021, 5(4): 000255.

Ethyl Cellulose-Based Fluconazole Nanosponges:
Fluconazole nanosponges can be prepared by the emulsion
solvent diffusion method in which ethyl cellulose is used as a
polymer. Other reagents are polyvinyl alcohol, carbopol-940,
and propylene glycol are used to prepare nanosponges-based
hydrogel [57]. In the emulsion solvent diffusion method, the
researchers prepared 6 batches all of which have different
ratios of drug to a polymer. In the first phase, ethyl cellulose
and fluconazole are both added in 20-30 ml dichloromethane
to form disperse phase with the help of ultra-sonication.
In the second phase, 0.5% w/v of polyvinyl alcohol was
dissolved in almost 150-200 ml of water to form the aqueous
phase by heating on the water bath. After that disperse phase
slowly but continuously added into bulk phase by syringe
injection method or by magnetically stirred at 1000 rpm for
2 hours [58].

Ethyl Cellulose-Based Voriconazole Nanosponges: In one
research article, the emulsion solvent evaporation method for
voriconazole nanosponges is reported. These nanosponges
are formed by ethyl cellulose as a polymer, polymethacrylate,

Copyright© Shahzad Q, etal.


https://medwinpublishers.com/OAJPR/

Open Access Journal of Pharmaceutical Research

and Pluronic F-68. Different proportions of polymer and
PVA. Disperse phase consists of voriconazole and polymer in
20-25 ml of dichloromethane. This mixture is added into a
precise amount of PVA that is dissolved in 100 ml water to
form an aqueous continuous phase by magnetic stirring [59].

Ketoconazole Based Nanosponges Gel: Ketoconazole-
based nanosponges gel is prepared through hyper cross-
linked B-cyclodextrins along with crosslinkers. In their
preparation method, dimethyl sulfoxide is taken in a round
bottom flask. Anhydrous B-cyclodextrins are added to it and
then diphenyl carbonate is added to it and waits for 4 hours.
Condensation polymerization takes place and transparent
blocks of B-cyclodextrins are formed. This product is then
triturated. To remove any excess of dimethyl sulfoxide, the
product is washed water. The product can also be washed
by Soxhlet apparatus by ethanol. Then this product is
dried, ground and fine powder dispersed in water [60].
6% ketoconazole nano sponge gel can be formulated using

carbopol-940.

Cyclodextrins Based Griseofulvin Nanosponges:
Cyclodextrins nanosponges of griseofulvin is an oral dosage
form for children with improved bioavailability. They also
mask the bitter taste of drug. B-cyclodextrins reacted with
diphenyl carbonate as a crosslinker by using the ultra-
sonication method. The drug is loaded in nanosponges in the
presence or absence of 0.25% polyvinyl pyrrolidone [61].

Terbinafine nanosponges: Terbinafine nanosponges are
produced by the solvent emulsion evaporation method. In
this, the drug HCL, polyvinyl alcohol as an emulsifier, and
ethyl cellulose are used. Phase I, terbinafine HCL, and ethyl
cellulose are dissolved in dichloromethane and homogenized.
Phase I, polyvinyl alcohol added to water. Phase I preparation
slowly added in phase II with constant stirring. Terbinafine
nanosponges are formed dried and stored at 25°C [62].

Polymers used in .
the preparation of Cross linkers ATl AT BCS Method used References
loaded nanosponges class
nanosponges
. . Itraconazole (BCS class Solid dispersion
B-cyclodextrins Copolyvinodum I II technique [53]
Hydroxy propyl . Clotrimazole (BCS Il and Solvent evaporation
B-cyclodextrins Dimethyl carbonate shorter half-life) Il method [54]
Ethyl cellulose Polyvinyl alcohol Econazole nitrate II Solvent evaporation [55]
method
B-cyclodextrins Diphenyl carbonate Miconazole nitrate II Solvent evaporation [56]
method
Fluconazole Emulsion solvent
Ethyl cellulose Polyvinyl alcohol nanosponges-based I diffusion method [57]
hydrogel
Polymethyl . Emulsion solvent
Ethyl cellulose methacrylate Voriconazole 11 evaporation method [58]
Ketoconazole gel-based Condensation
B-cyclodextrins Diphenyl carbonate 5 II polymerization [60]
nanosponges .
techniques
Griseofulvin oral liquid Ultrasonication
B-cyclodextrins Diphenyl carbonate nanosponges-based I1 [61]
o method
pediatric dosage form
. o Solvent emulsion
Ethyl cellulose Polyvinyl alcohol | Terbinafine nanosponges 11 evaporation method. [62]
Table 2: Methods of preparation of antifungal drugs loaded nanosponges.
Characterizations of Nanosponges Loading Efficiency

Inclusion complexes or nanosponges are characterized
by various following methods [38,44]:
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The loading efficiency of inclusion complexes is
determined. This is done by solubilizing the nanosponges
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in a suitable solvent. Sonicate it and allow it to break. The
contents are then analyzed by HPLC or UV spectrophotometer
[38].

