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ABSTRACT
Objective: This study aimed to enhance the transdermal permeation of ketoprofen (KTP) by formulating a menthosomal gel as a vesicular nanocarrier.

Methods: KTP-loaded menthosomes were produced using the ethanol injection-probe sonication method. A mixed-level factorial design was em-
ployed to statistically investigate the effects of menthol (X1), Span60® (Xz), and soybean lecithin (SL) (X3) as independent variables at different
actual levels on the dependent responses, including particle size (PS), polydispersity index (PDI), and entrapment efficiency (%EE). These inde-
pendent variables generated fifteen experimental runs. Fourier Transform Infrared Spectroscopy (FTIR) analysis confirmed the compatibility be-
tween KTP and the excipients. The surface morphology of the menthosome was examined using Field Emission Scanning Electron Microscopy
(FESEM). The selected formula was incorporated into a Carbopol 934 gel. Viscosity, pH, drug content (DC), and ex vivo permeation were used to
characterize the KTP menthosomal gel.

Results: Among the formulations, K11 showed a PS of 218.4+12 nm, a PDI of 0.14+0.04, a zeta potential (ZP) of -35+2 mV, indicating high stability
of the formulation, an EE% of 89.3+1.3%, and a percentage of release of 95.7+0.9% within 6 h. The FESEM images demonstrated that the KTP-
loaded menthosomes exhibited a spherical morphology with a uniform distribution. KTP-excipient compatibility was confirmed by FTIR analysis.
The best formula was incorporated into a gel based on Carbopol 934, which demonstrated a pH of 6+0.2, meeting the benchmark pH for skin appli-
cation, and a DC of 98.7+0.8%, which is crucial for ensuring therapeutic efficacy, and an ex vivo permeation rate of 81.2+3.1% over 14 h.

Conclusion: The findings suggest that KTP-loaded menthosomes could be a promising carrier for the transdermal delivery of the hydrophobic drug;
by facilitating deeper penetration and sustained delivery, these improvements can be attributed to the synergistic action of menthol with lipid-

based nanocarriers. This lipoidal vesicular system effectively enhances therapeutic performance.
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INTRODUCTION

Transdermal drug delivery offers a noninvasive approach that helps
avoid factors that can affect oral drug absorption, such as stomach
pH, food consumption, and gastrointestinal movement [1]. The skin
has become a well-known place to administer drugs both topically
and systemically in the last few decades. Compared to the oral route,
transdermal delivery has several benefits. Mainly, it's used when the
drug has a significant first-pass effect [2]. Further, it helps overcome
issues related to poor absorption in the digestive system. Therefore,
when a steady therapeutic effect is required, delivering the drug
through the skin proves to be a good option [3]. Ketoprofen (KTP), a
type of propionic acid derivative, is commonly used for its anti-
inflammatory, pain-relieving, and fever-reducing effects. It's often
prescribed to manage mild to moderate pain, including discomfort
associated with menstrual cramps and rheumatoid arthritis [4].
Based on the Biopharmaceutics Classification System (BCS), KTP
falls under Class II, meaning its absorption is limited by its rate of
dissolution. Due to its low solubility in water, KTP is poorly ab-
sorbed in the body, leading to reduced bioavailability [5]. In addition
to absorption challenges, oral forms of KTP can irritate the gastroin-
testinal lining, potentially causing ulcers or bleeding. Applying non-
steroidal anti-inflammatory drugs (NSAIDs) like KTP topically al-
lows the drug to act directly at the site of inflammation, which not
only enhances local therapeutic effects but also minimizes gastroin-
testinal irritation and systemic side effects [6].

While topical delivery systems (TDSs) offer several advantages,
conventional methods often struggle to penetrate the deeper layers
of the skin effectively. To overcome this limitation and enhance
localized drug action, vesicular drug delivery systems (VDDSs) such
as niosomes and liposomes have been explored [7]. However, their
relatively rigid structures limit their ability to reach deeper skin
layers. In response to these challenges, researchers have developed

