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Abstract
Fungal infections pose a significant global health challenge, especially in immunocompromised individuals. Luliconazole 
(LZL), a newly approved drug for topical fungal infections, faces limitations due to poor skin penetration, short skin retention 
time, and repeated administration. To address this, lipid nanocarrier-based ethosomal gel formulations at 1% w/w strength 
were developed and extensively characterized through in vitro, ex vivo, and in vivo studies, comparing them with conventional 
formulations. The optimized ethosomal formulations exhibited a vesicle size of 209.2 ± 8.52 nm, encapsulation efficiency 
of 81.51 ± 3.62%, and PDI of 0.198 ± 0.001. These ethosomes were incorporated into a gel with adhesiveness of 1.012 mJ, 
hardness of 0.17 N, and spreadability ranging from 7.9 to 0.52 g·cm/sec. In vitro release studies showed 84.39 ± 1.5% release 
for the optimized ETs-gel formulation compared to 45.58 ± 0.9% for the LZL-conventional gel. In-vitro activity against 
Candida albicans demonstrated superior efficacy of the prepared ethosomal formulations over the conventional gel. Ex vivo 
studies on porcine ear skin indicated enhanced penetration and skin retention time for the optimized ETs-gel compared to 
the conventional gel. In-vivo antifungal activity on albino rats confirmed the safety, non-irritant nature, and efficacy of the 
optimized ETs-gel in topical fungal treatment, with no systemic drug circulation observed. Histopathology studies further 
supported the efficacy of the optimized ETs-gel formulation. Overall, squalene-based ethosomes emerge as promising car-
riers for enhancing the topical delivery and localized effectiveness of Luliconazole.
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Introduction

Fungal skin infections pose significant dermatological chal-
lenges globally. These infections affect a staggering number of 
people, with an annual incidence of over 150 million individu-
als. These fungal infections have wide-ranging repercussions on 
patients' lives, irrespective of whether they live in developed or 
developing countries. Fungal diseases manifest in various forms, 
ranging from superficial infections on the skin and mucous 
membranes to more severe and chronic infections within the 

body's internal organs. Superficial fungal infections are particu-
larly prevalent, with an estimated global incidence of 20% to 
25% [1–4]. Fungal infections, often linked to factors such as 
hygiene, sanitation, and access to healthcare, are a common rea-
son for dermatological consultations. Fungi, found ubiquitously, 
can be classified as yeast or mold based on their morphology, 
with approximately 200 species pathogenic to humans among 
the nearly 1 million known fungal species. These infections have 
been associated with higher mortality rates in vulnerable groups, 
such as premature neonates, infants, and the elderly [5–7].

Fungal diseases are categorized into dermatophytosis, 
subcutaneous mycoses, systemic mycoses, and other types. 
Dermatophytosis, caused by fungi like Epidermophyton, 
Microsporum, and Trichophyton, infects skin and hair. Sub-
cutaneous mycoses penetrate deeper skin tissue [8, 9]. They 
can also affect internal organs, especially in immunocom-
promised individuals [10]. Lipid-based nanocarriers mimic 
skin lipids, aiding drug delivery across biological barriers 
and improving efficacy. Optimizing antifungal drugs while 
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reducing resistance and toxicity remains a significant chal-
lenge in therapeutic formulation [11].

Topical, systemic, and phototherapy are the primary 
treatments for managing fungal infections. For moderate to 
severe cases (covering more than 30% of the body surface), 
systemic therapies are recommended as the first-line treat-
ment along with topical formulations [12]. Additionally, 
topical medications are preferred as the initial choice for 
treating fungal infections due to their localized action, mois-
turizing effects, and superior skin penetration or retention 
time. In contrast to systemic therapy, topical treatments offer 
targeted action at the site of infection and are easier to apply.

Antifungal agents, particularly azoles like imidazoles 
and triazoles, are widely used due to their broad spectrum 
and effectiveness against fungal infections [13]. Clinical 
studies indicate that while clinical signs and symptoms 
often improve within 2–4 weeks, complete cure may take 
12–36 weeks, depending on the infection type and site [14]. 
For instance, toenail infections (onychomycosis) typically 
require up to 12 weeks for treatment [15]. However, imi-
dazole antifungals have drawbacks such as resistance and 
lengthy treatment courses lasting weeks, which can lead to 
poor patient adherence and disease recurrence.

Luliconazole is an azole antifungal agent which have potent 
activity against a variety of fungi, including those caused by 
Candida Albicans species, dermatophytes (Trichophyton and 
Microsporum), and certain types of yeast [16, 17]. Lulicona-
zole, the only antifungal regulated for the short-term treatment 
of surface fungal infections, is classified as BCS II (low solu-
bility and high permeability). It works by blocking ergosterol 
synthesis, which is required for fungal cell membranes, reduc-
ing and causing cell death. Its delivery can be challenging due 
to its low solubility and high lipophilicity [18]. Improving the 
delivery of luliconazole is essential to enhance its solubility, 
skin penetration, and retention, thereby optimizing therapeu-
tic outcomes. The selection of an antifungal drug depends on 
factors such as the type and severity of infection, the patient's 
overall health, and individual considerations[19]. This study 
aims to develop topical gel formulations of Luliconazole using 
vesicular delivery systems like elastic liposomes, transfer-
osomes, and ethosomes. These systems promise improved ski.

n permeation and targeted treatment of fungal infections, 
reducing systemic absorption and adverse effects. Their 
nanometric size, high drug loading, and enhanced solubility 
offer advantages, complemented by gelling agents to ensure 
compatibility with cream and gel bases for elegant and stable 
formulations [20].

