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Abstract

Background: Worldwide fungal infection cases are increasing by leaps and bounds. The patients who are
immunocompromised, i.e, cancer and AIDS, are more susceptible to different types of fungal infections like cutaneous
candidiasis and its associate infections. The available treatment for such a disease is creams, gels, etc. However, due to
the lack of penetrability and higher systematic absorption, these formulations have reported many side effects. To
overcome such challenges, various novel drug delivery systems were introduced. The present research focused on the
preparation of glyceryl oleate ufasomes of terbinafine hydrochloride using the film hydration method.

Result: The prepared formulations were characterized for globular size (nm), zeta potential (mV), PDI, morphological
characteristics, thermal behavior, in vitro drug release, in vitro antifungal activity, and in vitro skin permeation retention
studies. After suitable formulation optimization using thin-film hydration method, 3:7 drug to glyceryl oleate ratio, UF3
formulation was found to produce higher drug entrapment efficacy (5245 + 0.56%), stable anionic zeta potential (—
3337 + 0.231 mV), desired globular size (376.5 + 042 nm), and decent polydispersity index (0.348 + 0.0345). Diffusion-
controlled and zero-order sustained release profile was observed in the optimized UF3 batch. From the 5 days in vitro
antifungal activity studies, it confirmed that UF3 ufasomes possessed good applicability in more prolonged therapy.

Conclusion: From the current investigation, it can be concluded that glyceryl oleate ufasomes of terbinafine
hydrochloride could be an excellent approach to treat topical fungal infections.

Keywords: Antifungal agent, Cutaneous candidiasis, Glyceryl oleate, In vitro antifungal activity, Terbinafine
hydrochloride, Ufasomes
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Background

The skin is the outermost protective layer of the hu-
man body, which protects internal organs from any
kind of external damage [1]. The outer layer of skin
is called the epidermis, which is responsible for skin
tone. The next layer is the dermis, which is entirely
comprised of hair follicles, connective tissues, and
sweat glands [2]. The hypodermis or subcutaneous
tissues are the deeper layers of the muscles [3]. The
bacteria or fungus eventually do some transcutane-
ous invasion. To avoid such conditions, the outer
epidermis acts as a protective barrier [4]. However,
the skin permeability could be dogged when the fun-
gus attacks the stratum corneum and ultimately alter
the permeability of the skin [5]. The recent research
findings are suggesting that more than one billion
people of our planet have skin infections. Those pa-
tients who are immunocompromised are suspectable
for such kinds of skin infections [6]. Mostly, due to
the consumption of immunocompromised drugs or
diseases like AIDS, leukemia, viral hepatitis, and
multiple myeloma, the risk of fungal infections in-
creased in the modern age [7]. Contemporary fungal
infections can be virulent and invasive and can
spread from subcutaneous to epidermis [8]. To target
such fungal infections, it is necessary to have an ex-
cellent permeation enhancer. To enhance skin per-
meation, glyceryl oleate is one of the finest
permeation enhancers for skin, which is capable to
produce deep penetration. Due to the subcutaneous
fluidization and polar lipid existing in the various li-
quid crystal phase, the amphiphilic glyceryl oleate
shows higher penetrability into the skin [9]. The dif-
ferent types of essential fatty acids, such as alpha-
linolenic acid, linoleic acid, arachidonic acid, and
oleic acid, are capable of producing vesicular struc-
ture in aqueous conditions [10]. Barreto et al. [11],
in their study, prepared garlic liposomes with oleic
acid and phosphatidylcholine and checked its anti-
fungal activity in wheat bread [12]. From the thermal
gravimetry analysis, it was concluded that oleic acid
retards thermal decomposition as compared with
phosphatidylcholine liposomes. In another research,
Srisuk et al. performed an in vitro permeability study
of methotrexate liposomes made up with oleic acid
and phosphatidylcholine, which was further com-
pared with liposomes of phosphatidylcholine and
cholesterol [13]. The result of this research revealed
that liposomes made up of phosphatidylcholine and
oleic acid enhanced the skin permeation; hence,
maximum methotrexate flux was witnessed in dermis
layers of porcine skin. In another research, Sharma
et al. has prepared potential fatty acid vesicle com-
prising with oleic acid for the topical drug delivery
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of methotrexate [14]. In another research, Salama et
al. developed unsaturated fatty acid liposomes or ufa-
somes using oleic acid [15]. In another study,
Sharma and Arora [14] encapsulated methotrexate in
oleic acid vesicle to form ufasomes for the treatment
of psoriasis; the results were astonishing. The oleic
acid methotrexate ufasomes have had maximum en-
trapment efficacy in rat skin as compared with car-
bopol-based plain gel [16].

