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Smart Approaches of Nanosponge-loaded
Gels of Ketoconazole for Topical Delivery
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Abstract

Aim: The present study was done to formulate ketoconazole (KET) nanosponges (NSs) using ethyl cellulose
polymer using the solvent evaporation method. Materials and Methods: The prepared NSs were subjected to a
drug-polymer incompatibility study using Fourier transform infrared analysis. In addition, formulations F1-F6
were evaluated for various parameters such as percentage yield, % entrapment efficiency (EE), % drug content,
in vitro release study, and particle size determination using scanning electron microscopy analysis. Results and
Discussion: KET-loaded EC nanosponges F6 optimized formulation showed superior % drug content, % yield,
and EE, showing extended drug release of drug (84.48%) at the end of 240 minutes. Optimized formulation
was loaded into HPMC gel and evaluated for pH, viscosity, extrudability, and % drug content. KET-NSs-loaded
HPMC gel (GK5) showed optimal pH (4.24), good spreadibility (23.76 g.cm/sec), extrudability (96.14%), and
viscosity (3567 cp). In vitro antifungal study revealed that KET-loaded NSs showed potent antifungal activity
against C. albicans. GK5 formulation loaded with HPMC effectively targets fungal infection and is effective for
topical delivery. Conclusion: The findings revealed that the nanosponges-loaded gel was effective for antifungal
delivery.

Key words: Candida albicans, Fungal infection, /n vitro release study, Ketoconazole, Nanosponges,
Topical delivery

INTRODUCTION

ungal infections, also called mycoses,
Faffect millions of people worldwide.

Fungus lives in soil, plants, skin, and
household areas.! They are mainly found in
moist areas and affect nails, toes, underarms,
breasts, and genital areas. Fungal infection can
penetrate deeper skin areas in persons with
diabetes, resulting in rash, skin eruption, allergy,
and irritation.[) Fungal infections are diagnosed
by scrapping skin surfaces and culturing fungal
microbes. Dermatophytes such as Candida
albicans are a natural micro-biome in the host
body. It mainly stays in the gastrointestinal
tract, vagina, and mouth areas. It leads to skin
rashes, white spots, thrush, allergic reactions,
and irritation.”!

Nanotherapeutics have become popular in
recent years due to their target-specific,
productive, and patient-tailored delivery.
Human skin is highly exposed to external
environments of ultraviolet radiation, microbes,
pH, and temperature, where nanoformulations
offer advantages for topical delivery and
improve patient compliance.*”
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Nanosponges (NSs) are microscopic solid nanoparticles
that contain voids in their porous and spongy virus-like
structure, made up of degradable polymers. They are a few
nanometers in diameter with particle sizes of <1 um. They
can entrap lipophilic and hydrophilic drug molecules and
improve the aqueous solubility of the dosage form. The tiny
mesh-like structure and intercellular voids can effectively
target antifungal, proteins, and anticancer drugs and produce
5times more efficacy than conventional medication.
NSs are novel drug formulations that can encapsulate
nanoparticles and control the delivery of topical formulation
by crosslinking with colloidal-based hyper crosslinked
polymers. Nanoponges can deliver topical drugs by passive
targeting that helps to reduce dose dumping, improves skin
retention, reduces skin toxicity and irritation, and increases
permeability, drug stability, and bioavailability, promoting
patient compliance and health.?®"!
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Scientists have formulated nystatin chitosan and alginate
microspheres using emulsification and gelation methods to
manage fungal infection. The prepared hydrogel effectively
worked against C. albicans in oral mucosa, promoting
buccal vehiculation of nystatin.' Ketoconazole (KET) is
a potent antifungal drug that prevents ergosterol synthesis,
increases membrane fluidity, and prevents fungal growth.
It is a fungistatic agent that inhibits fungal cell growth and
prevents fungus from spreading throughout the body. It
effectively manages fungal infections such as thrush, allergy,
mycosis, ringworm, and vulvovaginal infection. It is a potent
inhibitor of the squalene epoxidase enzyme and becomes
deficient in ergosterol, an essential component of fungal cell
membranes.!'"!2

