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Abstract: Miconazole nitrate (MCNR), an antifungal drug, is used to treat superficial infections. The
objective of the current study was to assess the antifungal effectiveness of MCNR-loaded transethoso-
mal gel (MNTG) against Candida albicans in an in vivo rat model. The outcomes were compared with
those of the miconazole nitrate gel (MNG) and marketed Daktarin® cream (2%) based on histopatho-
logical and hematological studies. The results of the skin irritation test revealed the safety profile of
the MNTG. The MNTG demonstrated the greatest antifungal activity in the histological analysis and
the visible restoration of the skin, and the rats revealed an apparent evidence of recovery. Compared
to the untreated group, the treated group’s lymphocyte and white blood cells counts increased, but
their eosinophil counts decreased. In conclusion, MNTG exhibited the greatest antifungal activity,
which might be connected to the improved skin permeability of the transethosome’s nanosized
vesicles. Therefore, it could be considered a promising carrier for topical usage and the treatment
of cutaneous candidiasis. More clinical research needs to be performed in order to demonstrate its
effectiveness and safe usage in humans.

Keywords: miconazole nitrate; antifungal efficacy; transethosomal gel; in vivo evaluation; histopathology;
hematology; public health

1. Introduction

Fungal infections are one of the most serious dermatological disorders carried by
different types of pathogenic fungi. Over 25% of the world’s population suffers from fungal
infections [1]. The root cause of the fungal infection identified as candidiasis is a fungus
that looks like yeast called Candida. Some kinds of Candida can infect people; Candida
albicans is the most widespread. Without causing any distress, Candida usually resides on
the skin as well as in bodily parts like the throat, mouth, vagina, and gut. When Candida
overgrows or invades internal organs like the kidney, heart, or brain, for instance, or the
circulation, it may result in infections [2]. Candida infection is referred to as candidiasis or
candidosis [3]. Currently, one of the most challenging diseases to treat in humans is fungal
infection. Patients with severe underlying conditions (e.g., cancer) or immunocompromised
patients are at a greater risk of developing invasive and fatal fungal infections [4]. More
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than 300 million individuals worldwide are believed to have a deadly fungal infection that
has killed 1.4 million people a year, with Aspergillus and Candida species accounting for
the majority of infections [5]. Although superficial mycosis is the most widespread fungal
infection [6].

Antifungal medications of many types are offered to treat invasive cutaneous as
well as fungal infections on the skin. Only a few types of antifungal medications are
available despite an increase in the occurrence of fungal infections, predominantly in
immunocompromised individuals, and they show only little success in the management of
infections that pose a serious threat to life. Azoles are some of these medications [7].

Treatment for candidiasis is provided by the broad-spectrum antifungal drug mi-
conazole nitrate (MCNR), which belongs to the imidazole group. MCNR has minimal
systemic effectiveness because of its inadequate water solubility (less than 1 µg/mL) and
extensive hepatic transformation [8]. The drug’s systemic delivery can also cause patients
to experience some of the renowned adverse pharmacological reactions, such as nausea,
abdominal pain, bloating, and vomiting. The mechanism of action of MCNR depends on
the suppression of ergosterol production, which leads to the lysis of fungal cell membranes
and the suppression of peroxidase, which causes a buildup of peroxide inside the cell and
cell death [9]. Due to inadequate skin penetration, the topical administration of MCNR is
troublesome in the treatment of cutaneous disorders. To evade this problem and formation
for inadequate permeability, conventional formulations have to be taken at higher doses.

Lipid vesicles have recently received a lot of focus as carriers for topical medications
because they are able to circumvent the skin’s innate barrier functions [10]. The incredibly
flexible vesicles known as transethosomes have a bilayer structure. They can readily squeak
across the intracellular lipid of the stratum corneum to infiltrate the skin and defeat the
barrier function [11]. Transethosomes are an innovative method of drug administration
that is frequently used for topical treatments. Transethosomes are vesicular carriers that
are flexible and soft. Transethosomes are made up of ethanol, edge activators, and phos-
pholipids. Transethosomes are spherical and uneven, and have a higher degree of elasticity
and skin permeation/penetration. This is attributed to the lipid bilayer of these vesicle
changes as a result of the interaction between the ethanolic effect and an edge activator
or surfactant [12]. Different permeability enhancers and edge activators are employed to
generate transethosomal systems with improved characteristics [13].

MCNR is suggested to be formulated in a topical dosage form in order to get over
these limitations [14]. Owing to the fact that transethosomes have a higher drug pene-
tration across the skin into subcutaneous tissues and a higher entrapment efficiency than
other vesicular carriers such as niosomes and liposomes, their usage in topical systems
for drug delivery is growing [15]. Due to the transethosomes’ small size and ability to
distort the skin obstruction and subsequently pass through the skin layer’s confined in-
tercellular space intact, they have a greater potential for drug administration. The high
ethanol content permits the transethosomes to disrupt the lipid bilayer, which makes the
skin more malleable and makes it easier for drugs to be absorbed [16]. In addition to
transethosomes’ deformability, its high content of ethanol permits the lipid membrane to
organize less densely than in ordinary vesicles without impacting the structures’ durability
and elasticity [17]. Moreover, transethosomes components are non-invasive, safe, and now
authorized for use in pharmaceuticals [18].

Transethosomes can entrap a variety of lipophilic, lipophobic, and amphiphilic medi-
cations, peptides, proteins, and other active medicinal components [19]. It is possible to
administer these transethosomes that are drug-entrapped in semisolid dosage forms like
gel and cream. In cases of fungal infections, topical therapies are suggested as opposed
to systemic ones. Transethosomes have been discovered to offer a potential advantage
for the topical and transdermal delivery of antifungal medications for localized fungal
infections of the skin. Drugs can be given directly to the area of localized infections using
topical preparations in a controlled drug delivery profile. The drug can avoid the hepatic
first-pass metabolism since it is not absorbed into the systemic bloodstream from the gut.
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Patient compliance may additionally be enhanced by providing a less complicated drug
distribution route [20].

Based on our previous study, MCNR-loaded transethosomes (MCNR-TEs) were pre-
pared and physicochemically characterized [21]. MNTG was safe and a non-irritant, and
exhibited an increased in vitro antifungal activity against Candida albicans. Therefore, the
aim of this study was to investigate the antifungal efficacy of MNTG against Candida albicans
in an in vivo rat model. Histological examinations and the in vivo therapeutic effectiveness
of the formulations were evaluated.