Sebum, secreted from sebaceous ducts, consists primarily 
of squalene (12–15%) along with wax esters and glycerides. 
Therefore, incorporating squalene into topical formulations 
could potentially restore the lipid content of sebum. The 
major mechanism involved in drug transfer from the external 
environment to the lipid or sebum layers within the skin is 

partitioning. This process can be facilitated by formulating 
lipid carriers for the intended drugs [21]. Lipid carriers readily 
assimilate into the skin's lipid environment, forming a drug 
depot within the skin. Ethosomes are lipid vesicular carriers 
that contain a relatively high amount of ethanol for improved 
medication penetration through the skin. They mostly consist 
of water, ethanol, and phospholipids. The high ethanol con-
tent, which fundamentally sets ethosomes apart from other 
vesicular carriers, works to increase epidermal penetration 
and release the drug particles [22, 23]. Ethosomes are particu-
larly suited for drugs classified under BCS classes II and IV 
due to their ability to enhance solubility. They improve topical 
drug efficacy by effectively merging with sebum in follicles. 
Compared to liposomes or niosomes, ethosomes offer better 
control over drug release and higher drug entrapment within 
lipid environments, thanks to the arrangement of solid and 
liquid lipids, which provides more surface area and space for 
dissolved drugs [24, 25]. Consequently, ethosomes exhibit 
higher drug loading capacity. To enhance the partitioning 
of lipid carriers into the stratum corneum of the skin, it is 
essential to maintain a hydrated environment at the targeted 
skin site [22, 26]. The novelty of this research we are using a 
shark liver oil, which is also known as squalene with the help 
to this oil formulate a squalene-based nanocarrier. The nano-
carrier is increasing the penetration of the drug, and squalene 
is increasing the dermal retention time, because squalene is 
secreted by sebum, which is present in skin dermis layer so 
this formulated squalene-based nanocarrier is helpful to retain 
the drug on the dermis layer and provide the moisture content 
on the skin[21]. Overall the squalene based nanoocarrier is 
overcome the limitation of luliconazole gel.

The present study, we hypothesized that the squalene-based 
luliconazole-loaded ethosomal gel would enhance penetra-
tion, increase skin moisture content, and increase dermis 
layer retention time. Overall, the ethosomal gel may give bet-
ter antifungal activity. In this study, we aimed to develop gel 
formulations incorporating vesicular systems to improve the 
topical delivery of Luliconazole, maintaining a drug content 
of 1% w/w consistent with commercial strengths. These for-
mulations were evaluated against conventional marketed prod-
ucts through in vitro drug release studies, in vitro antifungal 
activity assessments, and ex vivo permeation and deposition 
potential using porcine ear membranes. Additionally, the opti-
mized formulation's in vivo antifungal efficacy was tested, 
alongside histopathological analysis of treated rat skin.

Materials and Methods

Materials

Luliconazole was obtained as a gift sample from Zydus 
Cadila Pvt. Ltd.Carbomer (Carbopol  974 A NF), methyl 
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alcohol, and chloroform were purchased from Himedia Pvt. 
Ltd., India. We bought squalene, tween 80, from LOBA 
Chemicals Pvt. Ltd. in India. Sigma-Aldrich Pvt. Ltd., India, 
supplied the phospholipid.

QbD Approach

Establishing CQAs and Defining QTPP

The first step in Quality by Design (QbD) driven develop-
ment involves establishing the Quality Target Product Profile 
(QTPP), delineating the expected quality characteristics of 
the targeted therapeutic product. Here, the aim is to develop 
a stable ethosomal formulation that can efficiently deliver 
a substantial dose of luliconazole, thereby enhancing skin 
penetration, skin retention and increasing localized effect. 
These objectives encapsulate the desired outcomes regard-
ing the product's effectiveness. Therefore, the QTPP shows 
a foundation for developing a product that maintains qual-
ity, safety, and efficacy. It includes important elements like 
dosage form, route of administration, stability, and particu-
lar product characteristics like skin permeability. The goal 
of formulation development is to consider these factors to 
deliver a product that conforms to quality standards and 
effectively fulfills its intended therapeutic goals.

Optimization of Luliconazole‑loaded Ethosomes Through 
DoE (Box‑Behnken Design)

A Box-Behnken design (BBD) with three factors and three 
levels was used to optimize critical material attributes 
(CMAs) affecting key quality indicators. The factors—
phospholipid quantity (X1), ethanol concentration (X2), 
and squalene amount (X3)—were evaluated at actual and 
coded levels (−1, 0, + 1). Critical quality attributes (CQAs), 
including vesicle size (Y1), entrapment efficiency (Y2), and 
polydispersity index (Y3), were assessed. Seventeen batches, 
including five center points per block, were prepared in trip-
licate for reliability, with other variables held constant to 
minimize confounding factors.

ANOVA

Multiple linear regression analysis (MLRA) was performed 
using Design Expert software to assess the impact of inde-
pendent variables on the response variables. Second-order 
polynomial models were developed to capture factor-
response relationships, validated through analysis of vari-
ance (ANOVA). Software equations were analyzed to assess 
the influence of each critical material attribute (CMA). Vis-
ual tools, such as 3D response surface plots, 2D perturbation 

curves, and contour plots, were used to gain insights into the 
effects of the variables. Goals were set based on the desired 
results, and validation batches were created using the soft-
ware's desirability strategy to find optimal CMA concen-
trations for target critical quality attributes (CQAs). Actual 
results from the optimized formulation were compared with 
software predictions to assess model accuracy and reliability.

Pre‑formulation Studies

Pre-formulation studies are a series of experiments and tests 
conducted on the drug to determine its physical and chemi-
cal properties before formulation development. This study 
provided critical information for formulators to design and 
develop safe, stable, and effective drug products.

Physical Appearance

Physical appearance of a drug, like color and description, 
was analyzed by visual observation [27].

Melting Point Determination

To determine the melting point of the drug, it was first 
loaded into an open-ended capillary tube. Subsequently, a 
Perfit Digital Melting Point Apparatus was utilized to pre-
cisely measure the temperature at which the drug began to 
melt. This method ensures accurate determination of the 
drug's melting point by providing a controlled environment 
and reliable temperature measurement capabilities [27].

FT‑IR

FT-IR spectroscopy is a valuable method for analyzing and 
characterizing drugs. The FTIR spectrum of a drug can pro-
vide valuable information about the structure and composi-
tion of the drug. This information can be used to identify the 
drug, determine its purity, and study its chemical properties. 
A KBr pellet was prepared by grinding KBr crystals into a 
fine powder. A small amount of the drug was added to the 
KBr powder and mixed well. The KBr/drug mixture was 
pressed into a pellet using a hydraulic press. The KBr/drug 
pellet was loaded into the FTIR spectrometer. The FTIR 
spectrum of the drug was collected. The FTIR spectrum was 
analyzed to identify the functional groups present in the drug 
[27, 28].

Compatibility Studies of Drug and Excipients by FTIR 
Spectroscopy

FTIR spectra were obtained for Soya lecithin and a physi-
cal mixture of Soya lecithin with Luliconazole to assess 
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compatibility. The KBr disc method involved grinding 
1 mg of each substance into a fine powder, compressing 
them into discs, and analyzing the spectra for any new peaks. 
The absence of additional peaks in the physical mixture 
confirmed compatibility between the excipient and the drug 
[28].

