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ABSTRACT

Alpha tocopherol (Vitamin E) is practically insoluble in water. It is important for skin health due to its many therapeutic
actions, such as antioxidant, anti-inflammatory, and photoprotection. Therefore, the purpose of this study is to develop,
prepare, and evaluate nanostructured lipid carriers (NLCs)-based hydrogels as a topical dosage form to improve
stability and therapeutic activity of vitamin E. The microwave-based method prepared five lavender oil-based NLCs
(LN1-LN5) formulations that were assessed thermodynamically and entered into characterization processes. Hydrogels
formulations based on NLCs (LNG1-LNG5) were prepared and evaluated. All of the lavender oil-based NLC formulations
(LN1-LN5) had suitable surface charge, a low polydispersity index, robust thermodynamic stability, and nanosized
particles. Stable organoleptic qualities, reasonable pH and spreadability coefficient values, acceptable viscosity, and no
erythemic reaction are all reflected in the evaluation procedures for NLCs- based hydrogels (LNG1-LNG5) formulations.
According to the thermodynamic stability study and characterization processes, the lavender oil-based NLCs (LN1-LN5)
formulations can be considered suitable nanocarriers for the delivery of various therapeutic agents. The vitamin E loaded
in NLC-based hydrogels (LNG1-LNG5) formulations is a promising cosmetic product for protection against photoaging
and chronological aging.

Keywords: Alpha tocopherol, Lavender oil, NLCs, Microwave-based method, Aging

1. Introduction

Multiple changes in cellular functions in the human
body continue with age. These changes may lead
to a reduction in the functioning of organic func-
tions, and they appear clearly in the skin with the
appearance of cracks and wrinkles, especially in the
presence of factors that accelerate them. The skin is
the external covering of the body. The skin primarily
expects to safeguard individuals against ecological

hostilities. Since it communicates with the climate,
the skin assumes a critical part in securing the human
body against microorganisms and unnecessary water
misfortune [1, 2]. Beauty care product or cosmetics
is substance or formulations planned to be put in
touch with the different pieces of the human body
epidermis, nails, lips, hair framework, and outside
genital organs or with the teeth and the mucous layers
of the oral hole with a view only or fundamentally
to perfuming them, cleaning them, changing their
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appearance or potentially amending stenches and ad-
ditionally safeguarding them or keeping them looking
great [3-5]. Antiaging beauty care products are a part
of beauty care products that bargain with the elimi-
nation of maturing and wrinkle impact on skin. Aging
is a collection of harm to macromolecules, cells, tis-
sues, and organs. Two particular kinds of maturing:
1. Internal aging maturing caused mainly by heredi-
tary qualities, breakdown of cell designs and cycles,
diminished bone thickness, and hormonal changes. 2.
External aging maturing is caused mainly by photoag-
ing, smoking, facial expression, sleep position, and
gravity. Antiaging agents such as antioxidant agents
reduce the effects of aging on the skin, which helps
maintain its freshness and vitality. Antioxidant agents
decrease damage caused by free radicals, in this way
forestalling weakness at the cell level. They repress
inflammation, which prompts collagen consumption,
and they offer insurance against photo harm and skin
disease [5-7]. Vitamin E is a lipid-soluble antioxidant
that is fundamental for the support of normal skin.
Vitamin E is ordinarily given to the skin through
the sebum. The effective application can likewise
supply the skin with vitamin E and may give ex-
plicit vitamin E frames that are not accessible from
the eating regimen. Vitamin E mostly reacts with
reactive oxygen species as an antioxidant. Vitamin
E is also capable of absorbing the energy produced
by ultraviolet (UV) light. Consequently, it assumes
significant parts in photoprotection, inhibiting UV-
actuated free extreme harm to the skin. In the skin,
vitamin E may also play related anti-inflammatory
roles. Vitamin E suffers from degradation by photoly-
sis and photooxidation after exposure to light [8-10].
Nano-structured lipid carriers (NLCs) are lipid-based
nanocarriers that have emerged as drug delivery sys-
tems composed of liquid lipids and solid lipids for
the delivery of different therapeutic agents. Numer-
ous highlights, which these transporter frameworks
show for dermal utilization of beauty care products
and pharmaceutics, have been called attention. NLCs
are made out of biodegradable lipids that show low
poisonousness. The small size guarantees a nearby
contact with the layer of stratum corneum and can ex-
pand much of the medication infiltrated into the skin.
NLCs can improve the vitamin E stability against light
sensitivity, oxidation, and hydrolysis [11-13]. Laven-
der oil, or Lavender Angustifolia, is a commonly used
aromatic plant throughout the world that is a member
of the Labiatae (Lamiaceae) family [15]. For millen-
nia, lavender has been regularly employed as a herbal
cure in traditional medicine. Many chemical compo-
nents were found in the lavender oil, with linalool,
linalyl acetate, «-pinene, limonene, 1,8-cineole, cis-
and trans-ocimene, 3-octanone, caryophyllene, cam-