Terbinafine hydrochloride, an allylamine derivative
structurally related to naftifine, can block the biosynthesis
of ergosterol by suppressing squalene epoxide [17]. This
drug can be used to treat different types of skin infections
caused by fungus. Terbinafine is highly active against der-
matophytes [18]. Eventually, this drug gel and creams are
available in the market but how much they are bioavail-
able or penetrable is still a matter of research [19]. More-
over, some patients often withdraw medication once they
are receiving a positive response from it, which ultimately
increases the chance of reoccurrence of fungus infections
in patients. Moreover, frequent dosing of terbinafine in
the skin could increase the likelihood of higher absorption
in systematic circulation [20].

As far as fatty acid vesicles are concerned, they can
spontaneously grow in alkaline micelles, which are at-
tached to buffer vesicles [21]. These fatty acid vesicles are
capable of fusogenic characteristics, which ultimately lead
to a reduction of the membrane transition temperature.
When fatty vesicles come with the contacts of lipid bilay-
ers of skin, it releases its contents [22]. Therefore, it is
established by many types of research that fatty acid vesi-
cles are the most effective carrier to boost skin penetrabil-
ity through the stratum corneum [23].

In our present study, an attempt was made to prepare
effective fatty acid vesicular drug delivery systems or ufa-
somes of terbinafine hydrochloride using glyceryl oleate
for aiming fungus infections which affect the deeper epi-
dermal layer of the skin. This formulation is capable of
providing local effects with higher penetrability and re-
duced dose and toxicity. For preparing glyceryl oleate
ufasomes of terbinafine hydrochloride, film hydration
methods were used. The different characterization pa-
rameters were also addressed in this research.

Methods

Materials

Terbinafine hydrochloride was a gifted sample by Dr.
Reddy’s Laboratories (Ameerpet, Hyderabad, Telangana,
India), glyceryl tri(oleate-1-">C) was purchased from
Sigma-Aldrich (Bangalore, India), Sephadex® G-50 was
purchased from Sigma-Aldrich (Bangalore, India), and
dialysis tubing cellulose membrane with flat width 10
mm (0.4 in.) was purchased from Sigma-Aldrich (Banga-
lore, India). The fungal strain Candida albicans (Robin)
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Berkhout (ATCC® 10231™) was a gift sample from RK
University (Rajkot, India), synthetics non-human skin
called Strat-M°® membrane arranged from Millipore
(Canada), and the rest of the samples were analytical
grades and purchased from Rankem Laboratories (Guru-
gram, Haryana, India)

Preparation of terbinafine hydrochloride ufasomes

By using a thin-film hydration method, the terbinafine
hydrochloride ufasomes were prepared in a round bot-
tom flask. After slide modification of the Sharma et al.
[14] procedure, new preparation steps were incorporated
[24]. Initially, terbinafine hydrochloride and glyceryl ole-
ate were dissolved in dichloromethane and kept in a
round-bottomed flask for vacuum drying using a rota-
tory evaporator (IKA-RV 3 V-C Digital Rotatory Evapor-
ator, Germany). The assembly was set for 50 rpm at 45
°C. After overnight vacuum drying, a dried thin film
formed, indicating complete removal of residual solvent.
The thin film was further hydrated for 12 h with freshly
prepared pH 5.5 phosphate buffer solution. The mixture
was further sonicated in 1.5 L Athena Ultrasonic Bath
Sonicator for 15 min to form uniform vesicular disper-
sion. Also, optimization is performed by changing the
ratios of terbinafine hydrochloride and glyceryl oleate.
The manual optimization procedure followed, where dif-
ferent ratios of terbinafine hydrochloride and glyceryl
oleate were screen for the best optimization batch. A
total of five (UF1-UF5) formulations batches was pre-
pared, and subsequently, the best formulation batch has
been selected after suitable statistical screening (p <
0.05). The unentrapped drug was separated from the for-
mulations using OMNISEC Gel permeation Chromatog-
raphy (Malvern Panalytical, UK), considering borate
buffer as eluent.