Partition Coefficient

The shaking flask method was used to determine lulicona-
zole's partition coefficient. The partition coefficient of luli-
conazole was determined using a 10-mL solution containing 
a 1:1 mixture of n-octanol and acetate buffer (5.5). To ensure 
equilibrium, 10 mg of luliconazole was added, and the pro-
cess was repeated three times. The mixtures were mixed in 
separating funnels for 24 h. The organic and aqueous phases 
were separated once equilibrium had been achieved. The 
concentration of luliconazole in both phases was determined 
with a UV spectrophotometer (UV-1800, Shimadzu, India) 
at a wavelength of 295 nm. The partition coefficient was then 
calculated using the appropriate equation[27`].

DSC of Luliconazole

DSC analysis was conducted using the DSC6000. Each sam-
ple, weighing 10 mg, was placed in an aluminum pan and 
subjected to a scanning rate of 10 °C/min. The temperature 
range of the analysis is from 0 to 800 °C under an inert 
atmosphere of nitrogen [29].

Determination of λmax for Luliconazole in Methanol

The accurately weighed 10 mg of Luliconazole was initially 
dissolved in methanol to prepare a stock solution of 1000 μg/
ml. From this, 1 ml was further diluted to 10 ml with metha-
nol to obtain a concentration of 100 μg/ml. A 0.1 ml aliquot 
of this solution was then diluted to 10 ml with methanol to 
achieve a final concentration of 10 μg/ml. The absorbance 
spectrum of the 10 μg/ml solution was scanned across wave-
lengths from 200 to 400 nm to identify the wavelength of 
maximum absorbance [30].

Calibration Curve of Luliconazole

In Methanol: Acetate Buffer (5.5)  Luliconazole 10 mg was 
weighed and dissolved in 10 ml of methanol by gentle shak-
ing, resulting in a concentration of 1000 µg/ml. From this 
solution, 1 ml was transferred and diluted to 10 ml using 
acetate buffer (5.5), resulting in a stock solution with a con-
centration of 100 µg/ml. Aliquots of 2, 4, 6, 8, 10, 12 µg/mL 
were prepared from this stock solution and diluted to 10 mL 
with acetate buffer (5.5), resulting in dilutions ranging from 
10 to 100 µg/mL. These prepared dilutions were analyzed 

using UV-spectroscopy to measure peak areas at 295 nm, 
and a standard curve was constructed plotting peak areas 
against the drug concentration [29].

In Methanol: PBS (7.4)  Luliconazole 10 mg was weighed and 
dissolved in 10 ml of methanol by gentle shaking, resulting 
in a concentration of 1000 µg/ml. From this solution, 1 ml 
was transferred and diluted to 10 ml using a pH 7.4 buffer, 
resulting in a stock solution with a concentration of 100 µg/
ml. From the stock solution, concentrations of 2, 4, 6, 8, 10, 
12 µg/ml in pH 7.4 buffer were prepared. The absorbance 
of these diluted solutions was measured at 295 nm, and the 
correlation coefficient was subsequently identified [31].

Method

Preparation of Ethosome via the thin Film Hydration 
Method

To prepare deformable ethosomes, the drug was initially 
dissolved in 3 mL of methanol, while the lipid phase, con-
taining soya lecithin both was dissolved in chloroform. The 
solvent was evaporated under reduced pressure in a rotary 
evaporator at 50 °C until a thin film formed on the flask 
wall. Evaporation continued for 2 h after the film appeared 
dry to ensure complete solvent removal. Next, the film was 
hydrated using a solution of squalene in a mixture of ethanol 
and water (3:7 ratio). The hydration process involved heating 
in a water bath at 50 °C for 10 min, followed by vortexing for 
2 min. The resulting dispersion was then sealed hermetically, 
protected from light, and stored at 4 °C[32].

Characterization of LZL‑Ethosomes

Evaluation of Particle Size, Zeta Potential, and Polydispersity 
Index  Particle size analysis of LZL was conducted using 
Dynamic Light Scattering (DLS) with a Zetasizer (ZS nano 
3600, Malvern Instruments, UK). Before analysis, the LZL 
samples were diluted tenfold with Milli-Q water. Measure-
ments for particle size, polydispersity index (PDI), and zeta 
potential were performed in triplicate at a controlled temper-
ature of 25 °C. DLS provides valuable insights into the size 
distribution and surface charge of nanoparticles by analyzing 
fluctuations in light scattering intensity caused by Brownian 
motion. This method ensures accurate characterization of 
LZL properties under standardized conditions [27].

Morphological Assessment Using TEM  Morphological analy-
sis aimed to define sample characteristics and shape. A por-
tion was placed on a carbon-coated copper grid, stained with 
phosphotungstic acid for visibility. After air-drying, exami-
nation via transmission electron microscope (TEM) captured 
photos documenting the colloidal system morphology [33].
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Determination of Entrapment Efficiency(%EE) and Loading 
Capacity of Ethosomes Containing Luliconazole (LZL)  To 
determine the %EE of ethosomes, a widely accepted indi-
rect method was utilized. Samples of LZL-ETs were centri-
fuged using a cooling centrifuge (Remi: C-24 BL, India), 
separating the supernatant containing free LZL from the 

entrapped drug. Afterwards, LZL content was determined 
by diluting the samples with methanol and performing spec-
trophotometric analysis at 295 nm using a validated method, 
which allowed for the calculation of ethosome entrapment 
efficiency and loading capacity using a defined mathematical 
formula [34, 35].

% Entrapment Eff icency =
Total amount of LZL dded − Amount of LZL unentrapped

Total amount of LZL added
× 100

% Loading Eff iciency =
Total amount of LZL added − Amount of LZL unentrapped

Total amount of formulation
× 100

Development of Ethosomes‑embedded Carbomer‑based gel 
Formulation  The Ethosomal formulation was converted to 
gel using Carbopol 934 as a gelling agent. Gel was prepared 
by dissolving 500 mg of Carbopol 934 into 50 ml of distilled 
water to form 1% (w/w) gel and kept aside for 24 h. After 
swelling and hydration, the gel base was prepared. Then take 
1 g of Carbopol gel from the prepared base. Then, the opti-
mized Luliconazole-loaded Ethosomal solution was added to 
the gel with constant stirring for 20 min. Then, homogeneity 
was ensured by constant stirring at 1000 rpm for an h. Add 
0.2 ml of triethanolamine, which raised the pH and promoted 
gel formation, the liquid was given the appropriate consist-
ency and gelling qualities. The pH of the gel was maintained 
in the range of 6–7 [36].

