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	 Amphotericin B (BCS Class IV), an effective treatment for cutaneous leishmaniasis, 
has limited topical application due to poor skin penetration and stability. To overcome these 
challenges, this study aimed to formulate Amphotericin B-loaded nanostructured lipid carrier 
(NLC) gel to enhance drug encapsulation, stability, and controlled release. Amphotericin 
B-loaded NLCs were synthesized using a microwave-assisted method, which improved 
encapsulation efficiency and controlled particle size. The NLC dispersion was then incorporated 
into Carbopol 934 to form a gel. Characterization included particle size, zeta potential, 
morphology, spreadability, extrudability, in vitro drug release, ex-vivo skin permeation, and 
histopathological evaluation. The NLCs had a particle size of 180 nm, a polydispersity index of 
0.32, and a zeta potential of –28.8 mV, ensuring stability. The Amphotericin B-NLC gel exhibited 
favorable physicochemical properties, including a smooth texture, a pH of 6.3, extrudability 
(9.5 ± 0.12 gm/cm²), and spreadability (6.4 cm). In vitro release studies demonstrated sustained 
release, with 48.05% drug release after 8 hours. The release kinetics followed the Higuchi model, 
indicating Fickian diffusion as the release mechanism. Ex-vivo permeation studies showed 
significantly enhanced skin permeation with the NLC and NLC gel formulations compared 
to the aqueous dispersion. Histopathological analysis indicated no signs of toxicity, with 
preserved skin integrity. The Amphotericin B-NLC gel formulation may significantly improve 
drug delivery for treating cutaneous leishmaniasis by enhancing skin penetration, providing 
controlled release, and demonstrating excellent safety.
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	 Parasitic skin infections represent a 
distinct category of dermatological conditions 
characterized by the invasion of parasites, leading 
to a spectrum of symptoms that can range from 
mild irritation to severe complications. A notable 
example is cutaneous leishmaniasis, which 
is caused by protozoan parasites of the genus 
Leishmania and primarily transmitted through the 
bites of infected sandflies.1 This disease presents a 

complex array of clinical manifestations, ranging 
from small, raised nodules to painful ulcers 
significantly affecting a patient’s quality of life. 
Lesions typically heal slowly, often leaving scars 
that can lead to psychological distress and social 
stigma.2,3 At present, 18 different Leishmania 
species are known to infect humans. Although 
these species have very similar morphologies, the 
primary clinical manifestations of leishmaniasis are 
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visceral leishmaniasis and cutaneous leishmaniasis 
(CL).4CL is often described as a “cluster of 
diseases” due to the broad range of clinical 
manifestations it presents. These manifestations 
range from localized cutaneous leishmaniasis 
with ulcerative skin lesions to more extensive 
forms like diffused cutaneous leishmaniasis, which 
involves widespread lesions, and mucocutaneous 
leishmaniasis, which causes mucosal damage.5The 
first-line treatment for cutaneous leishmaniasis 
often involves systemic antimony compounds, 
such as sodium stibogluconate or meglumine 
antimoniate, which are effective but can cause 
severe side effects like liver and kidney toxicity, and 
are costly and require prolonged administration.6 
Alternatively, oral azoles like ketoconazole or 
itraconazole may be used, offering an option with 
potentially fewer immediate side effects but posing 
risks of liver toxicity and drug interactions, and 
their efficacy can vary.7,8 Topical treatments such as 
paromomycin are used for localized lesions but are 
less effective for larger or deeper infections and can 
cause local irritation.9 Local therapies, including 
cryotherapy and thermotherapy, are effective for 
specific cases but can be painful, may lead to 
scarring, and often require multiple sessions.10 
Amphotericin B is critical in treating cutaneous 
leishmaniasis due to its potent action against 
the parasites. It binds to ergosterol in the cell 
membranes, forming pores that disrupt membrane 
integrity, leading to cell lysis. While Amphotericin 
B is effective, its clinical use is hindered by 
significant nephrotoxicity and hematologic 
toxicity. Additionally, Amphotericin B’s poor 
oral bioavailability necessitates formulation 
strategies like nanostructured lipid carriers (NLCs) 
to improve therapeutic outcomes in cutaneous 
leishmaniasis treatment.11,12 Current treatments 
for leishmaniasis have significant limitations, 
highlighting the need for advanced drug delivery 
systems. Topical formulations are often favored 
for the treatment of dermatological disorders 
as they allow for direct delivery of the active 
pharmaceutical ingredient (API) to the target site, 
minimizing systemic exposure and associated side 
effects. Various formulations, including creams, 
ointments, gels, lotions, and patches, exhibit 
distinct physicochemical characteristics that make 
them suitable for specific therapeutic applications. 
These differences in texture, absorption kinetics, 