Vesicular size, zeta potential, and morphological
characterization of glyceryl oleate vesicles

Delsa Nano C Particle Size and Zeta Potential Analyzer
(Beckman Coulter, USA) was used for accurate vesicular
size and zeta potential measurement [25]. For measuring
the internal morphology and surface characterization of
the vesicles, transmission electron microscopy (JEOL
Transmission Electron Microscopes, USA) and mitotic
compound microscope (BA210 LE, Germany) were used.

Entrapment efficacy

Entrapment efficacy was measured after exposing the
vesicles in 1 N sodium hydroxide [26]. The release of
the terbinafine hydrochloride was measured spectro-
photometrically (UV-1280-UV-VIS Spectrophotometer,
Shimadzu Life Science, Japan) at 283 nm. The following
equation measured the entrapment efficacy:
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Entrapment (%) = Entrapped drug/Total drug incorporated x 100

Differential scanning electron microscopy

To understand the thermal behavior of drug, drug-
loaded vesicles, and blank vesicles, differential scanning
electron microscopy was performed (Q-10, TA instru-
ment) [22]. Calibration of heat flow is compulsory before
initializing the process. Sample purging was done using
inert nitrogen gas at a flow rate of 30 ml/min. The
temperature was raised at 20 °C/min increments.

In vitro drug release studies

The dialysis tubing cellulose membrane with flat width
10 mm (0.4 in) was used for the in vitro dialysis of gly-
ceryl oleate ufasomes. For proper execution of this study,
5mL glyceryl oleate ufasomes were taken into dialysis
tubing and both ends were tied using nylon thread and
dispersed into a conical flask comprising of 50 mL pH
5.5 phosphate buffer solution containing 0.01% sodium
lauryl sulfate. The conical flask was further incubated
into an incubated shaker for 15 min in 37 °C at 60 rpm.
Also, a 5-mL sample was withdrawn from the bottle,
and 5mL of fresh buffer was added into the conical
flask. The withdrawn sample was filtered and deter-
mined spectrophotometrically at 283 nm.

In vitro antifungal activity of glyceryl oleate ufasomes
The cup plate method was incorporated to estimate the
antifungal activity of glyceryl oleate ufasomes. Initially,
Candida albicans was first grown overnight and inocu-
lated into Sabouraud dextrose agar (SDA) media plates.
Using cork borer, 10-mm diameter, three wells were in-
troduced after solidification of Candida albicans in
media plates. In the first good glyceryl oleate, 30% w/w
ufasomes was placed as a test group; in the second well,
plain 2% w/w terbinafine hydrochloride was placed in
third pH 5.5 phosphate buffer solution was placed, which
is considered a controlled group. The plates were incu-
bated for 48 h at 37°C. At different time intervals, the
zone of inhibition was measured for the control, plan
drug, and test sample.

In vitro skin permeation study for glyceryl oleate
ufasomes

Using Franz diffusion cell (Dolphin Pharmacy Instru-
ments Private Limited, India) in vitro skin permeation
study for glyceryl oleate ufasomes (sample A), marketed
gel (B-Fine, Cian Healthcare Limited, Mumbai, India)
and plain drug of terbinafine hydrochloride (gift sample,
Dr. Reddy’s Laboratories) were carried out. The diffusion
area for the Franz diffusion cell was 4.5 cm?, and the 60-
mL volume was kept inside. The penetration study was
done using a synthetic non-animal-based model called
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47 mm 60/pk Strat-M° membrane [27] (Millipore,
Canada), which is specifically designed to mimic human
skin. The most significant advantages of this synthetic
skin are no need for an animal model, deficient human
to animal skin variability alternative (CV = 8%), almost
around 1.38 correlation to human skin, and longer self-
life with no specific storage requirement. In the experi-
mental procedure, the disk-shaped Strat-M° membrane
was plucked using forceps and socked into a Petri dish,
continuing 10 mL of saline water.