phor, terpinene-4-ol, and linalyl acetate being the
primary elements. It has been demonstrated that the
anti-inflammatory properties of lavender essential oil
are associated with its main constituents, linalool
and linalyl acetate [16]. Additionally, several inves-
tigations have demonstrated the strong antioxidant,
antimicrobial, and anxiolytic qualities of linalool and
linalyl acetate. Linalool has been shown to enhance
immune system performance, minimize inflamma-
tion, and fight against oxidative stress [17, 18]. When
lavender oil-based NLCs combine with gelling agents
results in a more attractive delivery system to de-
liver vitamin E safely across human skin [19, 20].
Therefore, the objective of this research was to de-
velop, prepare, and evaluate NLCs-based hydrogel as
a beauty care product for alpha tocopherol delivery.

2. Materials and methods
2.1 Materials

Alpha-Tocopherol, lavender oil and lauric acid,
were purchased from Nanjing Duly Biotech Co., Ltd
China. Triethanolamine, pH adjuster/neutralizer, en-
sures gel consistency and maintains skin-compatible
pH, was purchased from Avon Chem, United King-
dom. Propylene glycol, tween 80 (nonionic surfac-
tant/emulsifier), and carbopol 940 were purchased
from Beijing Yibai Biotechnology Co., Ltd. China. All
solvents and reagents that had been in the experiment
were of analytical grade.

2.2. Methods

2.2.1. Preparation of lavender oil-based NLCs using
microwaves-based technique

Vitamin E acts as a skin antioxidant — neutral-
izes free radicals, helping reduce premature aging,
provides moisturizing and emollient properties, im-
proving skin softness and supports skin barrier repair
and healing.

Lauric acid is fatty acid with strong antimicrobial
and surfactant properties (commonly found in co-
conut oil) helps improve skin penetration of active
ingredients, contributes to emollient effect (soften-
ing skin). Lavender oil, act as natural essential oil
with antimicrobial, anti-inflammatory, and soothing
properties. Provides a pleasant fragrance (aromatic
acceptability). Propylene glycol as humectant and
enhances penetration of active compounds into the
skin, tween 80 (nonionic surfactant / emulsifier), and
Carbopol 940 as gelling agent Vitamin E, lauric acid
and lavender oil were mixed using a magnetic stirrer
for 5 minutes. The hydrophilic components which are
distilled water tween 80 and propylene glycol were
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Table 1. Concentrations of lavender oil-based NLCs (LN1-LN5) formulations and NLCs-based gel (LNG1- LNGS5) formulations.