Fungal infections that are sometimes become serious and
result in death. Dermal infections are the prevailing cause of
socioeconomic burden that affects humankind worldwide.
Although it is considerably non-fatal, it sometimes becomes
lethal due to negligence, improper management, or treatment.
Several scientific studies highlighted the importance of
advanced herbal, synthetic formulations for managing
dermatological infections using conventional and alternative
therapies. Herbal remedies and conventional medications are
widely explored for treating pathological skin disorders such
as acne, athlete’s foot, fungal infection, eczema, psoriasis,
albinism, vitiligo, and skin pigmentation. Results of
scientific data suggested that conventional formulations have
proven therapeutic benefits against skin ailments. Herbal
bioactive obtained from various botanicals is also helpful
in the management of dermatological disorders. Homemade
remedies are used for curing various skin ailments and
promote treatment for herbal formulations with low toxicity
and reduced side effects.[*1"]

Pathophysiology of fungal Infection

Aspergillosis is a serious invasive infection that mainly
spreads through inhalation of spores or by invading damaged
skin. It also infects patients with a previous history of lung
infections, HIV/AIDS, and immunocompromised patients.

Major risk

e Receiving a dose for more than 7 days causes neutropenia
e  Requires frequent dosing as corticosteroid therapy

e  May results in heredity disorders

e  Problems in organ transplantation.?%-*

MATERIALS AND METHODS

KET (API) was obtained from Chemland Pvt. Ltd., a Gujarat
gift sample. All the other polymers, ethyl cellulose (EC),
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polyvinyl alcohol (PVA), PG, and reagents were of analytical
grade and used to formulate NSs and topical gel, as depicted
in Table 1.

METHOD OF PREPARATION FOR
KET-NSS

Solvent evaporation method

KET-NSs (F1-F6) were prepared using the solvent
evaporation method by dissolving EC polymer in the organic
solvent phase (10 mL dichloromethane [DCM]) as an
internal phase. Further, 1% w/v PVA was added to distilled
water 100 mL as an external phase and stirred on a magnetic
stirrer at 1000—1500 rpm for 2-3 h. The internal phase was
dropwise poured using a 22 gauge microneedle into the
external phase containing PVA, and stirring was continued
further to form NSs. The resultant preparation was kept
undisturbed for 24 h. The resulting solution was filtered and
dried at room temperature overnight, as explained in Table 2,
Figures 1 and 2. The dried NSs were stored and evaluated for
the following parameters.!**-"!

NANOSPONGES: CHARACTERIZATION
PARAMETERS (KET-NSS)

Drug polymer incompatibility

Fourier transform infrared (FTIR) analysis

Finely powdered KET (pure drug), polymer EC, PVA,
physical mixture (PM), and KET-loaded NSs were analyzed
by an FTIR spectrophotometer (Shimadzu, Kyoto, Japan) to
determine drug-excipient incompatibility.¢2]

Particle size

Scanning electron microscopy (SEM)

An SEM (JEOL JSM-1010-LA) operating at 20 kV was
examined for surface morphology at Jamia Hamdard,
New Delhi. A photograph was recorded at x100, x500, and
%1000 magnification.-34

% age production yield

Drug-loaded NSs were weighed after drying and dried NSs’
% age production yield was determined using the formula as
follows:B0-34

% yield: wt of dried NSs/mass of drug and polymer (total
mass) + drug x 100.