Further, the Strat-M° membrane was placed into the
donner compartment of the Franz diffusion cell using
forceps and maintain temperature around 35-37°C.
Thirty percent w/w optimized glyceryl oleate ufasomes,
1% w/w B-Fine Marketed gel (2.91 mg equivalent of ter-
binafine hydrochloride), and 2.91mg of terbinafine
hydrochloride were placed in the donner compartment
of three different Franz diffusion cell. Nearly 0.5 mL of
samples were withdrawn from the acceptor compart-
ments for various time alternatives within 24 h using
digital micropipettes (Thermo Fisher Scientific India Pri-
vate Limited, Mumbai, India). The same amount of buf-
fer solutions was added to the maintained sink condition
in the acceptor compartment. The filtered samples were
analyzed using UV-1280-UV-VIS Spectrophotometer
(Shimadzu Life Science, Japan) at 283 nm.

Skin retention of vesicular dispersion
After performing in vitro skin permeation studies in
three Strat-M° membranes [28], the utilized membranes
were carefully removed from the Franz diffusion cell and
subsequently chopped into small pieces. Now, 50 mL of
pH 5.5 methanolic phosphate buffer (6:4) was added into
the cut pieces and placed in shakers incubators with
Vortexes Stirrer (Athena Technology, Mumbai, India)
for 1 h at 37 °C. This procedure completely extracts
drug from the embedded Strat-M° membrane. After ex-
traction, the resultant solutions were filtered using a
compact cooling centrifuge (Remi Elektrotechnik Lim-
ited, Mumbai, India) and using UV-1280-UV-VIS Spec-
trophotometer at 283 nm the embedded amount of drug
estimated.

The skin retention was calculated using the following
formula:

Skin retention (%) — amount of drug emheddefi in Strat —M”Membmnesx 100
Total drug incorporated

In vivo studies

While performing animal studies, the Committee for
Control and Supervision of Experiments on Animals
(CPCSEA) guidelines issued by the Government of India
followed. The animal ethical committee approved all the
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study protocol of ISF College of Pharmacy, Moga,
Punjab, India.

In vivo antifungal activity of gel

In developing a model of immunocompromised animals,
5 mg/kg/bodyweight of Cyclosporine, a calcineurin In-
hibitor, the injection was administered subcutaneously
in 450-500 g weighted male Guinea pig. Cyclosporine
was applied five times, i.e., 3 days before the injection of
fungal suspension and 2 days after the inoculation of the
suspension.

Preparation of Candida albicans inoculums

Candida albicans (Robin) Berkhout (ATCC® 10231™) was
utilized to inoculate fungal infections in the Guinea pig. Ini-
tially, it is necessary to prepare a culture strain. For this pur-
pose, sabouraud dextrose agar solution was used. The
Candida albicans were inoculated in it for 48 h for 37°C.
The expressed cells were collected and resuspended in sterile
saline. It was making sure that the final concentration in the
sterile saline must be 10” colony-forming unit/mL (cfu/mL)

Initiation of fungal infection in the skin

Before shaving the animals back, it is necessary to ana-
stasis the animal using 5-10 mg/k IM Ketamine. The
back was shaved using NOVA Electric Trimmer Clipper.
The total surface area trimmed was 3.0 cm?. Each animal
body back surface area was inoculated with 107 cfu/mL
of Candida albicans dispersion using a sterile cotton
swab (socked in 70%v/v ethanol). The swab was rubbed
on the surface of anesthetized animals unless and until
no fluid certain in the animal body surface. Further, ani-
mals were caged separately. Animals were observed from
time to time, and the sign of intense erythema was in-
vestigated into the site on the animal body.