Characterization of Formulated Ethosomal Gel 

•	 Texture Analysis

A formulation of ETs gel with about 1% w/w concen-
tration was prepared and characterized using a CT3 
texture analyzer (Brookfield Engineering Lab, Inc., 
USA), The prepared gel was tested for mechanical 
criteria such as hardness, cohesiveness, and adhe-
siveness. An analytical probe with a diameter of 3.5 
cm for a single cycle at a specified rate of 0.5 mm/s, 
with a 5 kg load cell for the analysis, was used [33].

•	 Determination of pH

To determine the pH of LZL-ETs-gel, a specific proce-
dure was followed. Firstly, 1 gram of each formulation 
was diluted in 50 mL of distilled water and thoroughly 
mixed for 30 minutes using a magnetic stirrer at room 
temperature. Subsequently, the pH of the diluted for-
mulations was measured using a calibrated pH meter 
(Mettler Toledo FE20-I-Kit). To ensure accuracy and 

reliability, all measurements were performed in tripli-
cate. This standardized approach and triplicate meas-
urements ensured precise and consistent pH values for 
both formulations.

•	 Spreadability using the Plate Method

The spreadability of the hydrogel formulations was 
evaluated using the plate method. A small amount of 
both LZL-ETs-gel was placed between two acrylic 
plates and pressed together for 5 minutes. As the gel 
spread out, forming circles, the initial and final diam-
eters of these circles were measured. Analyzing the 
increase in diameter allowed for assessing the spread-
ability of the gel. This evaluation offered valuable 
insights into the physical properties and performance 
of the hydrogel formulations[34].

In‑vitro Anti‑Fungal Activity  The in-vitro anti-fungal activity 
of Free drug (LZL-solution), LZL-ETs-gel and LZL-con-
ventional gel formulations against C. albicans was assessed 
using the agar plate method. In vitro antifungal research, the 
free drug solution serves as a positive control for evaluat-
ing the maximum antifungal activity of the active agent. It 
provides direct comparison with formulations to evaluate 
the effectiveness of drug release, the effect of excipients, 
and the overall performance of the formulation. Its inclusion 
represents a standard scientific approach to ensure the reli-
ability, reproducibility, and validity of experimental results 
in antifungal efficacy studies. Candida albicans cultures was 
that they were activated again and plated on Petri dishes con-
taining nutrient agar media. Holes were created in the agar 
surface using a 5 mm diameter borer. The nutrient agar sur-
face was then inoculated with 100 µL of C. albicans suspen-
sion. Next, wells were prepared and filled with LZL-solu-
tion, LZL-ETs-gel, and LZL-conventional gel formulations 
at identical concentrations. Following incubation at 37 °C 
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for 48 h to enhance the growth and interaction between the 
formulations and C. albicans. The plates were examined for 
zones of inhibition to assess the formulations' effectiveness 
against the fungus. The diameters of these zones were meas-
ured and recorded to quantify the antifungal activity of the 
formulations [37].

In‑vitro Drug Release  In-vitro drug release studies using a 
1.2 kD molecular weight cutoff dialysis membrane evaluated 
LZL drug solution, LZL conventional gel, and LZL-ETs-
GEL formulations. Each formulation containing 10 mg LZL 
equivalent was placed in the membrane and submerged in 
50 mL acetate buffer (pH 5.5) and methanol (70:30 v/v) at 
37 ± 0.5 °C with continuous stirring. Because drug solubil-
ity is main concern the use of 30% methanol in 70% acetate 
buffer (pH 5.5) was essential due to Luliconazole’s poor 
aqueous solubility and high lipophilicity (BCS Class II) it 
means a lipophilic nature. This solvent system enabled com-
plete solubilization and accurate UV spectroscopic quanti-
fication, as lower methanol levels (e.g., 20%) led to poor 
solubility, non-linear calibration curves, and inconsistent 
absorbance. To ensure analytical consistency and eliminate 
matrix-related variability, the same medium was used for 
both the calibration curve and in vitro release studies. This 
approach ensures that the UV absorbance measurements in 
IVR testing are directly comparable and accurately inter-
pretable using the established calibration curve. Samples 
were collected at 0, 2, 4, 6, 8, 10, and 12 h, or maintained 
in the sink condition, and spectrophotometric analysis was 
performed.

Skin Permeation Study  Skin permeation experiments using 
porcine ear skin from a local slaughter involved LZL free 
drug solution, LZL conventional gel, and LZL-ETs-GEL 
formulations. After shaving to remove hair and washing with 
physiological saline, skin fat was carefully cut for uniformity. 
Franz diffusion cells with a methanol and pH 7.4 buffer solu-
tion (3:7 v/v) at 37 ± 0.5 °C and 100 rpm facilitated sampling 
over time for UV-spectrophotometric analysis (295 nm) to 
monitor LZL permeation and release. After removing skin 
membranes post-Franz diffusion cell experiment, residual 
formulation on the epidermis was cleansed with 50% metha-
nol, followed by fragmentation and treatment with 0.05% 
trypsin solution for 24 h at 37 °C and 100 rpm agitation [38]. 
Samples are filtered to determine LZL content using UV 
spectrophotometry (295 nm) for assessing LZL deposition 
within the skin membrane [33, 39].

In‑vivo Anti‑fungal Activity

Anti‑fungal Activity  A total of 24 albino rats were devel-
oped into the following four groups and each group have six 
rats: Normal control(A), Control (infected and untreated) 

(B), Optimized ethosomal gel treated(C), conventional gel 
treated(D). (ISFCP/IAEC/CCSEA/Meeting No: 05/2024/
Protocol No. 41) Prior to the research, the rats underwent ten 
days of intraperitoneal injection of dexamethasone at a dose 
of 5 mg/kg/day to suppress their immune systems. Following 
this stage of immunological suppression, dermal infection 
began. Before the rats were inoculated, a 3 cm × 3 cm sec-
tion of their dorsal region was shaved at least 24 h before-
hand, and skin abrasions were produced. After administer-
ing anesthesia, 1 ml of culture containing 5 × 104 cells/ml 
was inoculated into the animals. After 7 days, the animals 
showed white fungal scales on their skin similar to Candida 
culture. Skin scales from each group expect normal control 
were collected on sterile paper and inoculated onto Yeast 
Malt Agar petri plates. These plates were incubated at 28 °C 
for 24 h in a Bio-Oxygen Demand (BOD) incubator. Colony 
Forming Units (CFUs) were counted on the plates from all 
three groups to assess fungal growth. After infection, topi-
cal treatments were applied daily for 7 days, except for the 
normal control and untreated control group. Groups C and 
D received optimized LZL-ETs gel and LZL-conventional 
gel. Physical changes on the skin were documented with 
photographs. After treatment, CFUs were counted again to 
compare fungal growth to initial levels.