Ppp———
Table 1: Formulation ingredients of nanosponges and topical gel

S. No. Materials Company Manufacturers Category and Applications
1 Ketoconazole (KET) Chemland Pvt. Ltd. Antifungal, topically used in nanopatrticles, nanosponge
microspheres, and antifungal gel formulation

2 Ethylcellulose (EC) HiMedia Laboratories Pvt. Ltd.  Nanopsonge formulation polymer

3 Polyvinyl Alcohol (PVA) HiMedia Laboratories Pvt. Ltd Nanopsonge formulation polymer

4 Dichloromethane (DCM)  SDL Nanopsonge formulation Solvent

5 Carbopol-934 (CP) SDL Topical gel formulation gelling agent

6 Hydroxypropyl SDL Topical gel formulation gelling agent
methylcellulose (HPMC)

7 Triethanolamine (TEA) LobiaChemie Pvt. Ltd. Mumbai  Topical gel formulation buffer

8 Methylparaben (MP) HiMedia Laboratories Pvt. Ltd Topical gel formulation preservatives

9 Alcohol, methanol Changshu Hangsheng fine Topical gel formulation Diluent and penetration

chemical Co Ltd enhancer

Table 2: Formulation of KET-EC nanosponges (F1-F6) and selection of optimized formulation

Formulation codes KET (Drug mg) EC (g9) Dichloromethane (mL) PVA (%)
F1 150 0.5 10 1
F2 150 1 10 1
F3 150 15 10 1
F4 150 2 10 1
F5 150 25 10 1
F6 150 3 10 1

EC: Ethylcellulose, KET: Ketoconazole, PVA: Polyvinyl alcohol

Figure 1: Different nanosponge formulation (Ketoconazole-Nanosponges F1-F6)

Drug Dropped slowly using needle into Filter using
*. Aolymcr aqueous phase containing PVA Whatman's
..-"" ‘ N filter paper

LGO—E Probe sonicator (lOmin! .. .‘ ..: @

(Sonics & materials inc.)

Dispersed phase containing DCM ‘ ) ' ‘ )

Nano sponges formed,

uonenLy

Internal phase having D.W (100ml) and

PVA, stirred for 2 hours DCM evaporated

Dried 40°C in oven, desiccator, stored for further %%& /

analysis && B

Nanosponges were collected

Figure 2: Emulsion solvent evaporation method
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Table 3: Topical gel composition (GK1-GK6)

S. No. Formulation (w/w%) GK1 GK2 GK3 GK4 GK5 GK6
1 NSs (mg) 200 200 200 200 200 200
2 HPMC (g) - - - 1 2 3
3. CP (g) 2 3 - - -
4. Glycerin (mL) 8 8 8 8 8 8
5 Methanol (mL) 6 8 8 8 8 8
6 TEA (mL) 0.2 0.2 0.2 0.2 0.2 0.2
7. MP 0.01 0.01 0.01 0.01 0.01 0.01
8. DW (mL) 50 50 50 50 50 50

NSs: Nanosponges, HPMC: Hydroxypropylmethylcellulose, CP: Carbopol-934, TEA: Triethanolamine, MP: Methyl paraben,

DW: Distilled water

Table 4: Calibration curve of ketoconazole in
phosphate-buffered saline (6.8) or phosphate buffer

S. No. Concentration Absorbance 278 nm
(g/mL) (Ketoconazole)

1 10 0.658

2 20 1.232

3 30 1.878

4 40 2.546

5 50 3.098

Table 5: FTIR spectra peaks of ketoconazole

Groups IR peaks (Observed) IR peaks (Reported)

CH, 1437.47 cm” 1450.43 cm’

C-H 2975.40 cm-* 3000-2850 cm"'

C=0 1667.12 cm! 1680-1630 cm™’

C-N 1375.75 cm?, 1350-1000 cm™’
1053.52 cm-!

FTIR: Fourier transform infrared
Percentage entrapment efficiency (EE)

Prepared KET-NSs were dried, weighed (100 mg), dissolved
in 10 mL methanol, and ultracentrifuged at 15,000 rpm.
The resultant mixture was filtered, and a supernatant layer
containing free drug was collected, diluted, and analyzed
spectrophotometrically  (Shimadzu) at 278 nm. The
experiment was repeated in triplicates to obtain % EE at 4.5
pH phosphate-buffered saline (PBS). The percentage of EE
was calculated using the following formula:

% EE= Total drug-free amount of drug/total drug x 100.