Treatment of Candida albicans-induced infection

Once the symptoms of infections were palpable, the
treatment would begin. The animals were devised into
four groups. Each group contains four animals. The first
group was treated with marketed B-Fine gel, equivalent
to 5.8 mg of terbinafine hydrochloride (sample A);
the second group was treated with terbinafine hydro-
chloride-loaded glyceryl oleate ufasomes, equivalent to
5.8 mg of terbinafine hydrochloride (sample B); the
third group was treated with 5.5 mg of terbinafine
hydrochloride, which was sprinkled on the surface of
exposed skin (sample C); and finally the fourth group
was exposed with the pH 5.5 phosphate buffer solu-
tion, which is considered a controlled group (sample
D). Before applying samples from A to D in animal
skin, one animal from each group was sacrificed to
check the initial colony count (day 0), as prescribed
in Aggarwal and Goindi [29]. For the 3 alternative
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days, animals were ingested with treatment once in a day.
For the measurement of the colony count, 24 h after the
last treatment, each animal from each group was sacrificed
(day 1), subsequently after 72 h (day 3) and 120 h (day 5);
the same procedure was followed for each and every
group. Further, the treatment skin was separated from the
animal body and carefully soaked in saline solution and
homogenized. An aliquoted portion of homogenate was
placed in sabouraud dextrose agar (SDS) plats for 48 h at
37 °C, and colony-forming unit (cfu) value was recorded
using digital colony counter (J. S. Enterprises, New Delhi,
India).

Statistical analysis

Using analysis of variance (ANOVA), the treatment
group was analyzed with a controlled group. The mul-
tiple comparison test of ANOVA was performed in
GraphPad Prism v.7.0 (San Diego, Canada). All the re-
sults were expressed in mean + SD. The p value <0.05
was considered significant.

Result

Morphological characterization of glyceryl oleate
ufasomes of terbinafine hydrochloride

The shape and morphology of ufasomes were deter-
mined by using motic compound microscope (BA210
LE, Germany) and transmission electron microscopy
(JEOL Transmission Electron Microscopes, USA). The
optimized ufasomes were stained using sulforhodamine
B solution (sulforhodamine B solution previously pre-
pared using 0.5% solutions of acetic acid and water) for
the motic microscopic studies. The motic image of gly-
ceryl oleate ufasomes of terbinafine hydrochloride was
shown in Fig. la, and the TEM image of the same as
shown in Fig. 1b. The two images clearly indicating pre-
pared ufasomes were spherical in shape and size is below
500 nm.
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Globular size, percentage drug entrapment efficacy, and
colloidal nature of ufasomes

Prepared ufasomes of terbinafine hydrochloride charac-
terized by zeta potential, drug entrapment efficacy, poly-
dispersity index, and particle size. Table 1 represents the
process of optimization. In the process of optimization,
it was observed that UF3 formulation was found to be
statistically significant (The p value < 0.05) as compared
to other formulations. From the Table 1, it is signifying
that drug-glyceryl oleate 3:7 molar ratio of UF3 formula-
tion possessed with optimum globular size 376.5 + 0.42
nm (Fig. 2a) with more stable anionic zeta potential -
33.37 £ 0.231 mV (Fig. 2b). Another interesting fact that
is observed is the increased molar ratio of glyceryl oleate
after UF3 formulation decreases the entrapment of the
ufasomes. It is due to the increase in the concentration
of drug in the bilayer of ufasomes. Moreover, the higher
anionic zeta potential of UF4 and UF5 also would be the
reason for instability in these formulations. Further
addition of drugs could lead to instability within the ufa-
somes molecule, and subsequently leakage would be
palpable. Since UF3 was showing excellent colloidal sta-
bility and least particle size among all the beaches, hence
it could be anticipating that UF3 would have good skin
penetration behavior.

Differential scanning calorimetry (DSC)

Thermal behavior and drug lipid conjugation can be
identified using DSC analysis. The thermogram of the
drug, blank ufasomes, and drug-loaded ufasomes was
shown in Fig. 3. A sharp endothermic peak of terbinafine
hydrochloride at 178.43 °C indicating the melting of the
drug. Most importantly, no characteristic drug peak was
found in drug-loaded ufasomes of glyceryl oleate, mean-
ing the drug was possibly encapsulated or entrapped in
glyceryl oleate vesicles, which is justifying the higher en-
trapment efficacy of UF3-optimized formulation. It was

ufasomes of terbinafine hydrochloride at 80 kV and x 50,000

Fig. 1 a The yellow circles indicating the formation of ufasomes in the slide. b Transmission electron microscopy (TEM) image of glyceryl oleate
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Table 1 Optmization of ufasomes of terbinafine hydrochloride (where value represented in mean + SD [n = 3])
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Formulation code Terbinafine hydrochloride Globular size (nm) Zeta potential (mV) PDI Drug entrapment (%)
to glyceryl oleate