Drug encapsulant N

Drug loading capacity = 100

Drug total

Morphology Evaluation of Nanosponges

Scanning electron microscope and transmission electron
microscope are widely used to study different aspects
of nanosponges.0.5% W/V suspension of nanosponges
is sprayed on copper grids. And this must be air dried
before observation. This method indicates the difference
of crystallization rate of starting material and product. NIH
image software is used [52].

Determination of size, zeta potential and
polydispersity

Zetapotentialisthemeasure ofsurfacechargeorelectrical
potential at slipping plane. This can be used by using specific
electrode in particle size measurement equipment. For zeta
potential determination all nanosponges are diluted with
0.1 mM KCL. Then they enter in electrophoretic cell where
electric field is about 15V/cm is applied. Zeta potential of
carbonated nanosponges is -25mV which indicated that they
are form stable suspensions that don't sufficiently aggregate
[37].

Polydispersity is the variation within particle size
distribution. NS sizes and polydispersity parameters are
determined by dynamic light scattering. This method uses 90
plus particle sizer with MAS OPTION particle sizing software.
95°C and 25°C scattering angles are mostly used. All samples
are diluted with deionized water before any measurement
[52].

Ad
davg

PDI =

“d” is the width of distribution and “d avg" is the average
particle size [48].

Fourier Transform Infrared (FTIR) analysis

Itis used to determine the possible relationship between
the drug and polymer. Carbon blank is used as a reference
and sample is scanned from 400-4000 cm. The purging
of detector is done by helium before analysis. KBr pellets
are mostly used [63]. 4000 to 650 cm™ range spectra of
drug, polymer, drug polymer physical mixture, drug loaded
nanosponges and blank NS is noted to observe any possible
interaction. This method also indicates the hydrophilic and
hydrophobic sites in NS [38].
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Thin layer chromatography

In TLC evaluation, the Rf value of drug candidate is
disappear and thus identify the nanosponges joined with
drug. But it is reversible process. So that only drug and
nanosponges spots are found on TLC-plate.

In-vitro Drug Release of Nanosponges

Multi-compartment rotating cell is used. It has two
compartments one of which is donor that filled with aqueous
suspension of nanosponges with drugs and other is receiver
compartment filled with suitable PH phosphate buffer. These
two compartments are separated by hydrophilic dialysis
membrane. The receptor buffer is completely withdrawn at
specific time intervals and fresh buffer is added. The sample
is than analyzed by HPLC or other tool specified in individual
monograph of drug [38].

Infrared Spectroscopy

This technique is used to study the interaction between
drug and nanosponges in the solid state. Nanosponges band
small changes upon complex formation. IR spectroscopy
technique is limited to drugs having carbonyl and sulfonated
groups [44].

Phase Solubility Studies

The effect of nanosponges on solubility of drugs is
determined by phase solubility studies. In this method,
solubility constant is determined by dissolving drug into
suitable solvent at its saturated point. This solution is then
mixed with different concentration of nanosponges i.e., 1:1,
1:2,1:3, etc. High concentration of nanosponges interact more
drug. A plot is drawn between nanosponges concentration
and drug concentration. Solubility constant that obtained
gives idea about extent of interaction between nanosponges
and drug [43].

Porosity

It gives us estimate about nanocavities formed in the
nanosponges. Helium pycnometer is used because it uses
helium gas that possesses the ability to penetrate inter and
intra molecular channels of NS. The true volume can be
calculated by the extent of helium displacement [38].

Bulk volume — Truevolume <100

% Porosity = Bulkvolume

Water Uptake and Swelling Studies

For polyamidoamine polymer nanosponges swelling
studies can be done by soaking nanosponges in water [43].
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Percentage swelling can be calculated by using following
formula:

Y%of swelling = % x100
0

Where “S” means cylinder marking at specified time
after soaking and “S ” means initial cylinder marking [38].