Vitamin E Lavender oil L auric acid Tween 80 and propylene Carbopol Distilled water
Code (% w/w) (% w/w) (% w/w) glycol mixture 1:1 (% w/w) 940 (% w/w) up to (%w/w)
LNG1 1.8 3 1 30 0.5 100
LNG2 1.8 5 1 30 0.5 100
LNG3 1.8 7 1 30 0.5 100
LNG4 1.8 9 1 30 0.5 100
LNG 5 1.8 12 1 30 0.5 100

mixed using a magnetic stirrer for 5 minutes. The
hydrophobic phase was mixed with the hydrophilic
phase. The blend that prepared under 1000 rpm for 5
minutes of magnetic stirrer according to the amounts
described in (Table 1). The mixture was inserted in
a microwave device where rated microwave-power is
1050 W for 10-15 seconds, then a magnetic stirrer
device at 1000 rpm for adequate time (seconds to
minutes) until the feature of NLCs (LN1-LN5) was
observed [20-23].

2.2.2. The preparation of NLCs-based gel

The hydrogel of carbomer 940 was prepared by
adding 0.5% of the gelling agent in distilled water
with stirring using an electric homogenizer add a
few drops of triethanolamine to obtain a gel of pH
around (4.7). The previously prepared NLCs (LN1-
LN5) formulations were mixed with hydrogel and
continuously slow stirred until clear NLCs-based gel
(LNG1-LNG5) formulations were formed. The NLCs-
based gel (LNG1-LNG5) formulations were stored in
a tightly closed container at 25 °C temperatures for
experimental processes [24-28].

2.3. Application of thermodynamic stability studies
to the screening of lavender oil NLCs (LN1-LN5)
formulations

The outcomes of the following experiments estab-
lished the thermodynamic stability evaluation.

2.3.1. Centrifugation testing

Phase separation, creaming, and cracking were
seen in the selected preparations after they were
centrifuged for 30 minutes at 5000 rpm. The formula-
tions chosen must show optimum stability, indicating
that there shouldn’t be any signs of phase separation,
creaming, or cracking. The approved formulations
were put through additional tests of thermodynamic
stability. Three replicates of each measurement were
generated [29].

2.3.2. Test of heating and cooling

It is used to demonstrate how heating and cooling
affect the stability of lavender oil-based NLCs, with
preparations needed to be held at 45 C and 0 C for

a minimum of 48 hours for each temperature test.
Three duplicates of each measurement were made
[29].

2.3.3. Freeze-thaw experiment

This test was completed to expedite the assaying of
lavender oil-based NLC formulations for stability. The
formulations were exposed to two distinct tempera-
tures (-210C and 210C) for a minimum of 24 hours.
Three replicas of the metrics were done [29].

2.4. Characterization of lavender oil-based NLCs
(LN1- LN5) formulations through determination of
particle size, index of polydispersity (PDI), and zeta
potential (ZP)

Particulate size, charge on the surface, and index of
polydispersity (PDI) of globules of lavender oil-based
NLCs (LN1- LN5) formulations have been determined
by dynamic light scattering (DLS), a method that
was made possible by Horiba Instrument, Ltd., Ky-
oto, Japan. When a beam of laser energy traverses a
sample, the intensity of the scattered light varies over
time due to the dispersed lipid-based nanocarriers
traveling in a Brownian fashion. The readings ob-
tained in three trials prove the astonishing accuracy
of the method used [19, 29].

2.5. Atomic force microscopy (AFM)

For the most optimum formulation, AFM Angstrom
Advanced Inc. AA3000 USA determined the nanocar-
rier morphology. A 100 MV/s scanning range was
implemented. On an experimental glass slide, be-
tween two and three drops of nanostructured lipid
carriers were applied, and outcomes were recorded
after three hours [29].

2.6. Evaluation of hydrogel (LNG1-LNG5)
formulations based on NLCs

2.6.1. Assessment of organoleptic

To ascertain the physical stability of medicinal
preparations, organoleptic testing is crucial. For
NLCs-based hydrogel (LNG1-LNG5) formulations, the
appearance of colour, sense of smell, uniformity, and
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syneresis can be examined at 0, 7, 14, 21, and 28 days.
The information was acquired three times [19, 27].