TOPICAL GEL PREPARATION

Prepared and dried KET-NSs (200 mg) each were
loaded with gelling agents such as sodium alginate and
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Table 6: FTIR spectra peaks of EC

Groups IR peaks IR peaks
(Observed) (Reported)
C-H 2975.40 cm™! 2960-2850 cm"'
C=0 1810.65 cm™’ 1820-1665 cm"'
O-H 3371.55 cm™! 3650-3200 cm’

FTIR: Fourier transform infrared, EC: Ethyl cellulose

Table 7: FTIR spectra peaks of PVA

Groups IR peaks IR peaks
(Observed) (Reported)

CH, 2903.64 cm™! 2941.43 cm!

O-H 3688.75 cm™! 3000-3700 cm"!

FTIR: Fourier transform infrared, PVA: Polyvinyl alcohol

hydroxypropylmethylcellulose (HPMC) to form 50 g topical
gels (GK1-GK6). It is done by soaking the gelling agent
overnight in 250 mL of distilled water to form a gel base.
Polymeric gel base was then neutralized with triethanolamine.
Methylparaben (preservative) solution was dissolved in
water and slowly incorporated to create a homogenous gel.
Glycerin acts as a moistening agent, and methanol as a
penetration enhancer was also used during the formulation of
the gel baseP*>37 depicted in Table 3.

EVALUATION OF TOPICAL GEL!=3&4
Physical appearance

All the prepared gels were visually examined for transparency,
odor, and color [Table 8].

pH determination

The pH of the topical gels was measured using a digital pH
meter, represented in [Table 8].




i i N e

Table 8: FTIR spectra peaks of carbopol

Groups IR peaks (Observed) IR peaks (Reported)
C-H 703.02 cm! 753.15 cm!
Cc=C 3015.67 cm"! 3041.78 cm"!
C=N 1171.73 cm! 1741-1000.47 cm’!
C-N 3688.75 cm™! 3000-3700 cm™’

FTIR: Fourier transform infrared

Table 9: FTIR spectra peaks of HPMC

Groups IR peaks IR peaks (Reported)
(Observed)

C-H 2957.46 cm™!

2927 cm' stretching of methyl
and propyl group
1691 cm™ and 1610 cm"!

1057 cm™ and 946 cm™' (due
to pyranose ring and C-O-C
stretching

FTIR: Fourier transform infrared, HPMC: Hydroxypropylmethylcellulose

Table 10: FTIR spectra peaks of KET+physical
mixture of polymers

C-O 1662.81 cm™!

C-O-C 1044.19cm
and 943 cm™’

Groups IR peaks (Observed) IR peaks (Reported)
C-H 702.00 cm™ 753.15cm-’

C=C 3005.10 cm** 3041.78 cm"*

C=N 1105.00 cm"! 1741-1000.47 cm"!
C-N 3687.00 cm*' 3000-3700 cm-'

FTIR: Fourier transform infrared, KET: Ketoconazole
Spreadability determination

Prepared gels were placed between two slides; one end was
tied with thread, and weight was placed. The time taken by
the two slides to slip determines the spreadability, calculated
using the formula:F¢

Spreadability (S) = W x L/T, where W denotes weight applied
on the upper slide, L represents the length of the upper slide,
and T indicates the time both sides take to separate.

Viscosity determination

The viscosity of the prepared topical gel was determined
using a Brookfield LV viscometer [Table 8].

Extrudability determination

Prepared topical gels were loaded in the collapsible tube and
allowed to excrude out. The extrudability was determined in
terms of weights/gram required to extrude a 0.5 cm ribbon of
gelin 10 s.
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% Drug content

About 100 mg of each gel formulation was added to a
100 mL volumetric flask containing phosphate buffer
(100 mL) pH 6.8, stirred for 30 min, and allowed to stand for
24 h. 0.5 mL of the above solution was pipetted out, diluted
to 10 mL with phosphate buffer pH 6.8, and filtered through
a membrane filter 0.45 um, analyzed at 278 nm.