Y%water uptake = Mt /| Mox100

M, is the mass of hydrogel after some time and M, is the
initial mass od dry polymer.

Thermal Analysis

Differential scanning calorimetry (DSC), differential
thermal analysis (DTA) and thermogravimetric analysis
(TGA) are most important. These studies are used to
determine melting point, degree of crystallinity (X),
crystallization temperature (T) and thermostability of
nanosponges. In TGA, the sample is heated in N, environment
and loss of mass is noted. Weight loss is another indicator
of formation on inclusion complex formation [38]. Then
sample is heated in the presence of oxygen and loss of mass
and oxidized products are identified. DTA and DSC patterns
of nanosponges can be observed for any enlargement,
shifting and appearance of new peaks shows the molecular
dispersion of drug in polymer [43].

Moisture analysis

Nanosponges are non-hygroscopic. The retention of
crystal structure during moisture absorption and desorption
can be confirmed by dynamic vapor sorption studies [38].

X-ray diffractometry and single crystal X-ray
structure analysis

The diffraction pattern is noted in solid state. In liquid
form, mixture not shows any diffraction pattern. The
diffraction is completely different of un complexed NS
from complexed NS. This difference indicates the complex
formation. The diffraction peaks are important to determine
the chemical decomposition and complex formation [44].
The single crystal X-ray structure analysis reveals the
complete structure and interaction of nanosponges. The
precise geometric relationship can be identified [48].

Photodegradation Study

In this study, UV lamp is used. The sample is taken at
10cm from UV lamp. The sample is stirring under dark. The
sample is analyzed at different time intervals using HPLC
[48].
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Benefits Associated
Nanosponges

with  Antifungal

e Nano-sponges offer entrapment and compatibility with
wide variety of drugs.

e Side effects are markedly reduced through use of nano-
sponges without decreasing the efficacy of drug.

e Formulation flexibility is enhanced, and stability is
improved using this system.

e Theyare non-allergic, non-irritating, non-mutagenic and
non-toxic.

e Nano-sponges are free flowing.

e Nano-sponges can incorporate immiscible liquids which
improves material processing through this liquid can be
converted to powder form [35].

e They are stable over wide pH range and temperature.

e There are self-sterilizing because very low pore size i.e.
0.25 micron, hence bacteria cannot enter into it.

e Controlled / Sustained release action is obtained through
this system [64]

e Theyare cost effective as compared to other formulation.

e They also mask the bitter taste of drug [65].

e They have better thermal and physical stability as
compared to other systems.

e Encapsulation of drugs can be done through nano-
sponges.

e The superior property of nanosponges have been
attributed the ability to control the structure of particles
and control the nature and size of aperture. By varying
the proportion of cross-linker to polymer, the degree of
cross linking can be modulated, which ultimately affects
drug loading and release [66].

e They are bio-degradable and protect the drug from
degradation.

Nano-sponges can incorporate gases in it.
They are easily scaled up for commercial production.

sustained/

controlled Taste
release Masking

action

Incorporati Non-

on of .
Liquid and Nallerglc{
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and
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Figure 9: Benefits associated with antifungal nanosponges.
o
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Limitations associated with anti-fungal
nanosponges

e They can only incorporate small molecule in it. Molecule
having more than five condensed rings cannot be
incorporated.

e Their loading capacity also varies depending on the

degree of crystallization. Para crystalline form has

different loading capacity as compared to crystalline
form.

Nanosponges may sometime retard the drug release.

The phenomena of dose dumping may occur.

Only Incorporate Small Molecules Retardation of Drug Release

Disadvantages
Dose dumping Variation in Loading capacity

Figure 10: Limitations associated with anti-fungal
nanosponges.

J

Challenges associated with Antifungal
Nano-sponges

Solubility Enhancement

Most antifungal drugs i.e itraconazole, fluconazole,
miconazole, ketoconazole, clotrimazole, griesofulvin etc,
are BCS 2 drugs, having low solubility in the body. Hence
nanosponges are made to enhance solubility. The increase
in the concentration of nanosponges enhances the solubility
of the drug [64]. Further enhancement of solubility can
be done through addition of auxiliary components like
copolyvidonum [67]. Masking of hydrophobic group by
increasing wetting of drug or by decreasing crystallinity of
drug nanosponges improves solubility [68].