and delivery mechanisms enable the optimization 
of treatment strategies. For instance, the emulsion 
nature of creams and lotions facilitates effective 
hydration by retaining moisture, while the occlusive 
properties of ointments enhance the skin’s barrier 
function. Gels provide rapid absorption and a 
cooling effect, making them particularly beneficial 
for inflammatory conditions.13,14 Despite these 
advantages, conventional topical formulations 
face significant challenges in overcoming 
the stratum corneum, a major barrier to drug 
permeation that limits the therapeutic efficacy of 
treatments, especially for lipophilic drugs with 
poor solubility.15 To address this limitation, lipid-
based nanocarriers have been widely investigated 
as a promising strategy for improving the topical 
delivery of poorly soluble drugs. These lipids based 
nanocarriers enhance the drug solubility within the 
matrix and facilitate its penetration through the skin 
layers, thereby improving the overall efficacy of 
the treatment. To improve the topical application 
of Amphotericin B for treating cutaneous 
leishmaniasis, we formulated a gel using NLCs. 
In our previous study, we investigated the efficacy 
of Amphotericin B-loaded Nanostructured Lipid 
Carriers against Leishmania donovani infection in 
THP1 cells.4 The results showed that Amphotericin 
B-NLC exhibited greater inhibition of L. donovani-
infected cells compared to free Amphotericin B 
at the same concentrations, with IC

50
 values of 

0.272 µg/ml and 0.414 µg/ml, respectively. This 
confirmed that the NLC formulation significantly 
enhanced the therapeutic efficacy of Amphotericin 
B. Building upon these findings, the current 
study focuses on the formulation of a topical 
Amphotericin B-NLC gel, aiming to leverage 
the previously demonstrated benefits of NLCs 
for improved drug delivery. The enhanced skin 
penetration and sustained release properties of 
the NLC gel may further amplify the therapeutic 
potential of Amphotericin B, particularly in the 
treatment of dermatological conditions, such as 
cutaneous leishmaniasis. The improved efficacy 
of Amphotericin B-NLC in previous research 
suggests that encapsulating Amphotericin B in 
NLCs can enhance its biological activity. Given 
the success in intracellular delivery and inhibition 
of L. donovani cells, it is hypothesized that the 
same NLC technology, when applied topically in 
gel form, will not only enhance skin penetration 
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but also maintain sustained drug release at the 
application site, resulting in better treatment 
outcomes for dermatological conditions. 