more flexible vesicles known as elastic vesicles. These include trans-
fersomes, which consist of lipids and edge activators, and
ethosomes, which are composed of lipids combined with ethanol [8].
These systems help minimize drug loss into the bloodstream, a
common issue associated with topical drug delivery methods that
rely on penetration enhancers, iontophoresis, or electrophoresis.
Beyond this advantage, elastic vesicles also offer the potential to
bypass both the stratum corneum and the skin’s capillary network,
allowing the drug to be deposited in the deeper skin layers where it
is most needed [9]. Transfersomes enhance their flexibility by allow-
ing the edge activator and lipid components to reorganize within
their structure, making it easier for them to pass through the skin. In
contrast, ethosomes improve drug penetration by fluidizing the
lipids in both the skin and the vesicles. To combine the advantages
of both systems, transethosomes were developed—these specialized
vesicles contain both lipids and ethanol, offering the combined
properties of transfersomes and ethosomes [10]. As a consequence,
the current study focuses on developing menthosomes, utilizing this
established carrier system to successfully formulate a gel for the
topical delivery of KTP. Menthosomes are an innovative type of
ultra-deformable vesicle composed of menthol, phospholipids, an
edge activator, and cholesterol. This formulation is designed to im-
prove skin permeation and increase bilayer flexibility. The inclusion
of menthol plays a critical role, as it significantly enhances trans-
dermal drug delivery by altering the lipid bilayer structure, which
boosts both drug partitioning and diffusion. When used alongside
surfactants, menthol further increases skin permeability by disrupt-
ing the lipid arrangement in the stratum corneum—specifically by
affecting the typical hexagonal and orthorhombic hydrocarbon chain
packing. Menthol reduces the hexagonal-to-orthorhombic (RH/O)
packing ratio and disturbs the tightly organized lipid matrix, leading
to greater lipid fluidity within the intercellular space of the stratum
corneum and facilitating more efficient drug penetration through the
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skin [11]. Among the commonly used non-ionic surfactants, Span®
compounds are frequently selected. In this study, Span® 60 was
preferred over Span® 20 and Span® 40 due to its lower hydro-
philic-lipophilic balance (HLB = 4.7), which supports the formation
of stable vesicular systems. Its long, saturated alkyl chain and high
phase transition temperature contribute to improved vesicle stabil-
ity and drug entrapment efficiency. These properties indicate that
increasing hydrophobicity helps produce more stable menthosomes
with enhanced entrapment capacity [12].

MATERIALS AND METHODS
Materials

KTP was purchased from Macklin Biochemical Co., Ltd. Soybean
Lecithin (SL) was purchased from Shaanxi Dideu Medichem Co, Ltd.
Span®60 was obtained from Loba Chemie Pvt., India; menthol was
sourced from HiMedia Laboratories Pvt. Ltd.; cholesterol was pur-
chased from Bide Pharmatech Co., China; Carbopol 934 was pro-
cured from Alpha Chemika, India; and propylene glycol was pur-
chased from Thomas Baker, India. A dialysis bag (MWCO 14 kDa)
was purchased from Special Product Laboratory, USA.

Methods
Preparation of KTP-loaded menthosomes

KTP-loaded menthosomes were prepared using the hot method [13].
This method involves two phases: an aqueous phase and an organic
phase. The two phases were prepared separately in two opaque
glass containers. In summary, KTP, Span®60, cholesterol, and men-
thol were weighed and then dissolved in preheated 3 ml ethanol at
40 °C to form the organic phase. This solution was then dripped into
10 ml of deionized water containing SL (aqueous phase), also pre-
heated to 40 °C, at a controlled drip rate of 1 ml/min using a syringe
with a 22G needle, with continuous stirring using a magnetic stir-
rer/hot plate (Witeg Labortechnik GmbH, Seoul, Korea distribution

Int ] App Pharm, Vol 18, Issue 2, 2026, 287-296

partner) at 500 rpm for 1 h to ensure all ethanol molecules evapo-
rated completely and allowed to rest until cooled down to room
temperature before further vesicle size reduction by a probe soni-
cator (500 Watt, 20 kHz, Qsonica, 53 Church Hill Rd, Newtown, CT,
USA). Vesicles formed when SL molecules dispersed in aqueous
solution self-assembled into spherical bilayer shapes [14]. Finally,
the dispersion was exposed to ultrasonic probe sonication for 5 min
(50 seconds on, 10 seconds off with 30% amplitude) to achieve a
fine-tuned dispersion with a smaller particle size [15]. The KTP-
loaded menthosomes were formulated using equal quantities (100
mg) of KTP and cholesterol.