2.6.2. Determination of pH

The stability of the formulation and skin compati-
bility can be predicted by this crucial characteristic. A
ten-gram sample of the NLCs-based hydrogel (LNG1-
LNG5) formulations, the digital pH meter was used to
measure the pH. The ideal pH range for human skin
is between 4.5 and 6.5. Three trials were carried out
for the experiment [24, 27].

2.6.3. Measurement of spreadability

It was accomplished using two distinct glass slide
pieces, each measuring 10 x 2.5 cm. A wooden
foundation containing 0.5 g of NLCs-based hydrogel
(LNG1-LNG5) formulations was fastened to the lower
slide. When applied to the first glass slide, the second
piece of glass was knotted to weigh 25 g, and it took
7.0 cm for the first glass slide to come free. The
weight in grams and the length of time in seconds
required to move a second glass slide were recorded,
and Eq. (1) underneath can be employed to compute
the propagation parameter:

S=MxL/T (D

S, stands for spreadability, M, for weight which
triggers the first slide, and L, for slide length.

T is the time it takes to fully separate two sides.
Three trials were used for the study [19, 24].

2.6.4. Viscosity measurement

It is an essential criterion for analysis and novel
formulation creation, as well as for evaluating phar-
maceutical formulations. The viscosity of NLCs-based
hydrogel (LNG1-LNG5) formulations was determined
at 25 °C using a rotational digital viscometer from
Biobase Meihua Trading Co., Ltd. with a spindle num-
ber (2). The rotational speeds that the samples were
subjected to were 0.1, 0.3, 0.6, 1.5, 3, 6, 12, 30
and 60 rpm. Three trials were used to experiment
[19, 24, 27].

2.6.5. Skin irritation study

The Al-Mustagbal University ethics committee ac-
corded the study ethical approval; the approval code
used for the study was pha 3/2024 on 5.2.2024. For
the skin fumbling test, a male rabbit weighing around
2.1 kg was utilized that had fasted. The experimental
animals were allowed free access to water and were
fed an appropriate diet. The hair has been removed
from its skin and separated into five pieces, with
each piece measuring about 4 cm x 2 cm. Every spot
was then treated with 0.5 g of NLCs-based hydrogel

(LNG1-LNG5) formulations, given twice a day. After
conducting the test for 1, 24, 48, and 72 hours, the
testing site was checked for any erythemic or swelling
response. Based on edema, the response was assessed
as 0, 1, 2, and 3 for no response, little irregular inflam-
mation, hazy erythema, and substantial erythema,
correspondingly [19].

2.6.6. Ex-vivo skin permeation study

Ex vivo study was achieved on male rabbit weigh-
ing around 2.1 kg. The study approval was taken
from the institutional animal ethics committee in
Al-Mustaqgbal University College of Pharmacy where
approval code was pha 3/2024 on 5.2.2024. The
animal slayed and anatomize and hairless skin of ab-
dominal region was surgically isolated and removed
subcutaneous lipid carefully. The experimental skin
was cut into pieces of 4 cm? (2 cm x 2 cm) to be bi-
ological barrier that was inserted between donor and
receptor parts of Franz- diffusion cell. The volume of
diffusion was 200 mL of phosphate buffered saline pH
7.4. Samples of NLCs-based hydrogel (LNG1-LNG5)
formulations where 0.148 gram had been applied
in the donor chamber. Samples were withdrawn
from the receptor chamber at periodic time intervals
and then analyzed for alpha-tocopherol amount that
permeated across biological membrane. After each
sample withdrawing, replenished with an equal taken
volume of by fresh diffusion liquid immediately. The
ultraviolet-visible spectrophotometer (Biobase Mei-
hua Trading Co., Ltd) at 295 nm was used to achieve
study [27, 29]. The test was performed in triplicate.
The permeability coefficients were determined by the
following Eq. (1).

M = Peff S Cd tres (2)

Where:

M = is the amount of alpha-tocopherol absorbed.

Peff = is the effective permeability of alpha-
tocopherol through the membrane.

Cd = is the initial concentration of alpha-
tocopherol in the donor chamber.

tres = is the residence time of alpha-tocopherol in
the biological membrane.