Increase in Permeability

The permeability of nanosponges is enhanced using
nanosponges. The nanosponges permeate deeper into the
skin to an extent to which no other formulation can reach.
They, hence, improved the efficacy by channelizing the
antifungal drugs to their desired targeted site and eradicate
fungal infection [69]. The drugs in nanosponges are of small
size and are loaded in a precise way, likewise the polymer in
nanosponges also contributes to the increase permeability
of less permeable antifungals e.g., resveratrol enhances the
permeability of nanosponges.

Enhancement of Topical Antifungal Activity

Nano-sponges hydrogels are more effective in inhibiting
the fungal growth topically as compared to normal antifungal
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creams. Usually, creams are of hydrophobic nature due
to which they have lower drug uptake causing ineffective
treatment of the disease. Skin deposition of terbinafine
nanosponges hydrogels is significantly higher than normal
hydrogels or creams [70]. Ketoconazole, a drug effective
against candiasis and other fungal infection having poor
solubility and permeability, can enhance its activity through
formulation in to nanosponges [64,71].

Protection against Degradation

There are some antifungals which are prone to
degradation by photolysis e.g., amphotericin B, flucytosine,
griesofulvin, voriconazole etc. The antifungal activity of
amphotericin decreases within 2 to 4 days of exposure to
sunlight. Similarly, clotrimazole photodegradation reaches
to 40% when exposed to polychromatic light within 9 hours
[72]. Thus, nanosponges may serve as a protective agent to
minimize the degradation.

Sustained/Controlled Release of Antifungal
drugs

Nanosponges also play an important role in sustained
release of drug in the body. Sustained release of a drug
maintain the constant drug concentration in the body by
releasing the drug programmed rate for long period of time
[73]. Sustained release antifungals like miconazole and
nystatin helps to inhibit recurrence of denture stomatitis
by Candida spp. [74]. Likewise, clotrimazole is effective
in vaginal candidiasis by maintaining sustained release in
vagina [75]. Hence constant release of antifungals helps to
inhibit reinfection. Nanosponges, thus play a promising
role in releasing of antifungals over an extended period.
The release rate further can be controlled by increasing
or decreasing the polymer. Consequently, the sustained
release effect in fluconazole and voriconazole is helpful
in chronic fungal diseases like Jock itch, Tinea versicolor,
Onhycomycosis etc. [60,62]. miconazole nanosponges also
provide sustained released effect in vagina due to its good
viscosity and pH [76]. Likewise, euconazole nanosponges
serves as sustained release formulation for topical activity in
which nanosponges serves as a depot for drug storage [77].

Increase Bioavailability of Antifungals

Bioavailability, the amount of drug which reaches to the
systemic circulation, can also be increased by nanosponges
[78]. As cyclodextrin based nanosponges may enhance the
solubility up to 30 times, dissolution rate also increases to
an extent, which consequently increases the bioavailability.
Most antifungals like itraconazole, miconazole, ketoconazole,
terbinafine, griesofulvin and etc. having poor bioavailability
[79,80].Their bioavailability can be increased by
incorporation of these in to the nanosponges. Hence, help
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them to attain required plasma concentration for the desired
therapeutic effects.

Bitter Taste masking

Antifungals especially griseofulvin, terbinafine and
amphotericin has very bitter taste render it hard to swallow.
Nanosponges may play pivotal role in taste masking of
antifungals [64]. The cyclodextrins of nanosponges form
inclusion complexes with the drug molecules, thus forming
interaction with proteins of taste bud preventing the contact
of bitter drugs with the taste buds [81].

Better Stability

They are stable at a very high degree of temperature
i.e., up to 130c. it can tolerate and remain stable over broad
range of pH i.e. 1 to 11 [82]. It is compatible with various
ingredients. It has better chemical, physical and thermal
stability [83,84].

Increase in Patient Compliance

Due to increase in the bioavailability and sustained
release action of antifungal nanosponges, the duration of
action will be enhanced, and the dosage interval is increased

which require less dosing frequency. Consequently, patient
compliance is increased.

Improved Oral Drug Delivery

For most antifungals dissolution rate is the rate limiting
step in bioavailability of drug when taken orally. Many drugs
like miconazole, itracoanzole, ketoconazole, griseofulvin
have low bioavailability which make them less efficacious
and contributes to decrease antifungal activity. Nanosponges
play a vital role in enhancing the dissolution rate,
permeability, and solubility of an oral drug B-cyclodextrin
based nanosponges will deliver the drug three to five times
more to the target site when compared to the injections.