2. Results and Discussion
2.1. Patch Test (Skin Irritancy Test)

Pharmaceutical products are usually administered topically. A variety of skin reactions
such as itchiness or allergic reactions might happen including redness, edema, leaking,
scaling, and crusting. When developing a pharmaceutical product, it is important to ensure
that all of its ingredients are safe to use on the skin [22]. One experimental in vivo method
for determining a pharmaceutical product’s capacity to irritate the skin is the 24 h patch
test [23]. It has also been shown that a patch test works better to anticipate skin sensitization
reactions than a visual estimation of the inflammatory response [24]. The investigation on
skin irritation was executed on healthy albino rats.

By performing skin irritation tests on healthy Wistar albino rats (females), the potential
for skin irritation of MNG, MNTG, and the marketed cream (Daktarin® cream 2%) was
identified. The skin irritancy potential was evaluated by observing the progression of
edema and erythema on rats’ skin. The primary cutaneous irritancy index score for MNG,
MNTG, and the marketed cream (Daktarin® cream 2%) was analyzed as shown in Table 1.

Table 1. Comparison of primary cutaneous irritancy index after application of MNG, marketed cream,
and MNTG.

Time (h)
MNG Marketed Cream MNTG

Erythema Edema Erythema Edema Erythema Edema

0 h 0 0 0 0 0 0
24 h 1 1 1 0 1 1
48 h 3 4 0 2 0 0

Mean ± SD 1.3 ± 1.57 1.6 ± 1.20 0.3 ± 0.21 0.6 ± 0.18 0.3 ± 0.04 0.3 ± 0.05

Primary
cutaneous
irritation

index

2.9 0.9 0.6

Abbreviations: MNG, miconazole nitrate gel; MNTG gel, miconazole nitrate transethosomal gel.

According to skin irritation test, the transethosomal gel formulation was harmless
to rat skin. On the rat’s skin, erythema and edema started to appear. The rats in group
V (treated with MNTG) did not exhibit any serious erythema or edema development
symptoms over the entire 48 h period. The rats in group III (treated with MNG) displayed
severe edema and moderate erythema signs after 48 h. However, rats in group IV (treated
with the marketed cream) showed minor edema. The primary cutaneous irritancy index
scores for MNG, the marketed cream (Daktarin® cream 2%), and MNTG were determined
to be 2.9, 0.9, and 0.6 respectively, as demonstrated in Table 1. The rat skin after the
application of MNTG, MNG, and the marketed cream is shown in Figure 1.
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Figure 1. Rats’ skin after application of MNG (A), marketed cream (B), and MNTG (C).

The data were subjected to a paired sample t-test and a two-way ANOVA. A significant
difference between MNTG, MNG, and the marketed cream was observed. Compared to a
usual irritant, MNTG’s irritancy score was significantly reduced (p ≤ 0.05).

This may be due to intact vesicles penetrating deeply and reducing miconazole nitrate
molecules’ direct contact with skin. In other words, the nanocarriers shielded the skin from
miconazole nitrate’s direct cutaneous contact. It may be concluded that the formulated
MNTG is less of an irritant, well-tolerated, and secure for skin application.

2.2. Treatment Effect of the Gels

The assessment of an antifungal’s efficacy is frequently carried out using Candida
albicans [25]. Figure 2 demonstrates the difference in animal skin before and after inducing
a fungal infection, as well as a comparison of the skin following the treatment with MNG gel,
the marketed cream (Daktarin® cream 2%), and MNTG (transethosomal gel) for 10 days.

All animals displayed a normal skin structure prior to the induction of a cutaneous
fungal infection, devoid of any clinical signs of fungal infection, such as swelling, edema,
color changes, or cracking, as illustrated in Figure 2. The animals displayed red patchy
areas, inflammation, scaling, edema, and skin cracking after the induction of the fungus.
The infected rats were examined daily for indications of infection. The day after the
subsequent instillation of the Candida albicans suspension in all of the animals, the first
symptoms of infection in the form of skin redness were noticed. On the third day, it was
more pronounced as scaling and obviously distinct skin redness.

After five days of treatment, the infection site showed signs of shedding of the infec-
tious scales, revealing skin that was light pink in color. There were no significant changes in
the structure of the skin after MNG gel treatment. The edema and inflammation accompany-
ing the irritation decreased after 10 days of treatment with the marketed cream (Daktarin®

cream 2%), but the scars still remained. The MNTG, on the other hand, demonstrated
normal skin after 10 days of treatment, as shown in Figure 2.

When compared to other formulations, the treatment for a fungal infection using the
MNTG demonstrated a significant reduction in fungal infection, signifying that it is a more
effective remedy. The outcomes of an in vivo antifungal trial revealed that the MNTG
was more effective in eradicating Candida albicans-induced infections and minimizing its
symptoms. This might be due to the drug’s increased ability to pierce deeper layers of skin,
increasing its capability to remain in the skin. Drug retention in the skin is also influenced
synergistically by the presence of the edge activator (oleic acid). The combined effects of
the edge activator and ethanol, which function as permeation enhancers, increased the
effectiveness of permeation even more. In contrast, due to the non-flexibility of the gel
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formulation, it is restricted to the stratum corneum surface layers and does not penetrate
deeper areas of skin [20].
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Figure 2. Rats’ skin before and after induction of fungal infection and after treatment with MNG
gel (Group III), marketed cream (Daktarin® cream 2%) (Group IV), and MNTG (transethosomal
gel) (Group V) for 10 days. Group I showing the rats’ skin of normal animals without any infection.
Group II showing the rats’ skin after induction of infection without any treatment.

According to these findings, the antifungal activity of the formulations studied above
is in the following order: Transethosomal gel (MNTG) > Marketed cream (Daktarin® cream
2%) > MNG gel.

2.3. Histological Examination

The histopathological analysis is another aspect that provides proof for the test of
antifungal activity. Similar to this research study, Zhang et al. employed the H&E approach
to evaluate the effectiveness of the treatment they used in their investigation of skin
wounds [26]. In this investigation, like in Wahedi et al. [27], the histological aspects were
evaluated using H&E for the improved condition of skin tissue following a cure for a fungal
infection. All five groups’ slides were examined using a compound microscope.