Computer-based experimental design

In this study, a mixed-level factorial design was employed to investi-
gate the effects of menthol (X1), Span60® (Xz), and SL (X3) concen-
trations on the formulation parameters of KTP-loaded men-
thosomes. Each independent variable was investigated at different
actual levels, as shown in table 1A [16]. The corresponding depend-
ent responses were evaluated, including particle size (PS), polydis-
persity index (PDI), and entrapment efficiency (%EE), as shown in
table 1B. These independent variables generated fifteen experi-
mental runs, as shown in table 2.

The relationship between the independent variables and each re-
sponse was modeled using appropriate linear polynomial regression
models, as indicated by the Fit Summary. According to the model
selection results, the linear polynomial model was identified as the
statistically adequate model for the responses and was therefore
used to describe the effect of the factors on PS, PDI, and %EE, which
was expressed by the following equation (1):

Y = bo + biX; + b2X; + b3X3

where Y represents the predicted response (PS, PDI, or %EE); bo is
the intercept; b1, bz, and bs are the linear coefficients.

Table 1A: Independent variables and their corresponding experiment levels

Independent variables Code Number of levels Actual level (mg)
Menthol X1 3 0, 100, 300
Span60® Xz 3 100, 150, 200

SL X3 4 100, 150, 200, 300

Table 1B: Dependent variables and their corresponding experiment levels

Dependent variables Code Their levels
PS (nm) Ri1 Minimum
PDI R2 Minimum
%EE R3 Maximum

Preparation of KTP menthosomal gel

The gelling agent Carbopol 934 (1% w/v) was accurately weighed
and dispersed in deionized water (8 ml) with continuous stirring for
1 h at 800 rpm to remove all air bubbles [17], before adding 2 ml of
propylene glycol (as a preservative) and neutralizing it with trieth-
anolamine [18].

Characterization study of prepared KTP-loaded menthosomes
PS, PDI, and %EE

The average PS and PDI of the prepared menthosomes were meas-
ured by dynamic light scattering (DLS) at 25 °C in a Zeta sizer Ultra-
red label (Malvern Instruments Ltd., Worcestershire, UK) by using a
quartz cuvette [19]. From each menthosome formula (0.5 ml) dilut-
ed up to 10 ml with deionized water to ensure good sample clarity
and reduce multiple scattering impact. Each sample was analyzed in
triplicate [20]. The %EE refers to the proportion of the drug success-
fully encapsulated within the formulation. EE% was evaluated using
an indirect method. To separate the free, unencapsulated KTP from
the menthosomal vesicles, 1 ml of each menthosome formula was
put in an Eppendorf tube and centrifuged at 14,000 rpm for 30 min

at 4 °C using a cooling centrifuge (HERMLE Benchmark refrigerated
microcentrifuge, Germany); the resulting supernatant was collected
and diluted with ethanol. The absorbance of unentrapped KTP in the
supernatant was then measured using a UV/VIS spectrophotometer
at Amax 254 nm, and the corresponding concentration using a cali-
bration curve (y = 0.0712x+0.0168, R? = 0.9992) [21]. EE% of the
indirect method is calculated using the following equation (2):

Total drug — Unentrapped drug
X

% =
EE% Total drug

100

In vitro dissolution studies

Before carrying out the in vitro dissolution study, the saturation
solubility of KTP must be determined using the shake flask method.
An excess amount of KTP was placed in a stoppered conical flask
containing 10 ml of phosphate buffer (pH 7.4), which was shaken for
24 h at 3720.5 °C to calculate the sink conditions and validated the
dissolution medium [22]. This study was carried out using a USP
dissolution test apparatus Il (paddle method) at a stirring speed of
50 rpm and 500 ml of pH 7.4 phosphate buffer for 6 h at 37+0.5 °C as
the dissolution medium [23]. Drug release from KTP-loaded men-

288



S. M. Jasim & A. H. Khasraghi

thosomal formulations was investigated by the dialysis bag proce-
dure (MWCO 14 kDa) [24]. Prior to conducting the experiment, the
dialysis membrane was pretreated by soaking in phosphate buffer
solution (PBS, pH 7.4) for 24 h [25]. One ml of KTP-loaded men-
thosome formulation (equivalent to 10 mg KTP) was placed in the
dialysis membrane. Samples of 5 ml were taken after specific time
intervals (0.08, 0.16, 0.25, 0.33, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,4, 5, 6 h)
and replaced with fresh phosphate buffer [26]. The samples were
then filtered and analyzed by UV/VIS spectrophotometry (Shimadzu,
model UV-1601 PC, Kyoto, Japan) at Amax 260 nm [27], and the
corresponding concentration was determined using a calibration
curve (y = 0.0658x+0.0123, R? = 0.9995) to construct the release
profile of the KTP menthosome formulations [28].