% In vitro drug release (dialysis bag method)

Nanosponge-loaded topical gel equivalent to 10 mg KET-NSs
was kept in a dialysis bag subjected to the diffusion of a drug
for 6 h [Figure 3]. At predetermined time intervals of 30, 60,
90,120, 150, 180,210, 240,270, 300, 330, and 360 min, 5 mL
samples of aliquots were pipetted out and replaced with fresh
samples of methanolic phosphate buffer pH 6.8. The samples
were then analyzed using the UV-visible spectrophotometer
(278 nm) to determine the drug concentration released
[Figures 3-5 and Table 4].

In vitro antifungal activity (disk diffusion method)
against C. albicans

The antifungal activity of optimized GKS gel, pure drug,
KET-NSs, and the marketed formulation was determined
using the disk diffusion method having a 6 mm diameter
against C. albicans. A 6 mm disk was cut, dipped in the fungal
solution, placed over solidified agar media in different Petri
plates, and incubated at 32°C in a BOD incubator. Growth
was observed after 24 h, and a zone of inhibition (ZOI) was
measured. 853

RESULTS AND DISCUSSION
FTIR studies

The FTIR study of KET, EC, PVA, and PM and drug-
loaded NSs showed fundamental peaks; results suggested
no incompatibility or interaction between drug and polymers
was observed [Figures 6-12] and [Table 5-10].

Interpretation
No change in IR spectra was observed with a blend of

polymer and drug.

Morphological study: SEM

The morphology of the optimized NSs F6 was determined
by SEM analysis that showed formulated NSs were spherical
and spongy [Figure 13].




Figure 3: Prepared of cylindrical dialysis membrane bag
(nanosponges suspended in buffer)
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Figure 4: Absorption maxima of ketoconazole
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Figure 5: Calibration graph of ketoconazole (278 nm)
% yield and % EE

F1-F6 NSs were prepared. The resultant F6 formulation
showed maximum % age production yield and % EE as
depicted in Table 11 and Figure 14.

The production yield of all batches ranged from 36.43 +
0.51 to 82.38 = 0.58, suggesting that the drug: polymer ratio,
along with PVA, significantly affects the % yield. In the
case of F1 (36.43 + 0.51), the % yield was low compared
to F6 (82.38 + 0.58), suggesting an increased drug: polymer
ratio and an increase in % yield were observed, suggesting
diffusion of DCM from the concentrated polymer solution to
the aqueous phase. Furthermore, it provides additional time
for droplet formation and increasing % yield.
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antifungal activity
% In vitro drug release

In vitro drug release was carried out in the Franz diffusion
cell. Formulation F6 showed the best results at pH 6.8. The
in vitro drug release was observed to decline in the range of
84.48-15.08% for formulations F3-F6, concerning the drug-
to-polymer ratio. This suggested that with an increase in
drug: polymer ratio for each NSs for encapsulating drug, the
amount of polymer available was more, causing thickening
in the polymer matrix wall. This further extends the diffusion
path, causing reduced drug release. Initially, burst release
was observed in F2-F5 formulations, suggesting that the
encapsulated drug exists on the nearer surface or the exterior
part of the NSs. Further, it was observed that the drug release
was decreased with changes in the drug: polymer ratio in
formulations (F1-F6) due to the complete swelling of the
polymer matrix, and the time required for swelling becomes
directly proportional to the polymer amount. Comparative
drug release is observed and represented in Table 12 and
Figure 15.