A histopathological examination was carried out on healthy albino rats’ skin (negative
control) and infected rats’ skin. The histological images of group I (negative control,
non-infected), group II (positive control, infected, without receiving treatment), group III
(infected and treated with MNG), group IV (infected and treated with the marketed cream),
and group V (infected and treated with MNTG) are shown in Figure 3.
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Figure 3. Histopathological images of rats’ skin of Group I (non-infected + normal), Group II
(infected + untreated), Group III (infected + treated with MNG), Group IV (infected + treated with
marketed cream), and Group V (infected + treated with MNTG) at magnification 40×.

The negative control group (group I), as anticipated, presented a normal histological
texture of the skin in the stained areas in 10 days of investigation. The dermis and epidermis
layers of the skin of normal animals (Group I) were even, with no changes to the skin’s
natural structure (marked with blue and black arrow). The blood vessels, collagen bundles,
hair follicles, and sebaceous units were all visible in their usual sizes and shapes on the
stained sections of a normal rat. Second, the infection-induced group (group II) experienced
various pathological incidents, such as focal acanthosis (green arrow) with a trivial compact
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hyperkeratosis layer (red arrow), during the course of the 10 days but showed no recovery.
The dermis layer had extensive, chronic inflammation, and the infiltration of inflammatory
cells and the necrotic tissue region at the same moment as fungal hyphae appeared in the
overlying epidermal layer (black arrow); and focal interface dermatitis (marked by blue
arrow) also became visible. Third, after 10 days of treatment, the MNG-treated group
(group III) exhibited only a very minor improvement. They demonstrated a slow recovery
to normal skin morphology but did not completely eliminate inflammatory cells and
recover the normal skin structure, as illustrated in Figure 3. The dermis and epidermal
layer improved over the course of 10 days in the fourth group (group IV), which received
treatment with the marketed cream (Daktarin® cream 2%), with the exception of the skin
appendages and focal acanthosis in H&E-stained segments.

Fifth, in the MNTG-treated group (group V), the skin tissues were fully recovered
and showed considerable improvements in terms of rehabilitation from fungal infection.
Group V demonstrated full restoration, a nearly normal tissue appearance, and a uniform
morphology of skin in the dermis and epidermis layers, which may be associated with the
transethosomes’s ability to penetrate multiple skin layers due to their nano-size to speed
up the treatment of a fungus infection [28,29]. Moreover, edge activators’ inclusion in the
chemical makeup of transethosomes improves skin penetration by making the transethoso-
mal lipid bilayer more fluid and, thereby, making it easier for them to squeak into the skin
pores [30,31]. Additionally, the high ethanol content increases skin permeability through
two different processes: first, it intermingles with stratum corneum lipid molecules, altering
their packaging of skin lipids and resulting in an upsurge in their permeability and fluidity;
second, it makes transethosomal lipid bilayers more flexible and enhances their fluidity,
which improves their ability to penetrate skin [32]. This enables a great permeability of
MCNR in the case of MNTG, in contrast to the marketed cream (Daktarin® cream 2%) and
MNG, which contain free drug and have a low ability to penetrate the skin [33].

2.4. Hematological Analysis of Total and Differential WBC Count

To ascertain the test animals’ immunological condition, a hematology investigation
was performed. In normal, infected, and treated groups of rats, the total and differential
counts of WBC were assessed.

In the current study, the treated group’s mean WBC count was significantly higher than
that of the untreated group, as demonstrated in Table 2. It is tempting to speculate that the
MNTG protects rats from Candida albicans infection since the elevated WBC count suggests
a normal state and indicates the absence of infection. In the differential count, lymphocytes
were higher in number in the treated group than in the untreated group. When compared
to the untreated and infected groups of rats, the lymphocytes were more abundant in the
treated and normal groups of rats. After immunosuppression with prednisolone (5 mg/kg
body weight), the lymphocytes in the untreated and infected groups of rats drastically
decreased. The eosinophil count, however, displayed a contrary trend, as represented in
Table 3.

Table 2. White blood cell (WBC) counts in normal, infected, and treated groups (mean ± standard
deviation, n = 6).

Subject White Blood Cells/mcL

Group I (normal) 9800 ± 145
Group II (infected + untreated) 4300 ± 265

Group III (infected + treated with MNG) 6700 ± 318
Group IV (infected + treated with marketed cream) 8800 ± 256

Group V (infected + treated with MNTG) 9500 ± 240
Note: The values of six animals in each group are expressed as the mean ± standard deviation (significant at level
of 5%).
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Table 3. Differential white blood cell (WBC) counts in normal, infected, and treated groups
(mean ± standard deviation, n = 6).

Subject Lymphocytes (%) Eosinophils (%)

Group I (normal) 43 1
Group II (infected + untreated) 15 6

Group III (infected + treated with MNG) 30 3
Group IV (infected + treated with marketed cream) 37 2

Group V (infected + treated with MNTG) 41 2
Note: The values of six animals in each group are expressed as the mean ± standard deviation (significant at
level of 5%).

The average gap between cells in the skin, according to Kaur et al., 2017b [34] and
Kaur et al., 2017 [35] is 70 nm. Typical semisolid therapies, such as creams and lotions,
permeate the skin more slowly. Transethosomal gel instantly penetrates the skin, delivering
the active ingredients deeper and quicker, treating the infection, and normalizing the skin
condition [34,35].

3. Materials and Methods
3.1. Materials

MCNR was provided by ATCO Laboratories Limited, Karachi, Pakistan. Daktarin®

cream was bought from Fazal Din Pharmacy (FDP), Bahawalpur, Pakistan. Oleic acid,
triethanolamine, methanol, chloroform, and ethanol were purchased from Sigma Aldrich
(St. Louis, MO, USA). Lecithin was a gracious present from Lipoid GmbH (Ludwigshafen,
Germany). Sabouraud dextrose agar was obtained from Thermo Scientific TM (Waltham,
MA, USA). Carbopol-934 was acquired from Merck KGaA (Darmstadt, Germany). Formalde-
hyde was provided by DAEJUNG, Ltd. (Siheung, Republic of Korea). Double-distilled
water was manufactured using a Milli-Q Gradient A10 System (Millipore, Billerica, MA,
USA) in the Pharmaceutics Lab of Islamia University of Bahawalpur, Pakistan. Candida
albicans with ATCC 10231 was procured from LABNOSTIX LTD (Warrington, UK).