Histopathology Study  In the histopathology study, two ani-
mals per group were euthanized under anesthesia via spinal 
dislocation. After the treatment period, skin samples were 
excised, fixed in 10% formalin, and processed for paraffin 
embedding at a histological facility. Sections were sliced 
from the paraffin blocks, stained with haematoxylin and 
eosin (H&E), and mounted on glass slides for subsequent 
examination under a high-power light microscope. Images 
were then captured for detailed histopathological analysis 
[33].

Skin Irritation Study  To conduct the skin irritation test, 
a shaved 1 cm2 area of the rat's skin was equally covered 
with a small amount of the formulation. A uniform grading 
system was employed to determine the degree of irritation, 
with scores ranging from 0 (no erythema) to 4 (fiery redness 
combined with swelling), facilitating consistent evaluation 
of the degree of redness.

Results and Discussion

Quality by Design Approach

Identifying CQAs and Defining QTPP

The Quality Target Product Profile (QTPP) and associ-
ated goals for developing ethosomal formulation with 
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luliconazole is compatible with ICH guidelines and prelimi-
nary formulation assessments. The objective is to maximize 
pharmacodynamic characteristics and improve penetration 
into the basal layer of the epidermis by selecting Critical 
Quality Attributes (CQAs) based on the Quality Target Prod-
uct Profile (QTPP). Vesicular size, entrapment efficiency, 
and polydispersity index of luliconazole ethosomes were 
identified as crucial for enhancing drug permeation and 
retention in the dermal layer. These selections were vali-
dated with solid rationale from literature, previous research, 
and established knowledge. Optimal vesicle size and Poly-
dispersity Index (PDI) are pivotal, balancing skin penetra-
tion benefits with systemic absorption risks. Maximized 
entrapment efficiency is essential for optimal therapeutic 
outcomes, emphasizing ethosomal gel for enhanced skin 
penetration and retention, aiming for sustained release and 
avoiding systemic effects. The formulation targets a vesicle 
size of 100–300 nm, high entrapment efficiency, and mini-
mal PDI to ensure stable and effective therapeutic outcomes.

Design of Experiments (DoE)

The Box-Behnken design is used, the selected independent 
factors affecting the final responses were simultaneously 
optimized after the Quality Target Product Profile (QTTP) 
and Critical Quality Attributes (CQA) were confirmed and 
(Table I & II) provides a brief overview of all the experi-
mental procedures. The seventeen experimental runs were 
devised using the Box-Behnken Design, the result of particle 
size, entrapment efficiency and PDI, subsequent observations 
were thoroughly recorded which are show in (Table III). The 
Analysis of Variance (ANOVA) evaluates the significance of 
the mathematical model by assessing variations, incorporat-
ing an adjusted R2 value and a lack of fit test, both exceed-
ing the 0.9 threshold. The collected observations indicated 

a p-value < 0.0001 for X1, X2, and X3, highlighting the 
significance of these variables in the model. This suggests 
potential for further optimization research. Overall, the study 
demonstrates a strong correlation and compatibility with the 
statistical analysis [35, 40]. In all polynomial equations and 
perturbation plots, software-generated coded variables A, 
B, and C correspond to the actual independent variables X1 
(Phospholipids), X2 (Ethanol), and X3 (Squalene), respec-
tively. The use of coded terms ensures simplified interpreta-
tion of statistical interactions.

Polynomial Equation

Effect of Critical Material Attributes on Vesical Size (Y1)  The 
response showed by software that the effect of variable on 
particle size is following quadric equation and the equation 
was found to be

The impact of independent variables X1, X2, and X3 on Y1 
was assessed using permutation, polynomial, and contour 
analyses. Positive signs indicated synergism, while negative 
signs indicated antagonism in their effects on the response. 
X1 and X2 predominantly reduced Y1 positively, favoring 
excipient compatibility but increasing risk to the response. 
Combined interactions (X1X2, X2X3, X1X3) led to tempo-
rary decreases in particle size, ensuring formulation stability. 
Perturbation analysis (Fig. 2) showed no significant inher-
ent interactions among variables. The 3D contour plot and 
blend dependency graph (Fig. 1) illustrated the quadratic 
equation's influence. Increasing X1 and X3 antagonistically 
increased size, whereas incorporating X2 with X1 and X3 
produced nanosized ethosomes (160.9–420.3 nm).

VS (Y1) = 194.2 + 99.65A + −14.1625B + −23.6875C

+ −20.6 AB + −6.05 AC + −3.925 BC

+ 83.8625 A2 + 6.1375 B2 + 11.3875 C2

Table I   Box-Behnken design 
using both coded and actual 
values, distinguishing between 
independent and dependent 
variables is crucial

Factor Name Type Low Actual High Actual Low Coded High Coded Mean

X1 Phospholipids
(mg)

Numeric 200 400 −1  + 1 300

X2 Concentration 
of ethanol 
(ml)

Numeric 20 60 −1  + 1 40

X3 Squalene (µL) Numeric 120 160 −1  + 1 140

Table II   Dependent variable 
Y1, Y2, Y3 minimum and 
maximum value

Response Name Unit Obs Analysis Minimum Maximum

Y1 Vesical size nm 17 Polynomial 160 424
Y2 Entrapment efficiency % 17 Polynomial 34 89.5
Y3 Polydispersity index – 17 Polynomial 0.199 0.374
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Effect of CMAs on the Entrapment Efficiency (Y2)  The Design 
of Experiments (DOE) approaches were also used to evalu-
ate the effects of particular variables on Y2. The polynomial 
equation shows the positive outcome of statistical optimiza-
tion, showing that the factors' combined synergistic effect pro-
duced a desired entrapment efficiency result. The entrapment 
efficiency varied between 34.4% and 89.5%, indicating a note-
worthy 20-fold increase in Y1 via the combined interaction 
factors. Perturbation analysis, depicted in Fig. 2 and 3D plot, 
indicated no need for log or power transformations, affirming 
the suitability of proposed variables for the study. Analysis 
highlighted X1 and X3 significantly enhance luliconazole 
encapsulation efficiency, while X2's negative linear coeffi-
cient shows ethanol diminishes entrapment, consistent with 
prior research. X2 exhibits a quadratic effect within 30–50 ml, 
influenced by X1 and X3, achieving 89.5% efficiency. Stable 
interaction among X1, X2, and X3 defines an effective design 
space for optimizing entrapment efficiency.