UF1 55 610.1 £ 037 —2658 £032 0.527 + 0.043 4529 + 0.27

UF2 4:6 5423 +0.22 —2852 +£021 0403 + 0.037 4828 + 0.18

UF3 3:7 376.5 +£ 0.42 —33.37 £ 0.231 0.348 + 0.0345 52.45 + 0.56

UF4 2:8 4236 + 042 —3427 £0.11 0427 +0.0378 4256 + 035

UF5 1:9 5104 + 0.29 —3821 £ 045 0528 + 0.053 3867 £0.05

also observed that melting enthalpy and peak intensity
were changed marginally for UF1, UF2, UF4, and UF5
formulations; this could be due to the lower entrapment
of the drug molecule within the formulation. However,
no such shift was observed when optimized UF3 was
compared with blank glyceryl oleate ufasomes, indicating
highly stable formulation.

In vitro drug release study

Dialysis tubing cellulose membrane with flat width 10
mm (0.4in.) used to carry out in vitro drug release
study. The in vitro drug release profiling from UF1 to
UF5 is mentioned in Fig. 4. The drug release profiles
from different formulation batches, suggesting that a
minimum 38.48% cumulative drug release was witnessed
in UF2 formulation. Where else, a maximum 55.48% cu-
mulative drug release was seen in UF3-optimized formu-
lation after 30 h. The drug release kinetics is depicted in
Table 2. Almost all the formulation was showing zero-
order release kinetics; since, the R* value in the zero-
order model was showing a maximum. The Korsmeyer-
Pappas release exponential (n) was leading the amount
from 0.356 to 0.432, which indicates diffusional release

kinetics in UF1 to UF2 formulations. However, UF3 for-
mulations have shown entirely zero-order kinetics (R* =
0.9926). Nevertheless, from Fig. 4, it is indicating that
during 15-25h of drug release, the formulations (UF1—
UF5) are showing maximum zero-order kinetics.

In vitro antifungal activity of applied ufasomes in animal
skin

In Fig. 5, the antifungal activity of UF1 to UF5 was re-
ported against Candida albicans. The zone of inhibition
is not witnessed in the controlled group. However, it
was noticed that a sharp increase in the zone of inhib-
ition seen in plain terbinafine hydrochloride up to the
36th hours as compared to the ufasome formulations
(UF1-UF5). But from the 48th hours onwards, the zone
of inhibition decreased in plain drug; however, for al-
most all the ufasome formulations (UF1-UF5) a sharp
increase in zone of inhibition perceived from the 48th
hour. This is due to the diffusion-controlled release of
the drug from the ufasomes surface after the 48th hour.
Once again, UF3 was showing the highest zone of inhib-
ition (21.2 mm) claimed to be an optimized formulation
among all the formulations.
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Fig. 3 DSC thermograph of terbinafine hydrochloride showing a sharp endothermic peak at 17843 °C (reported melting point > 202 °C),
indicating melting of the drug, in case of blank glyceryl oleate ufasomes, apart from the sharp melting point at 51.45 °C; a less intense peak was
observed in 304.43 °C; however, no characteristic drug peak was observed in drug-loaded ufasomes of glyceryl oleate
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In vitro skin permeation of optimized UF3 ufasomes

In vitro skin permeation studies were exercised on a
non-animal-based model called 47 mm 60/pk Strat-M°
membrane (Millipore, Canada), which was specially de-
signed to mimic human skin. The In vitro skin permeation
study performed in Franz diffusion cell (Dolphin Phar-
macy Instruments Private Limited, India). From Fig. 6 it is
clear that UF3 formulation had a less penetration in Strat-
M® membrane compared to B-Fine-marketed formulation.
The drug permeation of UF3 is less, i.e.,, 15.78 + 1.21% at
the 24th hour; that means it has more retention index
within the skin. The drug permeation of UF3 was low be-
cause the presence of glyceryl oleate in ufasomes increases
the drug retention within the pours of Strat-M°® mem-
brane. The drug permeation from the B-Fine marketed
cream is more because the formulation did not have any
carrier system to hold the drug within.
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Ufasome formulation code Higuchi (R?) Zero-order (R?) First-order (R?) Korsmeyer-Pappas release exponential (n)
UF1 0.293 0.9638 0.943 0.356
UF2 0305 0.9561 09728 0363
UF3 0.356 0.9926 0.9864 0.432
UF4 0327 0.9835 09729 0.398
UF5 0305 0.9802 0.9629 0374