Materials and Methods

Materials 
	 Tween 80 was obtained from Loba 
Chemie Private Limited, while Amphotericin 
B was sourced from MP Biomedical. Beeswax 
and oleic acid acquired from Sisco Research 
Laboratories Private Limited, and Carbopol 934 
was purchased from HiMedia Laboratories Private 
Limited. 
Microwave assisted synthesis of Amphotericin 
B brimmed NLC and NLC Gel
	 Amphotericin B-brimmed nanostructured 
lipid carriers were prepared employing a microwave-
assisted single-pot method, as described in our 
previous research.4 Briefly, a specific amount of 
Amphotericin B was combined with a mixture of 
beeswax and oleic acid (7:3; 2% w/w), along with 
surfactant (Tween 80; 4% w/v), and heated at 80°C 
with continuous stirring (500 rpm) for 15 minutes 
using a microwave synthesizer with a power output 
not exceeding 18 W. This formulation was chosen 
based on our previous study,4 which optimized the 
composition for nanostructured lipid carrier (NLC) 
preparation. The resulting nanoemulsion was then 
dispersed in water by sonication in an ultrasonic 
bath for 30 minutes, yielding an Amphotericin 
B-loaded NLC dispersion. The NLCs were 
characterized for particle size (PS), polydispersity 
index (PdI) and zeta potential using dynamic light 
scattering (DLS), and encapsulation efficiency 
was also determined. After successfully preparing 
and characterizing the Amphotericin B-NLCs, 
a gel formulation was prepared. Specifically, a 
measured amount of Carbopol 934 was dispersed 
into the Amphotericin B-NLC dispersion and 
mixed thoroughly using a stirrer at 100 rpm until 
the gelling agent was uniformly distributed. The 
mixture was then neutralized with triethanolamine 
to achieve a gel with the desired viscosity. Three 
different concentrations of Carbopol (0.50%, 
0.75%, & 1% w/v) were tested and evaluated to 
determine the optimal formulation. Additionally, an 
Amphotericin B aqueous dispersion was prepared 
at the same Amphotericin B concentration as the 
NLC gel for comparison.

Characterization of Amphotericin B-NLC and 
Amphotericin B-NLC Gel
	 T h e  A m p h o t e r i c i n  B - l o a d e d 
Nanostructured Lipid Carriers were characterized 
using DLS, High-Resolution Transmission 
Electron Microscopy (HR-TEM), and Fourier 
Transform Infrared Spectroscopy (FT-IR). The 
physicochemical properties of the Amphotericin 
B-NLC gel were systematically evaluated, 
including color, odor, clarity, pH, and stability. 
Additionally, the Amphotericin B-NLC gel was 
assessed for attributes such as physical appearance, 
extrudability, spreadability & consistency. Further 
investigations included ex vivo permeation, in vitro 
release and histopathological analysis.
Dynamic Light Scattering (DLS)
	 DLS was utilized to assess the average 
PS and zeta potential of Amphotericin B-brimmed 
NLCs. This technique evaluates the PS distribution 
in aqueous suspension by monitoring the variations 
in light scattered from the particles as a result of 
Brownian motion.16 The PS and zeta potential 
measurements were carried out in triplicate using 
a Nano ZS90 Zetasizer (Malvern Instruments, UK) 
in automatic mode at a 90° scattering angle, with 
a 120-second equilibration time. 
High-Resolution Transmission Electron 
Microscopy 
	 The morphology of the Amphotericin 
B-NLC formulation was analyzed using HR-
TEM. The sample was prepared by diluting the 
Amphotericin B-NLC dispersion 1:10 (v/v) with 
deionized water. A small amount of the diluted 
dispersion was applied to carbon-coated HR-
TEM grids, and the excess liquid was removed 
by blotting. The grids were then left to dry at 
room temperature before being examined under 
a transmission electron microscope (Zeiss EM 
900).17,18

Fourier Transform Infrared Spectroscopy
	 FT-IR spectroscopy was employed to 
analyze the interaction between Amphotericin 
B and the excipients of the formulation. The 
FT-IR spectra of both lyophilized Amphotericin 
B-NLC and pure Amphotericin B were recorded. 
To prepare the sample, a small amount of the 
lyophilized Amphotericin B-NLC was mixed with 
potassium bromide and then compressed into a 
pellet utilizing an IR hydraulic press (CAP-15 T, 
PCI Analytics, Mumbai, India). The FT-IR spectra 
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were recorded over a range of 400–4000 cm”1 with 
a resolution of 1 cm”1 .20 
Physical appearance, uniformity and pH
	 The physical characteristics, uniformity, 
and pH of the Amphotericin B-NLC gel were 
systematically evaluated for clarity, consistency, 
color, and the presence of any particulate matter 
.21 To detect potential undesirable particles, the 
preparation was examined against both white and 
black backgrounds.22 Given the critical impact of 
pH on the gel’s stability, solubility, and therapeutic 
efficacy, precise measurement was performed. For 
this, 1 gram of the Amphotericin B-NLC gel was 
dissolved in 35 mL of distilled water and stirred for 
15 minutes to ensure a uniform dispersion. The pH 
was then measured at room temperature using a pH 
meter (Delta 320, Mettler Toledo, Switzerland).22 
This procedure was repeated three times to ensure 
reproducibility, and the average pH value was 
calculated.
Extrudability test
	 The extrudability of the Amphotericin 
B-NLC gel was quantitatively assessed using a 
standardized extrusion test or tube test. In this 
method, the weight (gm) required to extrude a 0.5 
cm ribbon of gel from an aluminum collapsible tube 
within 10 seconds was determined.23,24 To ensure 
accuracy, the test was conducted in triplicate, and 
the average weight required for extrusion was 
calculated. The extrudability of the formulation 
was then determined using the following formula:

Spreadability
	 The spreadability of the Amphotericin 
B-NLC gel was quantitatively assessed to determine 
its ability to spread and uniformly distribute on 
the skin surface.25 In this test, 0.5 grams of the 
Amphotericin B-NLC gel was carefully placed 
within a pre-drawn circle with a 2 cm diameter on 
a 10 × 10 cm glass plate. A second glass plate of 
identical dimensions was then positioned on top 
and a 500 g weight was applied for 5 minutes.26,27 
The extent of spread was evaluated by measuring 
the increase in the diameter of the gel, recorded as 
the final diameter (cm) of the expanded gel area.
In-vitro drug release studies
	 In vitro release of Amphotericin B 
from aqueous dispersion, Amphotericin B-NLC, 

and Amphotericin B-NLC gel were carried 
out using a dissolution apparatus (USP-II, 
Electrolab Dissolution Tester, 2,109,048, India). 
The Amphotericin B-NLC gel was placed in a 
pre-activated dialysis membrane & immersed in 
300 ml of phosphate buffer (pH 6.8), stirred at 
100 rpm. At specified intervals over an 8 h period, 
5 ml samples were withdrawn & replenished with 
an equal volume of fresh release medium. The 
samples were then analyzed using a UV-Visible 
spectrophotometer at a wavelength of 407 nm (ëmax). 
The experiment was repeated three times to ensure 
consistency. Additionally, the release behavior of 
Amphotericin B from both the Amphotericin B 
aqueous dispersion and Amphotericin B-NLC was 
evaluated. The release data were analyzed by fitting 
them to various kinetic models to understand the 
drug release mechanism.
Ex-vivo permeation
	 Ex-vivo permeation studies are crucial 
for evaluating the skin penetration and release 
profiles of topical formulations, providing valuable 
insights into their interaction with and diffusion 
through skin tissue outside of a living organism.28 
In this research work, the transdermal permeation 
of Amphotericin B from aqueous dispersion 
of Amphotericin B, Amphotericin B-NLC and 
Amphotericin B-NLC gel was assessed using a 
Franz diffusion cell, with a receptor volume of 15 
mL and an effective diffusion area of 3.14 cm². 
Goat skin was chosen for this study due to its 
permeability and structural characteristics, which 
have been shown to be similar to those of human 
skin, making it a suitable model for evaluating 
skin permeation.29,30 Additionally, goat skin is 
often sourced as a byproduct from slaughterhouses, 
making it an accessible and ethical alternative to 
human skin for ex-vivo research.31 Briefly, fresh 
goat ear skin, sourced from a slaughterhouse, was 
meticulously prepared by cleaning, depilating, and 
trimming it to fit the Franz diffusion cell. The goat 
ear skin was placed between the donor & receptor 
compartments. The receptor chamber was filled 
with 15 ml of phosphate-buffered saline (pH 6.8).4 
A precise amount of Amphotericin B-NLC gel was 
added to the donor compartment, and the system 
was stirred at 100 rpm for 8 hours while maintaining 
a constant temperature of 37 ± 0.5°C throughout 
the experiment. At specific intervals, 1 ml aliquots 
were taken from the receptor compartment and 
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replenished with an equal volume of fresh buffer 
to maintain consistent volume. The aliquots were 
analyzed by UV-visible spectrophotometer at 
wavelength of 407 nm to quantify the amount 
of Amphotericin B that permeated the skin. The 
experiment was repeated three times to ensure 
statistical reliability and reproducibility. A similar 
procedure was followed for the Amphotericin B 
aqueous dispersion and Amphotericin B NLC to 
enable direct comparison of the permeation profiles 
between the formulations.
Histopathology 
	 A histochemical analysis was performed 
to examine the impact of the formulation on tissue 
structure and integrity. The freshly excised goat ear 
skin was thoroughly washed with normal saline 
to remove any contaminants. A measured amount 
of Amphotericin B-NLC gel was applied, and the 
skin was immediately preserved in a 10% (w/w) 
formalin solution for tissue fixation. Following 
fixation, the samples were dehydrated through an 
alcohol gradient and embedded in paraffin wax. 
The paraffin-embedded blocks were sectioned 
into 5 µm thick slices. The tissue sections were 
subsequently stained with hematoxylin & eosin and 