3.2. Preparation of Miconazole Nitrate (MCNR) Transethosomal Formulation

Miconazole-nitrate-loaded transethosomes (MCNR-TEs) were prepared using the con-
ventional thin-film hydration method with the same conditions employed in our previous
study [21]. Briefly, in a dry round bottom flask, MCNR (100 mg) was added together with
85 mg of lecithin and 15 mg of oleic acid in a 3:1 mixture of chloroform and methanol.
The organic solvents were vaporized through a rotary evaporator (Heidolph, Kelheim,
Germany) set to 60 rpm, under low pressure, and, at 55 ◦C, a thin lipid film was created on
the wall of the round-bottom flask. The film was then hydrated using a phosphate buffer
solution (pH 5.5) and ethanol for 1 h at 100 revolutions per minute at room temperature.
The preparation was then sonicated for 15–20 min to reduce the size of the particles before
being stored at 4 ◦C for further research [25].

3.3. Preparation of Transethosomal Gel and MCNR Gel

The transethosomal gel containing miconazole nitrate (MNTG) was formed using
1.5% w/w carbopol-934 as a gelling agent [36]. Triethanolamine (0.05% w/w) was added
dropwise with continuous homogenization until a transparent gel with a pH range of
5.5 to 6.5 was produced. The MCNR-TEs was smoothly added to the gel while being
uninterruptedly mixed with a homogenizer to produce a homogenous gel formulation
including transethosomal vesicles [21].

The identical procedure as described above was used to fabricate miconazole-nitrate-
loaded gel (MNG), with the exception of transethosomal formulation being replaced with
a simple solution of miconazole nitrate. MCNR was first dissolved in a small amount of
methanol to produce the miconazole nitrate solution, and then a homogenizer was used to
slowly add the methanolic solution to the gel [37].
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3.4. In Vivo Evaluation of MCNR Transethosomal Gel
3.4.1. Animals

The in vivo study was conducted using female Wistar albino rats weighing (110–130 g).
Animals were purchased from a local market in Bahawalpur, Pakistan. They were kept in
the Experimental Zone 2 Animal House in the Pharmacology and Physiology Research
Laboratory at the Islamia University of Bahawalpur, Pakistan. The procedures used comply
with the ethics and rules of the UK Animals (Scientific Procedures) Act of 1986. The
Pharmacy Animal Ethics Committee at the Faculty of Pharmacy, The Islamia University
of Bahawalpur in Pakistan gave its approval to all methods. Animals were appropriately
housed in polycarbonate cages with open access to water and a standard diet comprising
all necessary nutrients in conventional laboratory settings. The animals were kept in typical
laboratory environments, which included a temperature of 25 ± 2 ◦C. The cycle of twelve
hours of light and twelve hours of darkness was well kept-up, and artificial light was
given [38].

3.4.2. Experimental Design

The Pharmacy Animal Ethics Committee of the Islamia University of Bahawalpur in
Pakistan approved the current study. The issued registration number was PAEC/23/94.
Five groups were used to conduct this study. Each group contained six (n) rats and were
randomly divided as follows:

Group I served as the negative control group that was fungus-free (without fungal
infection);

Group II served as the positive control (fungal infected), without receiving any treat-
ment (untreated);

Group III included infected animals that underwent 10 days of topical treatment with
miconazole-nitrate-loaded gel (MNG);

Group IV included infected animals that underwent 10 days of topical treatment with
marketed cream (Daktarin® cream 2%);

Group V included infected animals that underwent 10 days of topical treatment with
miconazole-nitrate-loaded transethosomal gel (MNTG).

3.4.3. Patch Test (Skin Irritancy Test)

Before beginning the study, a 48 h irritation test was conducted on the rats’ skin to test
them for any sensitivity. This study was carried out for acute cutaneous irritation and cor-
rosion in accordance with the Organization for Economic Co-operation and Development
(OECD) test guidelines 404. Rat hairs (4 cm2) were removed 24 h before the experiment
from the experimental site using a hair removal cream. In this test, the rats from groups
III, IV, and V received applications of MNG, marketed cream (Daktarin® cream 2%), and
MNTG, respectively. Approximately 0.5 g of each test product was topically administered
to the skin’s surface for each group of rats. After 24 h, the test samples were removed, and
distilled water was used to clean the skin’s surface. The following day, at 0 h, 24 h, and 48 h,
the experimental sites were examined for skin irritation [39,40]. The primary cutaneous
irritancy index was calculated by combining the erythema and edema scores for each group.
Scores for the erythema ranged from 0 to 4, with 0 denoting no erythema or edema and 1, 2,
3, and 4 denoting very slight, slight, moderate, and severe erythema/edema, respectively.
The observations were recorded as numerical scores for each animal [41]. The mean scores
for erythema and edema, noted to be relying on the degree of erythema/edema, were as
follows: no erythema or edema = 0, very slight erythema or edema = 1, slight erythema or
edema = 2, moderate erythema or edema = 3, and severe erythema or edema = 4.

The MNTG scores were then compared to MNG and marketed cream scores.

3.4.4. Immunosuppressed Animal Preparation

Prior to being assigned to the experimental regimen, all animals were given a week
to acclimate under conventional animal house conditions. To test the effectiveness of
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the MNG, MNTG, and marketed cream (Daktarin® cream 2%) in curing deeper fungal
infections, immunosuppression was used to create an intense skin infection. Prednisolone
(5 mg/kg) given intravenously to rats for three days resulted in an immunosuppressive
state before a fungus infection was introduced [42].

3.4.5. Fungal Strain Preparation

Candida albicans was grown in sabouraud dextrose agar for 48 h at 35 ◦C in order
to cause cutaneous candidiasis in Wistar albino rats. Following the collection of yeast
colonies and their suspension in sterile saline, the final concentration of Candida albicans
was adjusted to give 106 CFU/mL [33]. According to the Clinical Microbiology manual, the
concentration of the cell suspensions was evaluated using a spectrophotometric approach
by detecting their turbidity at 530 nm [43].