S = is the surface area of absorption.

2.7 Analytical statistics

The study’s observations were the three experimen-
tal trials’ mean and standard deviation (SD). With
excel, the statistical assessment concluded. A sta-
tistical test known as one-way analysis of variance
(ANOVA) was utilized and the significance threshold
was kept at (P < 0.05) [19, 20].
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3. Results

3.1. Characterization of lavender oil-based NLCs
(LN1- LN5) formulations through determination of
particle size, index of polydispersity (PDI), and zeta
potential (ZP)

Nanoparticles which are nanostructured lipid car-
riers were prepared using a new method based on
microwaves. Thus, the work was accomplished with
high speed and great accuracy, and samples free of
impurities were prepared. Lavender oil was volatile
oil and had a high flow rate in preparation and
was a good solvent for the lauric acid used in the
experiment, to create acceptable nanocarriers for
the vitamin E. The results of the thermodynamic
analysis include cycles of freezing and thawing, as
well as centrifugation showing that every prepara-
tion had outstanding physical stability. Five formulas,
namely LN1, LN2, LN3, LN4, and LN5, were chosen
to characterize globule size, PDI, and zeta potential.
As indicated in (Table 2), the particle size results
were LN1 = 82.463 nm, LN2 = 111.8 nm, LN3 =

Table 2. Characterization results of lavender oil-based NLCs (LN1-
LN5) formulations.

Formulation

Code Globule size (nm)* PDI* Zeta potential®
LN1 82.463 + 2.081 0.105 + 0.004 11.65+1
LN2 111.8 £+ 1.442 0.135 £ 0.004 14.81 + 1.536
LN3 124.33 £ 2 0.152 + 0.003 18.36 + 1.501
LN4 137.77 £ 1.527 0.16 +£ 0.002 23.81 + 1.558
LN5 167.78 + 1.834 0.173 &+ 0.004 27.93 + 1.652

*Values are expressed as mean + SD (n = 3).

X: 78 nm

124.33 nm, LN4 = 137.77 nm and LN5=167.78 nm.
(Table 2) displays the results of the polydispersity
index (PDI) experiment for the lavender oil-based
NLCs (LN1-LN5) formulations, which ranged from
0.105 to 0.173. As indicated in (Table 2), the mean
zeta potential as absolute value for the formulations
of lavender oil-based NLCs (LN1-LN5) ranged from
11.65 to 27.93 mV, confirming the stability of the
nanosystem.

3.2. Atomic force microscopy

The findings demonstrate that the LN5 formula
contains nanometer-sized particles with a nearly
spherical form and a regular smooth surface as shown
in (Fig. 1). Particle aggregation was absent, indicat-
ing the preparation’s physical stability. The atomic
force microscopy (AFM) analysis confirmed that the
LN5 formulation exhibited nanosized particles with
uniform spherical morphology and smooth surface
characteristics, consistent with optimal nanocarrier
design.

3.3. Evaluation of hydrogel (LNG1-LNG5)
formulations based on NLCs

3.3.1. Assessment of organoleptic

Using only visual observation, the organoleptic
test was carried out. Every LNG1-LNG5 formulation
exhibits a distinct, uniform aroma of essential oil,
which is embodied by lavender oil. High physical
stability is shown by the absence of syneresis as
shown in (Table 3).

4.1 nm

4.1 nm

0.0 nm

0.0

Fig. 1. AFM 3D image of lavender oil-based NLCs (LN5) formulation where scanning area is 78 nm * 78 nm.
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Table 3. Test findings for gel (LNG1-LNG5) formulations based on NLCs.