Targeted Drug Delivery

Nanosponges can be tagged with specific linkers for
targeted drug delivery to the affected site and diseased cells
[34,85]. Nanosponges are conjugated by the ligands on their
surface which make them effective against disease cells
thus reducing side effects, dosage frequency and increasing
patient compliance [37]. Antifungals have a huge list of
side effects; these side effects can be reduced through this
technique.

Antifungal BCS .Polymer us_ed Cross Linkers Drawbacks Applications References
drugs Class | in preparation
Decrease penetration Increased topical
in skin. permeation in skin.
Poly vinyl . :
1.Econazole II Ethyl cellulose aleohol Low retention time Sustained release. [66,77]
Poor solubility Increase in retention
time.
Decrease bioavailability. | Increased solubility
2. Itraconazole 11 B-cyclodextrin (.:0_ . Incrgase.d. [67]
polyvidonum Low skin permeation Bioavailability
Enhanced permeation
Improved topical drug
) delivery.
3. Fluconazole I Ethyl cellulose lelZo‘;:gly l Decrease solubility Increased solubility [60]
Enhance
bioavailability
Degradation Increase in half life.
Hvd ) | Dinhenvl Decrease
4. Clotrimazole | 11 | YCroxylpropy ‘pheny biodegradation. [72]
B- cyclodextrin carbonate Short half life —
Improved solubility
Sustained release
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Sustained release
] Increase permeability
5. Mi 1 Il | B-cyclodextri Diphenyl Short half ; 76
. Miconazole -cyclodextrin carbonate ort half life Improved efficacy [76]
Increased duration of
action
Less solubilty Increas.e Foplcal
Diohenvl activity
6. Ketoconazole | I B-cyclodxtrin calrrk))oilrzli};e Increase in [64,71]
Less topical activity bioavailability
Increase in solubility
Degradative Prevent degradation
Polymethyl Increase half-life.
7.voriconazole I Ethyl cellulose methacrylate Short half Lif Controlled release [62]
Enhance
bioavailability
8. Grieseofulvin | I B-cyclodextrin Diphenyl Bitter taste Masks bitter taste [64]
carbonate
Prevent degradation.
Degradative Enhanced
bioavailability
Bitter taste Improvgd. topical
) activity.
. Polyvinyl : :
9. Terbinafine 11 Ethyl cellulose aleohol Bitter taste masking [70]
Less penetration in skin Increase
bioavailability
10 Polvviny] Bitter taste Prevent degradation.
. olyviny I 1 half lif
Amphotericin B v Ethyl cellulose alcohol Short half life nefease At e [86]
Bitter taste masking.
lz;)llyvir;y{c / Sustained release
. methacrylate Lo .
11. Nystatin II Ethyl cellulose Poly vinyl Less penetration in skin Increased topical [87]
alcohol activity

Table 3: Application of antifungal drug loaded nanosponges and their drawbacks.

Conclusion

The current space of antifungal demands is unlikely to
fulfil the clinical needs of patients. Therefore, it requires
an extensive drug development in the field of antifungal to
meet the needs of the clinician due to its various therapy and
formulation problems. These various difficulties demand for
an effective drug delivery system i.e., nanosponges.

The nanosponges due to its various properties make it
one of the better candidates for the delivery of antifungals.
The controlled release properties due to its polymeric nature
and the solubility enhancement due to its polymer and cross
linkers facilitate the delivery of anti-fungal agents. Likewise,
the incorporation of solids and liquids, taste masking,
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biodegradability, protection against degradation, flexibility
and elegance with physical and thermal stability overcomes
the needs and hurdles accompanying anti-fungal as a
therapeutic agent. Further, the use of antifungal nanosponges
in variety of formulations i.e., oral, topical, parenteral etc.
give clinical care providers better approach in choice of
suitable formulation. The tagging of specific linkers and
conjugation of ligands with cyclodextrin or other polymer
of nanosponges make them valuable for the targeted drug
delivery in different antifungal diseases like onychomycosis
etc. Last but not the least, their smaller size even one three
thousandth size of RBC’s enables them to hide it thorough
immune system which helps them to tackle the destruction
cause by immune cells.
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Although, a lot of research has been going on and new

aspects are being discovered each day, the use of natural
exterior and synthetic interior components enhances the
complexity. The low solubility and decrease stability are
leading cause of structural complications. Thus, nanosponges
may open a new era in the field of antifungals therapeutic
and treatment system by eliminating old and conventional
type of delivery of drugs. But like any other medical field,
there are also some risks associated with this system which
can be tackle over time.
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