Skin retention of UF3 formulation and B-fine marketed
cream

From the previous in vitro skin permeation experiment, it
was confirmed that optimized glyceryl oleate ufasomes of
terbinafine hydrochloride (UF3) possessed a drug reservoir
effect in Strat-M° membrane. The percentage of terbina-
fine hydrochloride deposition was compared with B-Fine
marketed formulation. The amount of drug retained in
UF3 formulation in the 24th hour was 62.56 + 0.64%,
where else B-Fine marketed gel shows 14.52 + 1.43% in
the same hour. Figure 7 showing skin retention studies.

In vitro antifungal activity studies against Candida albicans

As described earlier, the in vitro antifungal activity of
terbinafine hydrochloride, UF3, and B-Fine marketed for-
mulation was determined by persuading Candida albicans
based on infection in animal skin. From Fig. 8, it was indi-
cated that UF3 has prominent antifungal activity against
Candida albicans as compare to B-fine marketed formula-
tion and terbinafine hydrochloride plain drug. At initial day
0, almost all the groups were showing the same colony

count (6.25logcfu/mL), which indirectly indicates that
Candida albicans initialized fungus infections in the dermal
layer of animal skin. Once the fungal progression was con-
firmed in the skin, the treatment process was ignited for
successive days. On the 1st day, the controlled group was
showing marginal growth in colony count (6.88log cfu/
mL), which is due to the propagation of Candida albicans
in pH5.5 phosphate buffer solution. On the other hand,
due to the immediate release of terbinafine hydrochloride
from the skin surface, on the first day, the plain drug (4.25
log cfu/mL) and B-Fine marketed gel (3.58 logcfu/mL)
were showing good affectivity against Candida albicans. In
the case of UF3 formulation, colony count was showing
higher as compare to B-Fine gel in the 1st day (4.05 log cfu/
mL). This phenomenon could be due to the lower amount
of drug release from vesicular dispersion of UF3. The pres-
ence of glyceryl oleate in ufasomes retards the drug release.
Further, after 72h or the 3rd day, the colony count was
started increasing drastically in plain drug (5.45-6.03 log
cfu/mL), and B-Fine marketed-induced treatment (3.98—
4.84 log cfu/mL), producing fewer significant statistics as

3 Terbinafine Hydrochloride 3 Terbinafine Hydrochloride
] = ur ?25' UF2
E E
= =
(=} o
8 a8 R "
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£ = 25—
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Fig. 5 In vitro antifungal activity of UF1-UF5 formulation. As expected, UF3 was showing excellent against Candida albicans. Values were
expressed as mean + SD (n = 3)
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Fig. 6 In vitro skin permeation of optimized UF3 and B-Fine
marketed gel. Values are articulated as mean + SD (n = 3)

compared to the controlled group. The multiple compari-
son two-way ANOVA and Tukey test statistics were per-
formed by GraphPad Prism 8.0 software. Super increase in
colony count in plain drug and B-Fine marketed gel was
due to the excessive release of the drug after the 1st day.
Hence, no drug was available for further action (p < 0.05).
In 5th day, there is significant declined (p < 0.05) in colony
count (1.12logcfu/mL) in UF3-treated skin, indicating

B-Fine Marketed gel
3 UF3

%Drug retained in Strat-M® Membrane

.

&

S

Fig. 7 Percentage drug retention of UF3 and B-Fine marketed
formulation in Strat-M® membrane
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reserve ware effect of glyceryl oleate ufasomes, and there-
fore, therapeutic efficacy of UF3 was found to be better as
compared to plain drug and B-Fine marketed drug.