3.4.6. Development of Fungal Infection

Each rat received an intradermal injection of 0.3 mL of a Candida albicans suspension
containing 106 CFU/mL in the middle of a shaved area on its exposed skin. The small
amount of edema on the injection site was removed by vigorously rubbing it. After 72 h,
the fungal infection was discovered in the suffering area [1,33]. To avoid skin-licking, the
animals were kept separately in their own cages.

3.4.7. Clinical Examinations

In order to spot any clinical signs of a fungal infection, all rats were monitored both
before and during the performance of tests. Rashes, red patches, white particles, scaling,
maceration, erythema, cracking, and pus-filled pimples were among the symptoms that
were seen and noted [1].

3.4.8. Histopathological Analysis

Rats were sedated before being sacrificed at the end of the studies. Ketamine was
utilized as an anesthetic. A 1:10 mixture of ketamine 0.2 mL/100 mg and xylazine 50 mg/kg
is used. Skin from the affected area was taken out, and secured with 10% formalin, and then
clogged with paraffin. Slides made from paraffin blocks with the use of a rotary microtome
(Bright Instruments 5040 Microtome, Hntingdon, Cambridgeshire, UK), were divided into
5 µm-thick cuts [44] and stained with hematoxylin–eosin dyes [45,46]. The assessment of
the various animal groups was carried out, and the outcomes were compared to control
groups. Using a compound microscope (Leica Microsystems, Wetzlar, Germany), the skin
samples were examined to identify the epidermal and dermal modifications as well as the
signs of inflammation [47].

3.4.9. Assessment of Blood Parameters

Blood was obtained in a glass vial containing anticoagulant (EDTA) on the tenth
day following the animals’ sacrifice in order to analyze the hematological parameters. A
standard technique was used to determine the total and differential counts of white blood
cells (WBC) in normal, infected, and treated groups of rats with Countess 3 Automated
Cell Counter (Thermo Fisher Scientific, Waltham, MA, USA) [48].

3.5. Statistical Analysis

The study’s findings were assessed statistically and scientifically using IBM SPSS
version 23. A two-way analysis of variance was conducted to determine variations in the
findings. The p-values necessitate being less than 5% (p ≤ 0.05) for the results to be deemed
statistically significant [49,50]. To analyze the total WBC count, (mean ± SD) were used.
Student t-tests were used to analyze the total WBC count (mean ± SD), and an ANOVA
one-way test was employed to analyze the differential count (at 5% significant level).
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4. Conclusions

Miconazole nitrate (MCNR) transethosomes were successfully produced via the thin-
film hydration approach and incorporated into carbopol-934 base gel to form transethoso-
mal gel. The MNTG demonstrated notable therapeutic success in the treatment of Candida
albicans-induced cutaneous candidiasis. Compared to the marketed cream (Daktarin®

cream 2%) and MNG, the MNTG demonstrated enhanced antifungal efficacy against Can-
dida albicans, with no signs of irritation, which confirmed the safety of MNTG for skin
application. The study’s findings indicate that the MNTG can be used as a topical drug
delivery system with improved antifungal efficacy. This suggests a way to get around the
higher doses of MCNR needed for distinctive topical administration, systemic side effects,
and frequently received applications. Consequently, MNTG has the potential to be a carrier
for the topical treatment of fungal infections.

Author Contributions: Conceptualization, T.J.; methodology, Z.A.; software, Z.A., N.A. and M.O.L.;
validation, T.J., H.A.G. and A.M.; data curation, Z.A., U.J. and H.A.G.; investigation, Z.A.; visualiza-
tion, N.A.; writing—original draft preparation, Z.A.; supervision, T.J.; formal analysis, T.J., M.O.L.,
H.A.G. and A.M.; resources, Z.A. and M.O.L.; writing—review and editing, Z.A., T.J., M.O.L. and
H.A.G.; funding, M.O.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research work was funded by Institutional Fund Projects under grant no. (IFPIP:410-
249-1443). The authors gratefully acknowledge the technical and financial support provided by the
Ministry of Education and King Abdulaziz University, DSR, Jeddah, Saudi Arabia.

Institutional Review Board Statement: The animal protocol for in vivo study was approved by the
Pharmacy Animal Ethics Council at the Faculty of Pharmacy and Alternative Medicine, The Islamia
University of Bahawalpur, Pakistan, under registration number PAEC/23/94.

Informed Consent Statement: Not applicable.

Data Availability Statement: The corresponding author can provide the data described in this study
upon request.

Acknowledgments: The authors thank Qaiser Jabeen, Faculty of Pharmacy, The Islamia University of
Bahawalpur, Pakistan, for providing the lab facilities.

Conflicts of Interest: The authors state they have no conflicts of interest.

References
1. Qushawy, M.; Nasr, A.; Abd-Alhaseeb, M.; Swidan, S. Design, optimization and characterization of a transfersomal gel using

miconazole nitrate for the treatment of candida skin infections. Pharmaceutics 2018, 10, 26. [CrossRef] [PubMed]
2. Coronado-Castellote, L.; Jiménez-Soriano, Y. Clinical and microbiological diagnosis of oral candidiasis. J. Clin. Exp. Dent. 2013, 5,

e279–e286. [CrossRef] [PubMed]
3. Sardi, J.; Scorzoni, L.; Bernardi, T.; Fusco-Almeida, A.; Mendes Giannini, M.J.S. Candida species: Current epidemiology,

pathogenicity, biofilm formation, natural antifungal products and new therapeutic options. J. Med. Microbiol. 2013, 62, 10–24.
[CrossRef] [PubMed]

4. Slavin, M.; Van Hal, S.; Sorrell, T.C.; Lee, A.; Marriott, D.; Daveson, K.; Kennedy, K.; Hajkowicz, K.; Halliday, C.; Athan, E.; et al.
Invasive infections due to filamentous fungi other than Aspergillus: Epidemiology and determinants of mortality. Clin. Microbiol.
Infect. 2015, 21, 490.e1–490.e10. [CrossRef] [PubMed]

5. Brown, G.D.; Denning, D.W.; Gow, N.A.; Levitz, S.M.; Netea, M.G.; White, T.C. Hidden killers: Human fungal infections. Sci.
Transl. Med. 2012, 4, 165rv113. [CrossRef] [PubMed]

6. Seyedmousavi, S.; Samerpitak, K.; Rijs, A.; Melchers, W.; Mouton, J.; Verweij, P.; de Hoog, G. Antifungal susceptibility patterns
of opportunistic fungi in the genera Verruconis and Ochroconis. Antimicrob. Agents Chemother. 2014, 58, 3285–3292. [CrossRef]
[PubMed]

7. Lass-Flörl, C. Current challenges in the diagnosis of fungal infections. In Human Fungal Pathogen Identification; Methods in
Molecular Biology; Springer: Berlin/Heidelberg, Germany, 2017; pp. 3–15.