Effect of CMAs on the PDI of Ethosomes (Y3)  The poly-
dispersity index (PDI) serves as a crucial indicator of 
vesicle stability in ethosomes, reflecting the formula-
tion's size homogeneity and dispersion-mediated stabil-
ity. The influence of X2 and X3, particularly at a 40% 
concentration, acts as a co-amphiphilic, reducing interfa-
cial tension and promoting stable compatibility, thereby 
favoring PDI reduction (Fig. 1) Additionally, positive 

EE (Y2) = 65.64 + 7.7625 A + −16.75 B + −10.9125 C

+ −5.25 AB + −2.325 AC + 1.2 BC

+ −3.1825 A2 + −4.2575 B2 + −2.1325 C2

outcomes from combined interaction terms align with 
vesicle size analysis above 126.2 µL have a neutral effect 
on X1, while increasing X2 and X3 concentrations con-
tribute to stable responses. Thus, the analysis suggests an 
independent relationship between X1 and X3, with X1, 
X2, and X3 identified as potential variables for optimal 
response effects.

Analysis of Variances  The analysis of variance (ANOVA) in 
confirms the significance of the mathematical model. Key 
statistical tests, including lack of fit and an adjusted R2 value 
exceeding 0.9, underscore the model's robustness. The p-val-
ues for X1, X2, and X3 (< 0.0001) indicate significant model 
terms relative to these variables, validating their relevance 
for optimization studies. Overall, the fit statistics are strongly 
aligned with the study's objectives.

Pre‑formulation Studies

Physical Appearance

The luliconazole was visually inspected and found to be 
white crystalline powder, odorless as illustrated in the 
Indian pharmacopeia monograph.

Melting Point

The melting point of Luliconazole was determined 
to be 153–160  °C using a validated method, ensuring 

Table III   The experimental 17 
runs were devised using the 
Box-Behnken Design, the result 
of particle size, entrapment 
efficiency and PDI observations

Runs Phospholipid 
mg (X1)

Concentration of 
ethanol % (X2)

Squalene µL 
(X3)

Vesicular Size 
(nm) (Y1)

% EE (Y2) PDI (Y3)

1 0 0 0 200.5 70.1 0.216
2 0 0 0 195.5 65.3 0.21
3 0 0 0 163.4 61.9 0.23
4 0 0 0 200.9 64.2 0.199
5 0 0 0 210.7 66.7 0.194
6 0 1 1 160.9 34.8 0.371
7 0 −1 1 210.4 65.6 0.374
8 0 1 −1 220.9 50.5 0.356
9 0 −1 −1 254.7 86.1 0.223
10 1 0 1 365.6 52.6 0.362
11 −1 0 1 170.7 42.5 0.334
12 1 0 −1 424.3 82.8 0.293
13 −1 0 −1 201.2 63.4 0.266
14 1 1 0 351.9 44.2 0.294
15 −1 1 0 201.5 38.4 0.316
16 1 −1 0 408.1 89.5 0.326
17 −1 −1 0 175.3 61.7 0.229
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Fig. 1   Three-dimensional (3D) plot shows the effect of independent variable on dependent variable

Fig. 2   Perturbation analysis of effect of the independent variable on dependent variable
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accuracy[41]. This property is crucial for assessing the 
compound's purity, as a pure sample displays a sharp 
melting point. Impurities can broaden this range. Luli-
conazole's melting point also impacts its formulation into 
creams and ointments; it must be lower than the formula-
tion's melting point for uniform distribution[42]. Factors 
like purity, impurities, and storage conditions influence 
luliconazole melting point. Consistency with the literature 
value suggests purity.

Partition Coefficient

The partition coefficient (log10 P) of luliconazole was 
determined to be 3.803 ± 0.001 indicating its lipophilic 
nature[16].

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR Spectrum of LZL was obtained by scanning the 
drug in the range of 4000 to 400  cm−1. Major peaks 
observed were as 657 cm−1and 1059 cm−1 (Aromatic C–Cl 
Stretch), 1586 (C = C aromatic stretch), C-N (1238 cm−1, 
1309 cm−1), C = N (1633 cm−1), C≡N (2200 cm−1), C–C 
(3039 cm−1) whose presence resembled the structure of 
LZL[27].Observed FTIR spectra and standard value were 
as depicted in Fig. 3. The observed value was within the 

range or very close to the characteristic peaks of standard 
value confirming drug as LZL.

Compatibility Studies of Drug and Excipients by FTIR 
Spectroscopy

The lack of significant changes in the FTIR spectra after 
physical mixing the drug and excipients indicates no 
chemical incompatibility. This assures the accurate mix-
ing without compromising Luliconazole's stability. The 
presence of characteristic functional groups in the excipi-
ents suggests potential interactions, yet further studies are 
necessary for confirmation. The stacked spectra of Luli-
conazole and soy lecithin in Fig. 4 demonstrate no notable 
changes post-mixing, reinforcing the absence of chemical 
incompatibility and ensuring safe combination without 
affecting Luliconazole's stability.

Determination of Absorption Maxima Using UV–Visible 
Spectroscopy

The absorption maxima of λmax of LZL in methanol were 
found to be 295 nm. The absorption maximum of luli-
conazole was determined according to standard protocol at 
295 nm (λmax) across concentrations ranging from 2–10 μg/
ml. The regression equation obtained was 0.0739x—0.0063, 

Fig. 3   FTIR spectra of Luliconazole
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with a coefficient of determination (R2) of 0.9954. This 
study aimed to validate methods for both qualitative and 
quantitative analysis of luliconazole absorption [41].

Calibration Curve in Methanol: Acetate Buffer (5.5)  The cali-
bration curve of LZL was prepared using methanol: acetate 
buffer (5.5). The result shows linearity, and the R2 value is 
0.9979 [31].

Calibration Curve in Methanol: PBS Buffer (7.4)  The cali-
bration curve of LZL was prepared using methanol: PBS 
buffer 7.4. The result shows linearity, and the R2 value is 
0.9954. This confirms the reliability of the selected analyti-
cal method, likely UV spectrophotometry, for analysing luli-
conazole encapsulated in the lipid-based nano-formulation. 
The high coefficient of determination (R2) guarantees pre-
cise determination of drug concentration through absorbance 
measurements, enabling accurate assessment of drug loading 
and encapsulation efficiency in the nano-formulation [43].

DSC

The DSC thermogram of the drug is shown in Fig. 5. The 
drug endothermic peak is 160.84 ͦ C, which is consistent with 

its reported value. The DSC endothermic peak indicates that 
the drug is crystalline [29].