Discussion

Ufasomes are unsaturated fatty acid suspensions that
have lipid bilayer and a fatty acid composite [30]. So far,
very few researches have been carried out in this direc-
tion. Many lipid-based formulations could be developed,
i.e., liposomes, exosome, noisome, and ethosome for
such studies [31]. However, ufasome formulations have
many advantages than the other lipid-based formula-
tions, i.e., ufasomes are highly penetrable as compared
to similar lipid-based formulations; furthermore, as far
as the entrapment efficacy is concerned, ufasomes de-
picts higher entrapment percentage as compared with
analogous lipid-based formulations [32]. This is because
the drug itself configured with lipid to form stable fatty
acid vesicles. But this manuscript is entitled to provide
ufasome-based drug delivery of terbinafine hydrochlor-
ide (2% w/w) for the treatment of Candida albicans fun-
gal infection [33]. By utilizing the thin-film hydration
method, terbinafine hydrochloride ufasomes are pre-
pared in a round bottom flask. During the preparation
process, it observed that a 3:7 ratio of drug and glyceryl
oleate produces the best qualitative ufasomes. The cat-
ionic nature of optimized ufasomes (UF3) witnessed
from the optimized zeta potential, i.e., 33.37 + 0.231
mV, which indicates the prepared ufasomes are having
excellent physical stability with little agglomeration.
From the DSC analysis, it confirmed that drugs started
melting at 178.43 °C. However, no such peak persisted
in prepared ufasomes while analyzing the DSC graph,
which indicates glyceryl oleate vesicles encapsulated
drugs consistently. It was also a parameter that shows
physical stability and possible higher entrapment efficacy
of the prepared ufasomes. From the in vitro drug release
studies, it was confirmed that a maximum 55.48% cumu-
lative drug release was seen in UF3-optimized formula-
tion after 30 h with zero-order kinetics. From the in
vitro antifungal activity of applied ufasomes in animal
skin, it was confirmed that UF3 was showing the highest
zone of inhibition (21.2 mm) claimed to be an optimized
formulation among all the formulations. Nevertheless,
from the in vitro antifungal activity studies, it confirmed
that almost all the formulations have a higher zone of
inhibitions compared to the plain drug, which indicates
a robust antifungal activity of the prepared ufasomes.
The unique feature of this study was utilization of Strat-
M° membrane (Millipore, Canada) for in vitro skin per-
meability studies. Surprisingly, drug retention in Strat-
M® membrane was found to be higher as compared with
the B-Fine marketed gel, which indicates prepared ufa-
somes had less permeation within the skin and have an
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Fig. 8 In vitro antifungal activity of terbinafine hydrochloride, B-Fine gel, and UF3. Values expressed as mean + SD (n = 3), where **p < 0.05 UF3

excellent qualitative carrier system within. From the dif-
fusion studies, the zero-order drug release nature of the
formulations was identified, which means formulation
could retain in the skin and release drug sustainability.
From this study, one more thing is more prominent, i.e.,
the presence of glyceryl oleate in ufasomes produces res-
ervoir effects. Finally, from the in vitro antifungal activity
studies against Candida albicans, it was confirmed that
optimized formulation (UF3) provides higher antifungal
activity against the marketed drug. Therefore, UF3 for-
mulations were found to be the best candidate to trigger
the antifungal effect against Candida albicans-induced
associated fungal infections.

Conclusion

The effect of size in drug delivery, effective drug to lipid
ratio, entrapment efficacy was studied in current re-
search. For the in vitro skin permeation and in vitro an-
tifungal activity studies, plain drug and vesicular
dispersion of drug was compared with the marketed for-
mulation. After the induction of cutaneous candidiasis
in rats, the research revealed that ufasomes of glyceryl
oleate produces good antifungal activity after 5days of
study. Therefore, ufasomes were found to be more ef-
fective as compared with the marketed product. More-
over, the FU3 formulation was found to be the
optimized formulation. Due to the presence of glyceryl
oleate in ufasomes, it has become an excellent drug de-
livery carrier for any antifungal drugs. Glyceryl oleate
could quickly form droplets in the skin to easily be

distributed and penetrated within the skin. However,
more research needs to be warranted to prepare
cationic-based ufasomes for better stability. From this
research, it concluded that UF3 could be effective
against Candida albicans-induced associated fungal
infections.
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