examined under a light microscope for structural 
evaluation.32

Results

	 Amphotericin B brimmed NLCs were 
successfully prepared using a microwave-assisted 
method and characterized for critical parameters, 
including PS, zeta potential, and entrapment 
efficiency. Following this, gel formulation 
was developed by incorporating the NLC 
dispersion into Carbopol 934 (0.5%). Detailed 
physicochemical characterization and evaluation of 
these formulations are presented in the following 
sections.
Dynamic Light Scattering (DLS), HRTEM and 
Entrapment efficiency of Amphotericin B NLC
	 Dynamic Light Scattering analysis of 
the Amphotericin B-loaded NLCs showed a PS 
of 180 nm, polydispersity index (PdI) of 0.32 & 
a zeta potential of – 28.8 mV (Fig. 1). The small 
particle size, and polydispersity index indicates a 
narrow size distribution, which is ideal for ensuring 
a uniform and consistent application in topical 
formulations.33-35 

Fig. 1. Zeta potential graph of Amphotericin B NLC
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Fig. 2. HRTEM of Amphotericin B NLC

Fig. 3. FTIR spectra of (a) Amphotericin B and (b) Amphotericin B NLC

Fig. 4. (a) In vitro drug release profile (b) ex vivo drug permeation

	 The negative zeta potential, resulting from 
the anionic nature of the lipid components, suggests 
strong electrostatic repulsion between the particles. 
This repulsion prevents particle aggregation, 
ensuring that the NLCs remain stable and well-
dispersed, which is crucial for the effective and 
even application of the formulation.36 HRTEM 

analysis of the Amphotericin B-NLC formulation 
(Fig. 2) revealed spherical-shaped particles, with 
200 nm size. The entrapment efficiency of the 
formulation was found to be 93.4%.
Fourier Transform Infrared Spectroscopy
	 The FT-IR spectrum of pure Amphotericin 
B (Fig. 3 a) revealed several distinct absorption 
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Fig. 5. Photomicrograph showing histopathological sections of goat ear skin treated with Amphotericin B-NLC 
gel

peaks that correspond to specific molecular 
vibrations. A strong and broad peak at 3415 cm”1 
was observed, corresponding to the O-H stretching 
vibration, indicative of a hydroxyl group involved 
in strong hydrogen bonding. This is further 
supported by the presence of a peak at 2923 cm”1, 
which is attributed to the C-H stretching vibration 
of aliphatic chains. Additionally, the band at 
1686 cm”1 is consistent with the C=O stretching 
vibration, characteristic of the amide functional 
group. A sharp band at 1067 cm”1 was also noted, 
corresponding to the asymmetric stretching of the 
C=O bond, typical of ester or amide linkages. Upon 
analyzing the FTIR spectrum of the Amphotericin 
B-NLC formulation (Fig. 3 b), no significant 
shifts or new peaks were observed compared 
to the spectra of pure Amphotericin B and the 
excipients used in the formulation. This suggests 
the absence of significant chemical interactions 
or incompatibilities between the drug and the 
excipients, implying that the molecular integrity of 
Amphotericin B remains largely unaltered during 
the preparation of the NLC formulation.37