Size and Polydispersity Index, and Morphological 
Evaluation

The ethosomes had an average vesicular size of 
209 ± 9.82 nm (Fig. 6a). The polydispersity index (PDI) was 
0.198 ± 0.001, indicating a uniform size distribution of the 
nanoparticles. Ethosomes with these characteristics enable 
easy penetration through the stratum corneum, enhanc-
ing their effectiveness. Figure 6, (a) [35]. Low PDI values 
highlight the colloidal carriers' homogeneity and stability, 
ideal for effective topical drug delivery to the skin [44]. The 
morphological evaluation, conducted through TEM images, 
revealed that the ethosomes exhibited a spherical shape and 
200 nm size is observed [45, 46]. Figure 6(b): Size scale 
which is shows TEM image in red colour.

Entrapment Efficiency and Drug Loading

Entrapment efficiency of the optimized batch was 
81.5 ± 0.56%, and drug loading was found to be 
28.5 ± 1.1%, respectively. The high entrapment efficiency 

Fig. 4   FTIR-Based Drug-Excipient Compatibility Analysis
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of ETs makes them a promising drug delivery system for a 
variety of applications. The results indicate that ethosomes 
are faster at absorbing and transferring the lipophilic 

substance LZL. The capacity to promote topical drug dis-
tribution proves extremely valuable, especially when it 
comes to treating fungal diseases [41].

Fig. 5   DSC thermogram of luliconazole

Fig. 6   a Intensity distribution graph of optimized formulation, b morphological evaluation of optimized TEM
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Characterization of Gel

Texture Analysis of Gel: Evaluation of pH, Adhesiveness, 
Stringiness

The gel formulation exhibited a pH of 6.74 ± 0.3. Adhesive-
ness measured at 1.012 mJ, stringiness length at 0.213 cm, 
and hardness at 0.17 N. Carbopol 934 and HPMC serve 
as thickening and gelling agents. Carbopol 934 formed a 
stronger gel compared to HPMC. This implies that Carbopol 
934 gels are less adhesive, have shorter stringiness lengths, 
and are harder than HPMC gels. Lower concentrations of 
HPMC maintained gel stringiness. Upon application to the 
skin, the gel exhibited good smoothness and non-stickiness 
[33].

Spreadability of Gel

The optimised LZL-loaded ethosomal gel formulation dem-
onstrated a spreadability value of 7.9–0.52 g. cm/sec, while 
the conventional gel formulation displayed a spreadability 
value of 5.8–0.34 g. cm/sec, according to studies on spread-
ability [47]. This result aligns with the previously reported 
findings of a lipid gel encapsulating topical luliconazole. 
Increasing the polymer concentration decreases the spread-
ability of the gel due to higher viscosity.

In‑vitro Drug Release

The LZL-solution (DR-LZL), LZL-conventional gel and 
LZL-ETs-g formulations' release patterns have been evalu-
ated using the dialysis bag method. As per the results, LZL-
solution (DR-LZL), demonstrated immediate first burst 
release, releasing roughly 55.0 ± 0.9% of LZL in just 2 h 
and 96.38 ± 0.8% in 4 h. The LZL-conventional gel shows 
45 ± 1.35% in 12 h which is poor drug release profile, due to 
the dense gel and absence of penetration enhancer. The LZL-
ETHs-gel's in vitro experiments showed a quick drug release 

of 20.9 ± 2.4% (contained within the carrier) in first 2 h, 
which was followed by a sustained release of 84.39 ± 1.5% 
for 12 h. The ETs gel showed sustained or delayed release 
following best fit as the Higuchi model with R2 value is 
0.9884. The LZL-ETs-gel shows promise for delivering luli-
conazole, as evidenced by the release pattern depicted in 
Fig. 7. Initially, there is a burst release attributed to the drug-
enriched shell, followed by sustained release from the etho-
some core. Drug diffusion occurs in two phases: across the 
gel structure and from reservoir vesicles, crucial for achiev-
ing both prolonged and burst release, essential for effective 
dermal application, ensuring sustained drug delivery, and 
enhanced penetration [29, 48].

In‑vitro Anti‑fungal Activity

In this study, the free drug solution, Optimized LZL-ETs-
gel, and conventional gel are all tested against Candida albi-
cans. The results showed that the free drug solution had the 
largest inhibition (22.7 mm), followed by the LZL-ETs-gel 
(19.4 mm), and the conventional gel (17.3 mm). The zone 
of inhibition shows in Fig. 8. This suggests that the ET for-
mulation is more effective than the conventional formulation 
at inhibiting fungal growth. The results of this study are 
promising and suggest that the LZL-ETs-gel could be used 
as the formulation of choice for the treatment of the disease. 
Squalene-based ETs are a type of drug delivery system that 
can improve the solubility and bioavailability of the drug. 
This can lead to increased efficacy and reduced side effects.

Ex‑vivo Permeation Study

The results of the ex-vivo permeation study in (Fig. 9) 
showed that the LZL-ETs-gel formulation was able to 
deliver the drug to the skin more effectively than the free 
drug solution or the conventional formulation. The lipid-
based LZL-ETs-gel formulation, enriched with squalene, 
enhances drug penetration through the skin by increasing 

Fig. 7   In-vitro drug release of 
free drug solution, Optimized 
ETs-gel, and LZL-conventional 
gel
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drug solubility in ethosomes and potentially disrupting 
the skin's lipid bilayer. This formulation is suggested to 
be more effective than free drug solution or conventional 
formulations, allowing for higher drug concentrations 
in the skin. The drug permeability of LZL-conventional 
gel and LZL-ETs-gel through pig skin was 0.20 ± 0.01% 
and 0.60 ± 0.02% at 2 h, respectively, 9.16 ± 0.70% and 
6.42 ± 0.28% during 8  h of the study. LZL-ETs-gel 
retained a higher concentration of drug in the skin layer 
after 8 h. within 8 h, LZL-conventional gel and LZL-
ETs-gel had drug retention rates of 45.74 ± 0.84% and 
75.30 ± 1.37%, respectively (Fig. 10). The study showed 
that the ethosomes formulation had a higher proportion 

of drug deposition than the ordinary drug-containing gel. 
The results show that nano-vesicular components mixed 
into the gel can exert depot effect by reaching deeper 
into the dermal layer. Furthermore, the ethosomal coating 
allows for easier reach into cells and liquid lipid squalene 
which help to retain a high percentage of drug in skin, 
because the addition of squalene in ethosomal formula-
tions restores lipid content on sebum. It enhances drug 
transfer through skin layers via partitioning, increase 
moisture, and prolongs retention in the dermis. This 
squalene based ethosomal gel of Luliconazole show bet-
ter localized effect and compared to the conventional gel 
formulation [38, 49].