8. Mendes, A.; Silva, A.C.; Catita, J.A.M.; Cerqueira, F.; Gabriel, C.; Lopes, C.M. Miconazole-loaded nanostructured lipid carriers
(NLC) for local delivery to the oral mucosa: Improving antifungal activity. Coll. Surf. B Biointerfaces 2013, 111, 755–763. [CrossRef]
[PubMed]

9. Mulani, H.; Bhise, K.S. QbD Approach in the formulation and evaluation of Miconazole Nitrate loaded ethosomal cream-o-gel.
Int. Res. J. Pharm. Sci. 2017, 8, 1–13.

https://doi.org/10.3390/pharmaceutics10010026
https://www.ncbi.nlm.nih.gov/pubmed/29473897
https://doi.org/10.4317/jced.51242
https://www.ncbi.nlm.nih.gov/pubmed/24455095
https://doi.org/10.1099/jmm.0.045054-0
https://www.ncbi.nlm.nih.gov/pubmed/23180477
https://doi.org/10.1016/j.cmi.2014.12.021
https://www.ncbi.nlm.nih.gov/pubmed/25677259
https://doi.org/10.1126/scitranslmed.3004404
https://www.ncbi.nlm.nih.gov/pubmed/23253612
https://doi.org/10.1128/AAC.00002-14
https://www.ncbi.nlm.nih.gov/pubmed/24687495
https://doi.org/10.1016/j.colsurfb.2013.05.041
https://www.ncbi.nlm.nih.gov/pubmed/23954816


Pharmaceuticals 2024, 17, 546 12 of 13

10. Aljaeid, B.M.; Hosny, K.M. Miconazole-loaded solid lipid nanoparticles: Formulation and evaluation of a novel formula with
high bioavailability and antifungal activity. Int. J. Nanomed. 2016, 11, 441–447. [CrossRef] [PubMed]

11. Mir-Palomo, S.; Nácher, A.; Díez-Sales, O.; Busó, M.O.V.; Caddeo, C.; Manca, M.L.; Manconi, M.; Fadda, A.M.; Saurí, A.R.
Inhibition of skin inflammation by baicalin ultradeformable vesicles. Int. J. Pharm. 2016, 511, 23–29. [CrossRef]

12. Faisal, W.; Soliman, G.M.; Hamdan, A.M. Enhanced skin deposition and delivery of voriconazole using ethosomal preparations.
J. Liposome Res. 2018, 28, 14–21. [CrossRef] [PubMed]

13. Zahid, S.R.; Upmanyu, N.; Dangi, S.; Ray, S.K.; Jain, P.; Parkhe, G. Ethosome: A novel vesicular carrier for transdermal drug
delivery. J. Drug Deliv. Ther. 2018, 8, 318–326. [CrossRef]

14. Sharma, S.; Kaur, V.; Mahajan, K.; Singh, S.; Arora, P.; Arora, V.; Yadav, G. Antifungal Gel of Miconazole Nitrate: A Comparative
Effect Study with Accumulation of Antioxidants and Surfactants. Acta Sci. Pharm. Sci. 2018, 2, 51–55.

15. Ahmed, T.A.; Alzahrani, M.M.; Sirwi, A.; Alhakamy, N.A. Study the antifungal and ocular permeation of ketoconazole from
ophthalmic formulations containing trans-ethosomes nanoparticles. Pharmaceutics 2021, 13, 151. [CrossRef] [PubMed]

16. Bajaj, K.J.; Parab, B.S.; Shidhaye, S.S. Nano-transethosomes: A novel tool for drug delivery through skin. Indian J. Pharm. Educ.
Res. 2021, 55, s1–s10. [CrossRef]

17. Abdulbaqi, I.M.; Darwis, Y.; Khan, N.A.K.; Assi, R.A.; Khan, A.A. Ethosomal nanocarriers: The impact of constituents and
formulation techniques on ethosomal properties, in vivo studies, and clinical trials. Int. J. Nanomed. 2016, 11, 2279–2304.
[CrossRef] [PubMed]

18. Jondhalekar, T.; Aher, S.; Saudagar, R. Transethosome: Novel vesicular carrier for enhanced transdermal drug delivery system.
Res. J. Pharm. Technol. 2017, 10, 1816–1819. [CrossRef]

19. Chen, Z.; Li, B.; Liu, T.; Wang, X.; Zhu, Y.; Wang, L.; Wang, X.; Niu, X.; Xiao, Y.; Sun, Q. Evaluation of paeonol-loaded
transethosomes as transdermal delivery carriers. Eur. J. Pharm. Sci. 2017, 99, 240–245. [CrossRef] [PubMed]

20. Garg, V.; Singh, H.; Bhatia, A.; Raza, K.; Singh, S.K.; Singh, B.; Beg, S. Systematic development of transethosomal gel system of
piroxicam: Formulation optimization, in vitro evaluation, and ex vivo assessment. AAPS Pharmscitech 2017, 18, 58–71. [CrossRef]
[PubMed]

21. Asghar, Z.; Jamshaid, T.; Sajid-ur-Rehman, M.; Jamshaid, U.; Gad, H.A. Novel Transethosomal Gel Containing Miconazole
Nitrate; Development, Characterization, and Enhanced Antifungal Activity. Pharmaceutics 2023, 15, 2537. [CrossRef] [PubMed]

22. Nisbet, S.J. Absence of human skin irritation and allergenic potential after repeated patch applications of a lamellar moisturizer.
J. Cosmet. Dermatol. 2019, 18, 377–382. [CrossRef] [PubMed]