Physical appearance, pH and uniformity of 
Amphotericin B NLC gel 
	 The Amphotericin B-NLCs gel displayed 
a yellowish color and was characterized by its 
odorless, smooth, stable, homogeneous, and 
translucent properties. With a pH of 6.3 ± 0.2, the 

gel is well-suited for skin application, aligning with 
the natural pH of skin.
Extrudability
	 Extrudability is an important property of 
gels, as it affects how easily they can be pushed out 
of a tube or container. Gels that are too thick can 
be hard to squeeze, leading to uneven application, 
while gels that are too thin may flow too quickly, 
causing waste.38 The Amphotericin B-NLC gel had 
an extrudability of 9.5 ± 0.12 gm/cm², indicating 
it has good consistency for smooth and controlled 
dispensing.
Spreadability
	 The Amphotericin B-NLC gel showed a 
spreadability diameter of 6.4 cm, indicating it can 
cover a larger area with minimal effort. 
The in-vitro release profile
	 The in-vitro release profile of Amphotericin 
B from the Amphotericin B-NLC, Amphotericin B 
NLC gel and Amphotericin B aqueous dispersion 
showed a release of 54.18 ± 0.02%, 48.05± 0.03% 
and 16.12 %± 0.02% respectively, after 8 hours 
(Fig.4 a).The release kinetics of both Amphotericin 
B-NLC and Amphotericin B NLC gel were best 
described by the Higuchi model, exhibiting R² 
values of 0.997 and 0.994, respectively, with 
an n value of less than 0.5, indicating a release 
mechanism dominated by Fickian diffusion (n < 
0.5).
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Ex-vivo skin permeation study
	 Ex-vivo  skin permeation studies 
were conducted to assess the permeability of 
Amphotericin B from an Amphotericin B-NLC 
formulation, aqueous dispersion of Amphotericin 
B, and Amphotericin B-NLC gel (Fig.4 b). The 
results showed significantly higher skin penetration 
of Amphotericin B from the Amphotericin B-NLC 
formulation compared to the aqueous dispersion.
Histopathology
	 A histological evaluation was performed 
on goat ear skin to evaluate the potential 
toxicological effects of the Amphotericin B-NLC 
gel. As demonstrated in the image (Fig. 5), 
treatment with the Amphotericin B-NLC gel did 
not induce any noticeable alterations in the skin 
histological structure. The integrity of both the 
epidermal and dermal layers was preserved, with 
no evidence of inflammation, cellular degeneration, 
or structural damage. These results indicate that 
the Amphotericin B-NLC gel does not adversely 
affect the normal histological features of goat ear 
skin, supporting its biocompatibility and safety for 
topical application.

Discussion

	 Amphotericin B-NLCs were developed 
using a binary mixture of solid and liquid lipids, 
exploiting the unique properties of this composition 
to enhance drug entrapment and facilitate controlled 
release profiles. The presence of the liquid lipid 
within the solid lipid matrix induces structural 
imperfections, which improve the encapsulation 
efficiency of Amphotericin B and contribute to 
the stability and sustained release characteristics 
of the NLCs, thereby optimizing their therapeutic 
performance.39 The results of the DLS analysis 
indicate that the Amphotericin B-loaded NLCs 
have a PS of 180 nm, which is ideal for topical 
formulations. The relatively low polydispersity 
index (0.32) suggests that the NLCs have a narrow 
size distribution, contributing to the consistency 
of the formulation. A narrow size distribution 
is crucial for achieving uniform application and 
optimal drug delivery.40,41 Additionally, the zeta 
potential of “28.8 mV indicates good stability of 
the NLCs. The negative zeta potential, due to the 
anionic characteristics of the lipid components, 
indicates significant electrostatic repulsion 