Release Kinetics of KTP-loaded menthosomes

To elucidate the mechanism of KTP release from the prepared men-
thosome formulations, the in vitro release data (up to 6 h) were
fitted to various kinetic models: zero-order, first-order, Higuchi, and
Korsmeyer-Peppas. The best-fitting model was chosen depending on
the models’ highest correlation coefficients (R?). The n value is the
KTP release exponential that characterizes the drug release mecha-
nism. When the n value is less than 0.43, there is a Fickian diffusion
mechanism and a non-swellable matrix diffusion release mecha-
nism; when the n value is more than 0.43, there is anomalous
transport (both diffusion and erosion) [29].

Field emission scanning electron microscopy (FESEM)

The morphology of the selected formula (K11) was examined using
FESEM; this analysis provided insights into key characteristics such
as PS, shape, and surface texture [30].

Fourier-transform infrared spectroscopy (FTIR)

To assess the compatibility and ensure no interactions occurred
between the components used in formulating the KTP-loaded men-
thosomes, an FTIR analysis was carried out [31]. The FTIR spectra
were recorded using a Shimadzu FTIR-43000 spectrometer (Japan).
Each sample was carefully mixed with potassium bromide (KBr) and
compressed into clear discs. Spectral data were collected over the
range of 4000-400 cm™* with a resolution of 4 cm™ [32].

Zeta potential (ZP)

The Zeta Sizer Ultra (red label) (Malvern Instruments Ltd., Worces-
tershire, UK) measures the intensity and charge type of the men-
thosomal vesicle surface based on electric mobility at 25 °C. Only the
selected formula (K11) was subjected to ZP measurements. Meas-
urements were carried out in triplicate, and results were expressed
as the mean ZP (mV) [15].

Characterization study of the prepared KTP menthosomal gel
Measurement of pH

The pH of KTP menthosomal gel was determined using a digital pH
meter at room temperature. Ensuring the pH of the gel is compatible
with skin pH is important to minimize the risk of skin irritation [33].
One g of the KTP menthosomal gel was dispersed into 100 ml of
deionized water and sonicated for 5 min [34]. The pH meter re-
quires calibration prior to each single use [35].

Measurement of drug content (DC)

An exact amount of 0.2 g of the selected KTP menthosomal gel (theo-
retically equivalent to 2 mg of KTP) was weighed and dissolved in
ethanol up to 10 ml The resulting solution was investigated by a
UV/VIS spectrophotometer at Amax = 254 to calculate the DC after
dilution with the proper volume of ethanol [36]. The % DC in the KTP
menthosomal gel was determined using the following equation (3).

D tent % = Measured amount of KTP % 100
Fug content % = Theoretical amount of KTP

Measurement of viscosity

The viscometer was calibrated correctly to obtain dependable and
accurate readings. The viscosity was measured at room temperature

Int ] App Pharm, Vol 18, Issue 2, 2026, 287-296

using a viscometer (Myr VR3000, Visotech, Spain). The rotation
speed was gradually increased from 0 to 200 with the spindle no. 7
(R7) [37].

Ex-vivo permeation study

An ex vivo skin permeation study was performed using a Franz dif-
fusion cell (had a diffusion area of 3.14 cm? and a 25 ml volume
capacity) [25]. Approval and prior authorization were obtained from
the Research Ethics Committee under project number
(REC032435R). Male Wistar Albino rats (weighing 150+25 g) were
used in this study; the abdominal side of the rat hair was shaved
carefully, followed by the extraction of its connective tissue and
subcutaneous fat, and used freshly. Between the donor and receptor
compartments, the excised skin of the rat was placed, with the stra-
tum corneum facing towards the donor compartment [38]. A perme-
ation study was performed using a KTP menthosomal gel, Fastum®
gel, and KTP plain gel. One g of the KTP menthosomal gel, KTP plain
gel, and 0.4 g of the Fastum® gel (dispenser tube of 50 g), which is
equivalent to 10 mg of the KTP, were placed on the stratum corneum
of the skin specimen. The receptor compartment was filled with
phosphate buffer (pH 7.4), which was maintained at 37+0.5 °C and
magnetically stirred at 300 rpm. The samples were collected (2 ml)
at specific time points (1, 2, 4, 6, 8, 10, 12, and 14 h) [28], replaced
with an equal volume of pH 7.4 buffer to maintain the sink condi-
tions, and analyzed by UV/VIS spectrophotometry at 260 nm [39].