Marketed formulation of KET-NSs (pure drug)

The observed drug release study is mentioned in Table 12 and
Figure 15, showing 86.34 at the end of 120 min for marketed
preparation. It is because the drug got exhausted from the
marketed gel compared to the encapsulated NSs present in
formulation F6, showing slow drug release (84.48%) at the
end of 240 min. This suggested that sustained effect was
observed, and prepared formulations were targeted to reduce
side effects of conventional medication such as irritation and
hypersensitivity and improve drug release.

Evaluation of NSs-loaded topical gel

Physical appearance

The prepared formulations GKS5 containing HPMC (2 g) and
GK2 containing carbopol-934 (2 g) showed a light transparent,
gray appearance, and absence of lumps [Table 13].

PpH determination

pH was found to be 4.24 and 4.36 for formulations GKS5
and GK2, suggesting formulations were effective for topical
delivery, respectively, as shown in [Table 13].

Spreadability of loaded gels

The prepared formulations GK5 containing HPMC (2 g)
and GK2 containing CP-934 (2 g) showed 23.76 and 20.04
(g.cm/s) spreadability [Table 13].

Viscosity

The viscosity of GKS5 (2 g) and GK2 (2 g) gel formulations
was found to be 3567 cp and 3257 cps, respectively [Table 13].
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Figure 6: Fourier transform infrared spectra of ketoconazole
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Figure 7: Fourier transform infrared spectra of ethyl cellulose

Extrudability as compared to pure unentrapped drug-containing gel

Extrudability was found to be GK5 (2 g) and GK2 (2 g) gel ~ (100%). This suggested prepared formulation showed better
formulations were found at 96.14% and 85.24%, respectively, extrudability [Table 13].




Table 11: Comparative data of yield (%) and % entrapment efficiency (KET-NSs)

Formulation codes % yield+SD % EE+SD
F1 36.43+0.51 44.56+0.55
F2 48.25+0.83 51.25+0.45
F3 66.32+0.44 67.12+0.55
F4 77.28+0.13 62.19+0.74
F5 65.71+0.55 72.38+0.80
F6 82.38+0.58 84.38+0.11

*SD: Standard deviation, n=3, KET: Ketoconazole, NS: Nanosponges

Table 12: % In vitro drug release: KET-NSs, pure drug at PO4 buffer (pH 6.8)

Time (min) 0 15 30 60 90 120 150 180 210 240 270 300 330 360
F1 Spherical Nanosponges were not formed

F2

F3 0 15.02 19.24 2547 3541 4117 4712 50.04 4714 4487 4574 39.14 33.14 27.56
F4 0 17.21 2345 32.12 40.19 4725 571 63.14 67.24 63.14 62.12 5841 55.21 47.38
F5 0 19.24 28.12 38.14 4825 57.24 65.71 71.65 7485 75.12 7214 70.65 68.21 63.98
F6 0 2125 3425 47.65 5524 66.21 71.35 7521 78.84 84.48 7714 7521 70.65 68.56
Pure drug (MF) 0 27.12 53.98 77.54 86.34 88.24 6845 55.14 37.12 21.01 1425 1027 798 6.12

KET: Ketoconazole, NS: Nanosponges

Table 13: Topical gel evaluation parameters (formulations GK2 and GK5)