23. Barel, A.; Lambrecht, R.; Clarys, P.; Morrison Jr, B.; Paye, M. A comparative study of the effects on the skin of a classical bar soap
and a syndet cleansing bar in normal use conditions and in the soap chamber test. Skin Res. Technol. 2001, 7, 98–104. [CrossRef]
[PubMed]

24. Farage, M.A.; Maibach, H.I.; Andersen, K.E.; Lachapelle, J.M.; Kern, P.; Ryan, C.; Ely, J.; Kanti, A. Historical perspective on the use
of visual grading scales in evaluating skin irritation and sensitization. Contact Dermat. 2011, 65, 65–75. [CrossRef] [PubMed]

25. Guo, F.; Wang, J.; Ma, M.; Tan, F.; Li, N. Skin targeted lipid vesicles as novel nano-carrier of ketoconazole: Characterization,
in vitro and in vivo evaluation. J. Mater. Sci. Mater. Med. 2015, 26, 175. [CrossRef] [PubMed]

26. Zhang, H.; Guo, M.; Zhu, T.; Xiong, H.; Zhu, L.-M. A careob-like nanofibers with a sustained drug release profile for promoting
skin wound repair and inhibiting hypertrophic scar. Compos. Part B Eng. 2022, 236, 109790. [CrossRef]

27. Wahedi, H.M.; Chae, J.K.; Subedi, L.; Kang, M.C.; Cho, H.; Kim, S.; Kim, S.Y. NED416, a novel synthetic Sirt1 activator, promotes
cutaneous wound healing via the MAPK/Rho pathway. Int. J. Mol. Med. 2020, 46, 149–158. [CrossRef] [PubMed]

28. Farghaly Aly, U.; Abou-Taleb, H.A.; Abdellatif, A.A.; Sameh Tolba, N. Formulation and evaluation of simvastatin polymeric
nanoparticles loaded in hydrogel for optimum wound healing purpose. Drug Des. Dev. Ther. 2019, 13, 1567–1580. [CrossRef]
[PubMed]

29. Yokota, J.; Kyotani, S. Influence of nanoparticle size on the skin penetration, skin retention and anti-inflammatory activity of
non-steroidal anti-inflammatory drugs. J. Chin. Med. Assoc. 2018, 81, 511–519. [CrossRef]

30. Ramadon, D.; McCrudden, M.T.; Courtenay, A.J.; Donnelly, R.F. Enhancement strategies for transdermal drug delivery systems:
Current trends and applications. Drug Deliv. Transl. Res. 2022, 12, 758–791. [CrossRef] [PubMed]

31. Dhopavkar, S.; Kadu, P. Transfersomes-a Boon for Transdermal Delivery. Indo Am. J. Pharm. Sci. 2017, 4, 2908–2919.
32. Albash, R.; Abdelbary, A.A.; Refai, H.; El-Nabarawi, M.A. Use of transethosomes for enhancing the transdermal delivery of

olmesartan medoxomil: In vitro, ex vivo, and in vivo evaluation. Int. J. Nanomed. 2019, 14, 1953–1968. [CrossRef] [PubMed]
33. Abdellatif, M.M.; Khalil, I.A.; Khalil, M.A. Sertaconazole nitrate loaded nanovesicular systems for targeting skin fungal infection:

In-vitro, ex-vivo and in-vivo evaluation. Int. J. Pharm. 2017, 527, 1–11. [CrossRef] [PubMed]
34. Kaur, G.; Narang, J. Topical nanoemulgel: A novel pathway for investigating alopecia. J. Nanomed. Nanotechnol. 2017, 8, 1000472.

[CrossRef]
35. Kaur, A.; Gupta, S.; Tyagi, A.; Sharma, R.K.; Ali, J.; Gabrani, R.; Dang, S. Development of nanoemulsion based gel loaded with

phytoconstituents for the treatment of urinary tract infection and in vivo biodistribution studies. Adv. Pharm. Bull. 2017, 7, 611.
[CrossRef] [PubMed]

36. Castro, N.R.; Cristal dos Santos, C.P.; de Campos, V.E.B.; Cardoso, V.; Vermelho, A.B.; dos Santos, E.P.; Mansur, C.R.E. Develop-
ment of hybrid vesicular nanosystems composed of lipids and chitosan for octyl methoxycinnamate encapsulation. Coll. Surf. A
Physicochem. Eng. Asp. 2021, 608, 125476. [CrossRef]

https://doi.org/10.2147/IJN.S100625
https://www.ncbi.nlm.nih.gov/pubmed/26869787
https://doi.org/10.1016/j.ijpharm.2016.06.136
https://doi.org/10.1080/08982104.2016.1239636
https://www.ncbi.nlm.nih.gov/pubmed/27667097
https://doi.org/10.22270/jddt.v8i6.2028
https://doi.org/10.3390/pharmaceutics13020151
https://www.ncbi.nlm.nih.gov/pubmed/33498849
https://doi.org/10.5530/ijper.55.1s.33
https://doi.org/10.2147/IJN.S105016
https://www.ncbi.nlm.nih.gov/pubmed/27307730
https://doi.org/10.5958/0974-360X.2017.00320.1
https://doi.org/10.1016/j.ejps.2016.12.026
https://www.ncbi.nlm.nih.gov/pubmed/28039091
https://doi.org/10.1208/s12249-016-0489-z
https://www.ncbi.nlm.nih.gov/pubmed/26868380
https://doi.org/10.3390/pharmaceutics15112537
https://www.ncbi.nlm.nih.gov/pubmed/38004517
https://doi.org/10.1111/jocd.12535
https://www.ncbi.nlm.nih.gov/pubmed/29656566
https://doi.org/10.1034/j.1600-0846.2001.70208.x
https://www.ncbi.nlm.nih.gov/pubmed/11393212
https://doi.org/10.1111/j.1600-0536.2011.01912.x
https://www.ncbi.nlm.nih.gov/pubmed/21668861
https://doi.org/10.1007/s10856-015-5487-2
https://www.ncbi.nlm.nih.gov/pubmed/25825320
https://doi.org/10.1016/j.compositesb.2022.109790
https://doi.org/10.3892/ijmm.2020.4564
https://www.ncbi.nlm.nih.gov/pubmed/32319533
https://doi.org/10.2147/DDDT.S198413
https://www.ncbi.nlm.nih.gov/pubmed/31190737
https://doi.org/10.1016/j.jcma.2018.01.008
https://doi.org/10.1007/s13346-021-00909-6
https://www.ncbi.nlm.nih.gov/pubmed/33474709
https://doi.org/10.2147/IJN.S196771
https://www.ncbi.nlm.nih.gov/pubmed/30936696
https://doi.org/10.1016/j.ijpharm.2017.05.029
https://www.ncbi.nlm.nih.gov/pubmed/28522423
https://doi.org/10.4172/2157-7439.1000472
https://doi.org/10.15171/apb.2017.073
https://www.ncbi.nlm.nih.gov/pubmed/29399551
https://doi.org/10.1016/j.colsurfa.2020.125476