between the particles. This repulsion helps prevent 
aggregation, ensuring the stability and uniform 
dispersion of the NLCs, which is essential for 
the consistent and effective application of the 
formulation.42 The absence of significant shifts or 
new peaks in the FT-IR spectra of the Amphotericin 
B-NLC formulation suggests that there are no 
major chemical interactions or incompatibilities 
between the drug and the excipients. This indicates 
that the molecular integrity of Amphotericin B is 
largely preserved during the preparation of the NLC 
formulation, ensuring the stability of drug within 
the system. The yellowish color, smooth texture, 
and homogeneous, translucent appearance of the 
Amphotericin B-NLC gel indicate its aesthetic 
suitability for topical use. Additionally, with a pH 
of 6.3 ± 0.2, which closely matches the natural 
pH of the skin, the gel is well-suited for safe and 
effective use on the skin.43 The extrudability of 
the Amphotericin B-NLC gel indicates that the 
formulation has an ideal consistency, allowing 
for smooth and controlled dispensing. This is 
important for ensuring both effective application 
and minimizing waste during use. Spreadability 
is a crucial property for topical formulations as it 
influences the ease of application. A formulation 
with good spreadability ensures smooth and 
even coverage, enhancing both convenience 
and effectiveness.44 The spreadability of the 
Amphotericin B-NLC gel suggests it can cover 
a larger area with minimal effort, making it 
particularly beneficial for skin application. This 
attribute is especially important when applying gels 
to ulcerated skin, where efficient and even coverage 
is essential for optimal treatment. In vitro release 
data demonstrate that both the Amphotericin 
B-NLC formulation and NLC gel exhibited 
significantly higher drug release compared to 
the Amphotericin B aqueous dispersion after 8 
hours, indicating a more controlled and sustained 
release profile. The enhanced skin permeation of 
Amphotericin B from the Amphotericin B-NLC 
formulation can be attributed to several factors, 
including the reduced PS of the NLC, which 
facilitates deeper skin penetration, and the use 
of Tween 80 as a surfactant to improve drug 
solubilization and dermal delivery, and the lipid 
matrix encapsulating Amphotericin B, which 
protects the drug and enables sustained release. The 
Amphotericin B-NLC gel exhibited comparable 
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permeability to the Amphotericin B-NLC 
formulation but with a slower release profile, likely 
due to the increased viscosity of the gel, which 
reduces drug diffusion. This gel structure prolongs 
formulation retention on the skin, providing 
controlled release and extending drug contact 
time. The combination of smaller PS and Tween 
80 in the NLC and gel formulations enhances 
dermal delivery and solubilization, offering a 
more sustained and controlled release compared to 
conventional formulations. This controlled release 
is advantageous for local treatment, maintaining 
therapeutic drug concentrations at the application 
site over time.45,46,47 The absence of any histological 
changes in goat ear skin following treatment 
with the Amphotericin B-NLC gel suggests that 
the formulation does not cause adverse effects 
on the skin. The integrity of the epidermal and 
dermal layers was preserved, indicating good 
biocompatibility and supporting the safety of the 
gel for topical application.
Future Prospects
	 Future work should focus on optimizing 
the Amphotericin B-NLC gel for enhanced 
stability, release control, and skin penetration. 
Clinical trials will be essential to validate its 
effectiveness in treating dermatological infections. 
Additionally, exploring combination therapies, 
scalable production, and long-term safety will be 
key for broader clinical application.

Conclusion

	 This study successfully developed 
an Amphotericin B-loaded Nanostructured 
Lipid Carrier gel with enhanced topical drug 
delivery properties. The Amphotericin B NLC 
gel demonstrated optimal stability, favorable 
physicochemical characteristics, good entrapment 
efficiency (93.4%) and a sustained release profile, 
with 48.05 % of Amphotericin B released over 
8 hours. Ex-vivo permeation studies confirmed 
improved skin penetration. FT-IR analysis 
demonstrated that Amphotericin B retains its 
structural integrity during the NLC formulation 
process, with no significant shifts in peaks 
observed. This indicates the absence of undesirable 
interactions between the drug and excipients, 
confirming the stability of the formulation. Building 
on previous findings where AmpB-NLCs showed 

superior efficacy against Leishmania donovani 
compared to free Amphotericin B,4 the current 
gel formulation supports enhanced therapeutic 
potential for skin infections. Histopathological 
analysis confirmed its safety, suggesting the 
Amphotericin B-NLC gel as a promising candidate 
for effective and safe topical treatments.
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