S. No. Parameters Gelling agents (2 g each)
GK5 (HPMC) GK2 (CP-934)
1. pH 4.24 4.36
2. Physical Appearance Transparent (light), absence of lumps Grayish, absence of lumps
3. Spreadability 23.76 g.cm/sec 20.04 g.cm/sec
4. Viscosity 3567 centipoises (cp) 3257 centipoises (cp)
5. Extrudability 96.14% 85.24%
Pear | imtensty [ €O | Base 00 | Base s | Area | SO
1 343 04 05 63 42 79 344 47 340 89 45 75 300
td M7 LA M 53 30 22 M50 3 60 75 2
L S R ) = 70 SL LU R A X AT
4 [ %811 ) 17 36 3055 |W5608 (514w |25 160
£ W2 A2 86 10 907 M) AY 250 55 42 119 21 43
[ 1567 la7an Toh 50810 |03 85 [35500 |12 600
LA EL0R 1) 88 01 381 SIVTS 308 16 79 521 4277
L 5P 4 |6640 & SIS0 137175 lieses |26
J 375 3 I!Ow 4 62 Srerr 373 00 25 S M 7 240
&_"\\M 89 20 4 40 385 38 e 31 oo 8 0%
O X . 3112 1W75y (29377 7152
2 |28 (806 17 3000 |W112 1260733078
13 |5 4 a7 4% I M Yo 80 0 0 pEZ) 40613
T4 [7 58 (8850 8 S0 02 |0686  [32467  |2508
15 1404 O4 400 91 402 61 37 Ot 751
0 1410 8 421 98 418 3% 3115 3slo
17 123 58 04 48 1029 B4 W2 22 46 3 /9 1 004
[18 (114036 (0511 115006 (119605 (60013 9136
19 1171 20 1171 00 1150 s 2% 2% m
20 19234 37 93 6) 1235 00 1200 5 119 111 5 3
1 (1258 77 103 70 1263 80 [1258 05 [127 150 |2 805
72 |13 55 10612 T304 08 11350 24 [10466 |1 501
75 3456 75 105 18 (D) Taas 40 (A0 &8 (350 |2 887
174 67147 (o8 [T67357 19670 10 |2 &1 S W
% 1175514 04 48 212 1735 % V130 27 21 & 4 484
1% [W80275 110115 (o9 1805 62 [100Y 30 6062 0521
27 12517 100 8O 0 57 2105 09 2101 %8 5 528 1199
2 |250318 10146 oo 2505 342501 7515366 0000
1% (70564 fum }Bo- 7004 ¥ |084 30 [2653 | 0578
30 | 3002 38 99 51 0 OB 003 8 3000 95 1 20 0 06
ST (S5 (06 1 B8 (527525 [Soes s |18 1ok (6207
SIS E (06 aS (B2 SEISES ISR R 17es 0 845
C ¥labSoh Lons ¥Labd Solu Lo siRVData¥GLA Rem Vatue 3 a8 75 jee el 1142 3000 19 JO80 00 2117 12111
7 |Samgio name
cata¥Ashenal! spo 5 TSemgie © ‘]
4 |Opson
S |mensty Mode 1 raramlance
[ [Ascawaton Teapp Genzel
% [T of Scans
10 | Resodtion 2 cm-1

Figure 8: Fourier transform infrared spectra of polyvinyl alcohol

Asian Journal of Pharmaceutics * Jan-Mar 2025 « 19 (1) | 229



EE——

% In vitro drug release of KET-loaded gel

The in vitro drug release of KET-NSs-loaded gels for
formulations GK2 and GK5 at pH 6.8 and 5.6 phosphate
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Figure 9: Fourier transform infrared spectra of carbopol

buffer, respectively, is determined, represented in Table 14,
Figures 16 and 17.

In vitro antifungal activity against C. albicans
(optimized gel GK5)

Results of the in vitro antifungal study revealed that KET-
loaded NSs showed potent antifungal activity against
C. albicans; they can inhibit fungus growth. Furthermore,
the in vitro disk diffusion method was used to estimate zone
diameters (ZOI). Results suggested that C. albicans was
highly susceptible to antifungal drug (KET) and showed ZOI
surrounding the pure drug. This confirmed the susceptibility
of the drug toward the virulent fungal strain, thus attributing
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Figure 10: Fourier transform infrared spectra of hydroxypropylmethylcellulose

Table 14: In vitro drug release studies of nanosponge-loaded gel and pure drug at phosphate buffer (pH 6.8

and pH 5.6)

pH 6.8 (Phosphate buffer)

Time 0 15 30 60 90 120 150 180 210 240 270 300 330 360

(min)

GK2 0 1524 2346 33.14 4712 5147 6218 71.89 76.24 81.14 7714 73.87 70.02 68.57

GK5 0 20.14 32.38 46.14 5512 66.24 7045 76.14 79.21 85.12 8145 78.54 7454 71.21
pH 5.6 (Phosphate buffer)