Mean spreadability ~ Viscosity at
Code  Color Odor Syneresis Homogeneity = pH* (g*cm/sec) 30 pm (mP.s)
LNG1 Colorless Aromatic smell No Homogeneous 4.76 + 0.152 126.03 + 0.602 1112.06 + 1.803
LNG2 Colorless Aromatic smell No Homogeneous 5.2 + 0.081 123.986 + 0.571 1131.7 + 1.473
LNG3 Colorless Aromatic smell No Homogeneous 5.156 + 0.051 114.496 + 0.606 1157.1 + 1.852
LNG4 Colorless Aromatic smell No Homogeneous 5.363 + 0.055 99.673 + 1.225 1174.3 + 1.527
LNG5 Colorless Aromatic smell No Homogeneous 5.86 + 0.049 92.089 + 0.995 1187.5 + 1.501

*Values are expressed as mean + SD (n = 3).

3.3.2. Determination of pH

An important metric that can be used to prevent
improper qualities in gels related to patient satisfac-
tion is the pH evaluation. Table 3 indicates that the
gel formulations based on NLCs (LNG1-LNG5) had
somewhat acidic pH values ranging from 4.76 to 5.86
as shown in (Table 3).

3.3.3. Measurement of spreadability

The spreadability study was achieved for gel
formulations based on NLCs (LNG1-LNG5). The
results were (126.03 to 92.089 g*cm/sec) as shown
in (Table 3).

3.3.4. Viscosity measurement

To assess the viscosity behavior of gel formula-
tions based on NLCs (LNG1-LNG5), Biobase Meihua
Trading Co., Ltd. utilized a viscometer with a spin-
dle number (2) of rotating digital type. The results
for viscosity (Table 3) show that an increase in the
amount of aromatic oil used will culminate in a vis-
cosity increase at a constant concentration of a 1:1
(% w/w) mixture of tween 80 and propylene glycol.
As an outcome, it was found that the viscosity val-
ues at 30 rpm in (mP.s) units are LNG1 = 1112.06,
LNG2=1131.7,LNG3=1157.1,LNG4=1174.3, and
LNG5 = 1187.5 as shown in (Table 3). The viscosity
assessment of the NLC-based gel formulations (LNG1-
LNG5) demonstrated a direct correlation between
aromatic oil concentration and viscosity, confirming
the influence of oil content on rheological behavior.

3.3.5. Skin irritation study

A male rabbit was utilized in a study on skin ir-
ritation employing gel formulations based on NLCs
(LNG1-LNGS5). It was found that once the gel was ap-
plied, none of the formulations caused any discomfort
or signs of allergic reactions or itching as shown in
(Fig. 2).

3.3.6. Ex-vivo biological membrane permeation study
The permeability coefficient (cm/min) was deter-
mined by measuring the flux of alpha-tocopherol
(ug/mL) across a 4 cm? area using a Franz diffu-
sion cell. The findings from the ex-vivo biological
membrane permeation study showed that the per-

meability coefficient (cm/min) of alpha-tocopherol
was significantly greater (p-value <0.05) for LNG1
and significantly lower (p-value <0.05) for LNG5, as
illustrated in (Fig. 3). The release profile comparison
of alpha-tocopherol from the NLCs-based gel formu-
lations (LNG1-LNG5) was ranked in the descending
order: LNG1 > LNG2 > LNG3 > LNG4 > LNGS5,
as displayed in (Fig. 3). The LNG1 formulation ex-
hibited a higher permeation coefficient compared to
the other formulations due to the smaller size of the
nanoglobules. As the particle size decreases, the rate
of nanoglobule penetration through the biological
skin membrane increases, and the smaller globule size
provides a larger surface area for alpha-tocopherol
diffusion.