Fig. 8   shows that the A normal 
Control, B LZL- solution, C 
LZL-conventional gel, D LZL–
ETs-gel. Zone of inhibition of 
free drug (LZL-solution), opti-
mized LZL-ETs-gel, and con-
ventional gel against Candida 
albicans. The free drug showed 
the highest antifungal activity, 
followed by LZL-ETs-gel and 
conventional gel, indicating 
improved efficacy of the ETs 
formulation

Fig. 9   Ex vivo permeation study 
cumulative % release SD < 5%
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In‑vivo Anti‑fungal Activity

The in vivo study utilized a Candida albicans-induced myco-
sis model to gain insights into the pharmacodynamic effects 
of the formulation. The growth and behaviour of the strain 
differ significantly inside living organisms compared to 

outside, complicating the assessment of drug activity solely 
through in vitro experiments. Therefore, this study aids in 
accurately predicting the antifungal efficacy of prepared 
formulations of LZL-ETs-gel and comparing them with its 
conventional formulation. In vivo infections in rats were con-
firmed through microbiological assessment of skin scraping 
samples obtained from the infected animals under investiga-
tion. Figure 11 (B, C, D). The results of study showed that 
the LZL-ETs-gel was more effective than the conventional 
gel reduced the growth of fungus. This is allowed the drug 
to reach higher concentration in the skin, which is necessary 
for effective treatment of Candida albican infection. The 
results of study shows that the LZL-ETs-gel formulation a 
more effective and safer way to treat dermatophytosis than 
the conventional formulation of drug. The LZL-ETs-gel for-
mulation enhances penetration and prolongs retention time, 
as demonstrated in ex-vivo studies. Moreover, the ethosomal 
gel does not induce side effects such as skin irritation or 
allergic reactions[33].

Histopathology Study  Histopathological evaluation 
Fig. 12 of skin samples were conducted using H&E staining. 
Histopathological evaluation using H&E staining (Fig. 12) 
of rat skin samples revealed distinct layers in control skin, 
including the stratum corneum, stratum granulosum, stra-
tum spinosum, and stratum basale, with intact structures like 
hair follicles, sweat glands, sebaceous glands, and dermal 

Fig. 10   Skin deposition study

Fig. 11   Photographic images 
of rat show A)normal control, 
which is uninfected, B Control 
(infected and untreated), C and 
D shown before and after treat-
ment in vivo anti-fungal activity 
of optimized LZL-ETs-gel and 
Conventional gel against Can-
dida albicans after 7 days

(A) Normal Control (B) Control (Diseased 
and untreated)

(C) LZL-ETs-gel 
(treated)

(D) Conventional-gel 
treated)

D
ay

 1
D

ay
 7
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papillae. (B) Group Infected, untreated skin exhibited 
increased epidermal thickness, hyperkeratosis, congestion, 
degeneration, extensive necrosis, and candidal spores in the 
dermis. The (C) group treated with optimized ethosomal 

gel showed minimal fungal spores, significant skin recovery 
with a well-defined epidermis, reduced inflammation, and 
edema. In contrast, the conventional gel-treated group (D) 
displayed fungal hyphae and spores in the epidermis and 

Fig. 12   Histopathological examination showed that the A control 
group which is not infected with diseased B diseased and untreated 
group of animals exhibited skin congestion. C skin treated with LZL-

ETs-gel, showing better improvement in skin structure as compare 
to conventional treated gel, D group treated with conventional gel, 
which shows spores in epidermis and dermis



AAPS PharmSciTech           (2026) 27:42 	 Page 17 of 19     42 

dermis. Overall, LZL-ETs-gel demonstrated dermatologi-
cal tolerance and safety for topical use. [33, 38]. The overall 
result showed that LZL-ETs-gel remained in the appropriate 
limits for dermatological tolerance and was considered safe 
for topical usage.

Skin Irritation Studies

Skin irritation assessments were carried out in Wistar rats 
to determine the potential for irritation from a conven-
tional formulation and ethosomes in comparison to a posi-
tive control using formalin solution. The medications were 
applied twice each day to the rat's shaved dorsal region. The 
animals were observed for signs of cutaneous discomfort 
for four days. The formalin-treated group exhibited clear 
signs of skin irritation, with all animals showing grade 3 
to 4 irritation, characterized by fiery redness and swelling 
(erythema and edema), indicating significant dermal toxic-
ity. In contrast, rats treated with both the conventional gel 
and the ethosomal formulation showed no visible signs of 
erythema or edema, corresponding to an irritation score of 
0 in all animals throughout the observation period (Shown 
in Fig. 13). This is in acute contrast to the results obtained 
with formalin solution, a well-known skin irritant. and ETs 
are non-irritating to the skin of the Wistar rats. The pres-
ence of biodegradable lipid squalene lowers the possibility 
of toxicity [35, 44].

Conclusion

The study demonstrates the significant potential of a squalene 
based ethosomal gel enhancing skin penetration, moisture 
retention, and localized drug delivery efficacy against moder-
ate to severe fungal infections. To attain specified key quality 

attributes (CQAs) in novel formulations, the LZL-ETs drug 
delivery system was developed and optimized with the Box-
Behnken design method. Major material characteristics were 
changed in 17 formulations based on predictions generated 
by Design Expert software (version 13), including phospho-
lipid amount, squalene, and ethanol. Using similar software, 
vesicle size, entrapment efficiency, and PDI values were then 
measured and examined. The spherical shape of the etho-
somes, with their uniform size as well as distribution, has 
been demonstrated by TEM images. The ex vivo skin per-
meation and retention studies showed significantly enhanced 
skin penetration and deposition with the nano-formulation 
gel. Skin irritation assessments conducted on rat skin indi-
cated the absence of erythema. In-vivo antifungal activity 
experiments demonstrated that the novel LZL-ETs-gel for-
mulation accelerated recovery in infected rats effectively. 
Consequently, LZL Ethosomal gels represent a promising 
formulation to maximize antifungal effectiveness against 
Candida albicans skin infections, potentially improving 
patient compliance and treatment outcomes.
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Fig. 13   Skin irritation assess-
ment in Wistar rats following 
topical application of formula-
tions over 4 days. The figure 
shows representative images 
of rat dorsal skin treated with 
A formalin solution (positive 
control), B conventional gel 
formulation, and C LZL-ETs-
gel formulation. Formalin-
treated rats exhibited visible 
erythema and edema, indicating 
significant skin irritation. In 
contrast, rats treated with both 
the conventional gel and ETs gel 
showed no signs of irritation, 
resulting in the formulations 
being skin compatible
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