GK2 0 847 16.12 20.15 26.14 30.12 36.14 4214 5412 63.12 58.14 53.01 49.21 46.12

GK5 0 15.14 28.21 40.57 46.21 5345 58.65 6298 6845 7224 6821 62.14 58.36 55.12
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Figure 13: Particle size analysis (a: x100, b: x500, and
c: x1000, 32.711 ym and 43 pm, 56.76 um)
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Figure 14: Comparative % yield and % entrapment efficiency
for F1-F6 ketoconazole nanosponges
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Figure 15: Comparative % in vitrodrug release: Ketoconazole-
nanosponges (F3-F6) and pure drug at PO, buffer (pH 6.8)
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Figure 16: Schematic representation of drug release:
Nanosponge-loaded gels (GK2 and GK5 formulations) at
pH 6.8 (phosphate buffer)

Invitro drug release NSs loaded gel formualtions (GK2 and GK5) at pH 5.6
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Figure 17: Schematic representation of drug release:
Nanosponge-loaded gels (GK2 and GK5 formulations) at
pH 5.6 (phosphate buffer)

Table 15: Antifungal activity and ZOI of Candida

albicans species for various formulation samples

Codes ZOl (mm)+=SD
N (negative control) 00

C (pure drug) 30+0.11

D (drug-loaded nanosponges) 34+0.21

M (marketed formulations of nanosponges) 29+0.14

G (NSs-loaded gel) 33+0.16

T (marketed formulation gel) 32+0.18
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*SD: Standard deviation, n=3
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Figure 18: Graphs of drug release kinetic modeling of optimized formulation (GK5)
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Figure 20: Schematic representation of zone of inhibitions
for antifungal activity against Candida albicans for various
formulation samples

to the free diffusion of the drug into culture media, as shown
in Figures 18-20, Table 15. The results suggested that the
prepared microspheres-loaded gels were considered to have
promising antifungal effects.

CONCLUSIONS

KET-loaded EC NSs were formulated using the solvent
evaporation method for topical delivery and a controlled
release mechanism to reduce the side effects of conventional

Asian Journal of Pharmaceutics * Jan-Mar 2025 « 19 (1) | 232

medication. Varying drug: polymer ratios, drug content, drug
EE, and % yield showed remarkable effects. Formulation
F6 was selected for further studies based on excellent and
satisfactory results among the prepared KET-loaded NSs (KET-
NSs). The F6 formulation showed superior % drug content, %
yield, and EE, showing extended drug release of drug (84.48)
at the end of 240 min. This suggested that sustained effect was
observed, and prepared formulations were targeted to reduce
side effects of conventional medication such as irritation and
hypersensitivity. Optimized F6 formulation was loaded into
gel bases HPMC and carbopol-934. The results suggested
that the optimized formulation of KET-NSs-loaded HPMC
gel (GKS5) showed better results, effectively targeted fungal
infection, and provided potent applications for cosmeceuticals
and topical delivery. The (1?) values for diffusion profiles of
optimized KET-based HPMC gel (GKY5) followed zero-order
kinetics and n value (1.2253), suggesting that the release
mechanism is a non-Fickian diffusion model. Formulations
GKS showed more residence time at the site of application
and provided controlled and prolonged drug release over 12 h.
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Limitations

Only one strain was selected for the study
The study requires further findings of in vivo activity for
a better conclusion.

Rationale of current research

10.

Nanosponges are  nanoparticles  having  tiny
interconnected voids, capable of entrapping both
lipophilic and hydrophilic drug molecules

They are explored for multifaced properties such as target
drug delivery, improving aqueous solubility, improving
bioavailability, and residence time at the target site
Nanosponge-based gels of antifungal agents are prepared
to improve residence time, penetration into deeper skin
tissues, and avoid conventional medication side effects.
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