4. Discussion

The characterization of lavender oil-based NLCs
(LN1-LN5) provided important insights into the in-
fluence of formulation parameters on particle size,
homogeneity, and stability. The microwave-assisted
preparation method proved efficient in producing
nanoparticles rapidly, with minimal impurities, and
ensured reproducibility. Particle size analysis re-
vealed that LN1 had the smallest average size (82.46
nm), while LN5 exhibited the largest (167.78 nm).
This progressive increase in size could be attributed
to variations in lipid and oil ratios, highlighting
their critical role in nanocarrier design. The poly-
dispersity index (PDI) values across all formulations
ranged between 0.105 and 0.173, which are within
the acceptable limit (< 0.3), confirming a narrow size
distribution and uniformity of nanoglobules. Such
monodispersity is crucial for consistent drug release
and biological performance. Zeta potential values
varied between 11.65 mV and 27.93 mV, indicating
moderate electrostatic repulsion sufficient to pre-
vent aggregation under storage conditions, though
values closer to +30 mV would suggest greater sta-
bility. These findings confirm that lavender oil is a
suitable lipid phase for developing stable NLC sys-
tems and suggest that smaller particle sizes, may
provide superior permeation and drug delivery prop-
erties compared to larger formulations. Overall, the



AL-MUSTAQBAL JOURNAL OF PHARM. & MED. SCIENCES 2025;3:111-120 117

Fig. 2. Skin of experimental rabbit that explain there was not skin irritation after application of of gel (LNG1-LNGS5) formulations based on
NLCs.

—@— LNG1
—@—LNG2
—@—LNG3
—@—LNG4
—@— LNG5

Amount of alpha tocopherol permeated (mg)

0 20 40 60 80 100 120 140 160 180 200

Time (min)

Fig. 3. Amount of alpha tocopherol permeated across skin of experimental rabbit for lavender oil-based NLCs (LNG1-LNGS5) formulations
during ex vivo study.
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Table 4. Slope and permeability coefficient of laven-
der oil-based NLCs (LNG1-LNG5) formulations.

Permeability
Code Slope (mg/mL)  coefficient (cm/min)
LNG1 0.0145 0.001352
LNG2 0.0138 0.001287
LNG3 0.0133 0.001240
LNG4 0.0129 0.001203
LNG5 0.0126 0.001175

*Values are expressed as mean + SD (n = 3).

formulations demonstrated favorable physicochemi-
cal characteristics suitable for topical applications.
Since there was a significant link between the de-
pendent variable (p-value < 0.5) and the oil content,
the analysis of variance supported the alternative
hypothesis and rejected the null hypothesis [20-
24]. Atomic force microscopy (AFM) characterization
of the LN5 formulation provided valuable mor-
phological evidence supporting its suitability as a
nanostructured lipid carrier system. The particles
exhibited a nanoscale size range with spherical geom-
etry and smooth surface features, which are desirable
traits for enhancing stability and functionality of
nanocarriers. The absence of particle aggregation
suggests strong physical stability of the system, mini-
mizing risks of sedimentation or size growth during
storage. Such stability is essential for ensuring re-
producibility of therapeutic performance. Moreover,
the uniform spherical shape and small dimensions
are expected to improve dispersion in biological
environments, facilitate cellular internalization, and
potentially enhance bioavailability of the encapsu-
lated bioactive agent. These morphological traits also
support efficient drug loading and controlled release
properties. Together, these findings demonstrate that
LN5 exhibits the critical physicochemical attributes
of a well-designed nanosystem, reinforcing its poten-
tial as a promising vehicle for pharmaceutical and
biomedical applications where stability and efficacy
are required [29]. Organoleptic evaluation of for-
mulations LNG1-LNGS5 revealed uniform appearance
and a characteristic lavender aroma, attributable to
the incorporated essential oil. The consistency in
aroma across all formulations reflects homogenous
distribution of the oil within the matrix, which is
critical for ensuring product quality and consumer
acceptability. Notably, the absence of syneresis in-
dicates high physical stability, as phase separation
often compromises both functional and sensory at-
tributes of formulations. These findings suggest that
the formulations maintained structural integrity dur-
ing storage, supporting their suitability for further
development. The results are consistent with pre-
vious reports highlighting organoleptic testing as a