Pharmaceuticals 2024, 17, 546 13 of 13

37. Ijaz, M.; Akhtar, N. Fatty acids based α-Tocopherol loaded nanostructured lipid carrier gel: In vitro and in vivo evaluation for
moisturizing and anti-aging effects. J. Cosmet. Dermatol. 2020, 19, 3067–3076. [CrossRef] [PubMed]

38. Tabassum, S.; Ahmad, S.; Ali, B.; Usman, F.; Jabeen, Q.; Sajid-ur-Rehman, M.; Ahmed, M.; Zubair, H.M.; Alkazmi, L.; Batiha, G.E.-S.
Chemical profiling and evaluation of toxicological, antioxidant, anti-inflammatory, anti-nociceptive and tyrosinase inhibitory
potential of Portulacaria afra using in-vitro, in-vivo and in-silico studies. Arab. J. Chem. 2023, 16, 104784. [CrossRef]

39. James, O.; Sunday, A.B. Evaluation of acute dermal irritation and wound contraction by Gymnema sylvestre and Datura metel
extracts in rats. Am. J. Biomed. Life Sci. 2014, 2, 83–88. [CrossRef]

40. Adegbenro, O.O.; Opeyemi, O.T. Development and estimation of anti-inflammatory activity of topical etoricoxib emulgel by
carrageenan induced paw oedema method. Univers. J. Pharm. Res. 2019, 4, 23–28. [CrossRef]

41. Zuang, V.; Alonso, M.-A.; Botham, P.A.; Eskes, C.; Fentem, J.; Liebsch, M.; van de Sandt, J.J.M. Skin Irritation and Corrosion.
Altern. Lab. Anim. 2005, 33, 35–46. [CrossRef] [PubMed]

42. Kumar, J.R.; Muralidharan, S.; Parasuraman, S. In Vitro and in Vivo evaluation of microspheres loaded topical gel delivery system
of ketoconazole in male rats against Candida Glabrata. J. Pharm. Sci. Res. 2014, 6, 376.

43. Shadomy, S. Laboratory studies with antifungal agents: Susceptibility tests and bioassays. In Manual of Clinical Microbiology;
American Society for Microbiology: Washington, DC, USA, 1985; pp. 991–999.

44. Hamad, A.M.; Ahmed, H.G. Association of some carbohydrates with estrogen expression in breast lesions among Sudanese
females. J. Histotechnol. 2018, 41, 2–9. [CrossRef]

45. Suvarna, K.S.; Layton, C.; Bancroft, J.D. Bancroft’s Theory and Practice of Histological Techniques; Elsevier Health Sciences: Philadel-
phia, PA, USA, 2018.

46. Sadaf, F.; Saleem, R.; Ahmed, M.; Ahmad, S.I. Healing potential of cream containing extract of Sphaeranthus indicus on dermal
wounds in Guinea pigs. J. Ethnopharmacol. 2006, 107, 161–163. [CrossRef] [PubMed]

47. SM, S.; KL, B.; PY, P. Assessment of Anti-Dermatophytic Activity of Zincoderm Gm Cream in Experimental Tinea Pedis in Wistar
Rats. Int. J. Pharm. Chem. Biol. Sci. 2015, 5, 683.

48. Suresh Kumar, P. Anti-fungal activity of Leptadenia reticulata in rat animal model in vivo. J. Basic Appl. Biol. 2008, 2, 9–13.
49. Khiljee, T.; Akhtar, N. Investigation of antiaging and skin rejuvenation potential of phytoconstituents from Pyrus communis

loaded topical emulgel. Pak. J. Pharm. Sci. 2019, 32, 293–300. [PubMed]
50. Sridhar, K.; Charles, A.L. In vitro antioxidant activity of Kyoho grape extracts in DPPH and ABTS assays: Estimation methods for

EC50 using advanced statistical programs. Food Chem. 2019, 275, 41–49. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/jocd.13346
https://www.ncbi.nlm.nih.gov/pubmed/32129554
https://doi.org/10.1016/j.arabjc.2023.104784
https://doi.org/10.11648/j.ajbls.20140204.14
https://doi.org/10.22270/ujpr.v4i3.265
https://doi.org/10.1177/026119290503301s08
https://www.ncbi.nlm.nih.gov/pubmed/16194140
https://doi.org/10.1080/01478885.2017.1396067
https://doi.org/10.1016/j.jep.2006.02.022
https://www.ncbi.nlm.nih.gov/pubmed/16765545
https://www.ncbi.nlm.nih.gov/pubmed/30829206
https://doi.org/10.1016/j.foodchem.2018.09.040
https://www.ncbi.nlm.nih.gov/pubmed/30724215

	Introduction 
	Results and Discussion 
	Patch Test (Skin Irritancy Test) 
	Treatment Effect of the Gels 
	Histological Examination 
	Hematological Analysis of Total and Differential WBC Count 

	Materials and Methods 
	Materials 
	Preparation of Miconazole Nitrate (MCNR) Transethosomal Formulation 
	Preparation of Transethosomal Gel and MCNR Gel 
	In Vivo Evaluation of MCNR Transethosomal Gel 
	Animals 
	Experimental Design 
	Patch Test (Skin Irritancy Test) 
	Immunosuppressed Animal Preparation 
	Fungal Strain Preparation 
	Development of Fungal Infection 
	Clinical Examinations 
	Histopathological Analysis 
	Assessment of Blood Parameters 

	Statistical Analysis 

	Conclusions 
	References