reliable preliminary stability assessment [19, 27].
It was found that a small pH increase was caused
by an increase in the concentration of essential oil.
The results offer a pH that is appropriate for the
patient, ensuring their comfort and preventing der-
matitis and skin allergies. According to the analysis of
variance, there is a significant correlation (p < 0.05)
between the quantity of lavender oil at the level and
the pH as a dependent component [24, 27]. It was
found that the quantity of lavender oil increased at
the constant quantity of tween 80, propylene glycol,
and carbomer 940, leading to a decreased spread-
ability parameter due to increased viscosity of gel
formulations based on NLCs (LNG1-LNG5). Gener-
ally, the outcome indicates low spreadability time
for NLCs-based gel (LNG1-LNG5) formulations that
enhance patient compliance upon application on the
skin (12-14). The analysis of variance indicates a
significant relationship between the spreadability fac-
tor and lavender oil as an independent factor at the
level (p < 0.05) [19, 24]. As observed, viscosity
values increased progressively from LNG1 to LNG5,
indicating that higher aromatic oil levels reduce the
proportion of aqueous phase and consequently en-
hance the resistance of the colloidal dispersion system
to flow. This increase in viscosity is favorable for
topical formulations, as it can improve spreadability,
retention time on the application site, and stability
during storage. The statistical analysis (ANOVA, p
< 0.05) further validated the significant impact of
aromatic oil concentration on viscosity, highlighting
the role of formulation composition in determining
physicochemical performance. These findings align
with previous reports suggesting that modulation of
the oil-to-aqueous ratio is an effective approach for
tailoring the mechanical and stability properties of
nanostructured gels. Thus, LNG5 exhibited the high-
est viscosity, suggesting greater structural integrity
[19, 24]. The skin irritation study performed using
a male rabbit model demonstrated that all NLC-based
gel formulations (LNG1-LNG5) were well tolerated,
with no evidence of erythema, edema, itching, or
allergic manifestations following topical application.
The absence of visible irritation or discomfort indi-
cates that the formulations are dermatologically safe
and compatible with skin physiology. This favorable
outcome can be attributed to the biocompatibility of
the excipients employed, including essential oil, sur-
factants, and stabilizers, which are widely reported
for their non-irritant properties at the concentrations
used. The findings support the potential of these
nanosystems for safe long-term application in top-
ical delivery, particularly in formulations intended
for sensitive skin. Furthermore, the absence of irri-
tation enhances user compliance, which is a critical
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factor in product development. These results are con-
sistent with prior studies highlighting the safety of
nanostructured lipid-based systems, thereby reinforc-
ing the suitability of LNG1-LNG5 gels for further
pharmacological and clinical evaluation [19, 20].
The ex-vivo biological membrane permeation study
highlighted significant differences in the permeability
of alpha-tocopherol across NLC-based gel formula-
tions (LNG1-LNG5). Among these, LNG1 exhibited
the highest permeation coefficient, which can be at-
tributed to its smaller nanoglobule size that enhances
diffusion by providing a greater surface area for in-
teraction with the biological membrane. Conversely,
LNGS5 displayed the lowest permeability, likely due to
its larger globule size and higher lipid content, which
reduced drug release and penetration. The observed
trend (LNG1 > LNG2 > LNG3 > LNG4 > LNG5)
demonstrates the critical role of particle size and lipid
concentration in modulating permeation efficiency.
ANOVA analysis further confirmed a statistically sig-
nificant association (p < 0.05) between lipid content
and permeability coefficient, supporting the influence
of formulation composition on transdermal drug de-
livery. These results suggest that optimizing particle
size and lipid proportion is essential for enhancing
the bioavailability of alpha-tocopherol in topical ap-
plications [20, 27, 29].

5. Conclusion

The prepared samples of lavender oil-based NLCs
(LN1-LN5) formulations, which are characterized by
high stability, confirm the great acceptability of the
preparation method based on microwaves. The struc-
ture of the manufactured nanoparticles can load
aqueous and fatty medicinal agents. The alpha to-
copherol loaded in NLCs has many supportive cares
for skin health such as antioxidant anti-inflammatory
and photoprotection in addition lavender oil is
antioxidant, and antimicrobial, enhances immune
system performance, and minimizes inflammation,
this provides a promising skin care product for coun-
teract the photoaging and chronological aging.
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