Statistical analysis

The experimental data were analyzed using Design-Expert® version
13.0.5.0 software. The relationship between the independent varia-
bles and the observed responses was modeled using appropriate
regression models (primarily linear polynomial models as indicated
by the fit summary). Model adequacy and the significance of individ-
ual terms were evaluated using analysis of variance (ANOVA). All
model terms were considered statistically significant at P<0.05. The
results were summarized as meanzstandard deviation (SD) for three
samples (in triplicate, n = 3). To compare the differences between
group means where applicable, a one-way ANOVA followed by Tuk-
ey’s post hoc test was performed, and statistical significance was set
at P<0.05.

RESULTS AND DISCUSSION
Evaluation of the KTP-loaded menthosomes

The main drawbacks of the thin film hydration method were the
production of menthosomes with low %EE and the fact that the
technique required more time. In contrast, the ethanol injection
method offers several advantages, including simplicity, a faster
technique, and the use of ethanol as a safe solvent, as well as a high-
er %EE [40].

PS, PD], and %EE

The PS of KTP-loaded menthosomes varied within the range of
152.8+36 to 786.5+40 nm, the PDI values were observed in the
range of 0.068+0.010 to 0.228+0.049, and the %EE of KTP-loaded
menthosomes ranged from 15.9+3% to 89.3+1.3%, as shown in
table 2.

Model terms with a p-value less than 0.0500 were considered signif-
icant, whereas those with values above 0.1000 were regarded as
insignificant.

As shown in table 3, the PS model was statistically significant, as
indicated by an F-value of 9.8, with p-value 0.006. For PS, the factors
identified as significant included A. The model for PDI model was
statistically insignificant, as evidenced by an F-value of 1.15 with p-
value 0.37. The EE% model was found to be statistically significant,
with an F-value of 18.9, with p-value 0.001. Among the evaluated
variables, factor A exhibited the strongest influence, as indicated by
an F-value of 96.3.

As presented in table 2, increasing the concentration of menthol
resulted in a reduction of PS, because menthol acts as an edge activa-
tor. This effect can be attributed to menthol’s ability to improve lipid
fluidity within the stratum corneum and to disturb the tightly
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packed hexagonal and orthorhombic hydrocarbon chain arrange-
ments, thereby loosening the lipid packing; similar findings have
been reported by Nayak D et al [41]. PDI serves as an indicator of
the homogeneity of a formulation. Value closer to 0 denote a mono-
disperse distribution, while those approaching 1 reflect a broad and
heterogeneous vesicle population. The PDI of the formulations was
within the range (0.068 to 0.228), indicating that the menthosome
formulations prepared were homogenous; Al-Sawaf et al's study
noted similar results [15]. Increasing the concentration of menthol
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resulted in a decrease in EE%. While menthol enhances bilayer elas-
ticity and flexibility, its rising concentration introduces competition
with KTP, which is hydrophobic and preferentially localizes within
the lipid domains. This competition limits the available space within
the bilayer for drug incorporation, thereby reducing the overall %EE
[41]. Additionally, the presence of non-ionic surfactant (Span® 60)
and SL contributes to encapsulation, enabling the drug to partition
into both the lipid bilayer and the aqueous core of the vesicles; simi-
lar effects have been reported by Manjushree et al. [42].

Table 2: Mixed-level factorial design matrix and the observed experimental responses

Run Factor 1 X1 men- Factor 2 Factor 3 Response 1 Response 2 Response 3
thol (mg) X2 Span®60 (mg) X3 SL (mg) R1 PS (nm) Rz PDI R3 %EE
k1 0 200 100 578.2+65 0.138+0.061 78.6£2.6
k2 100 200 100 382.7+12 0.101+0.030 81.7+1.5
k3 300 200 100 215+41 0.133+0.035 15.9+3
k4 0 100 200 415.5%32 0.16+0.051 74.4%2
k5 100 100 200 267.5+29 0.111+0.029 78.9%2
k6 300 100 200 213.3+21 0.068+0.010 30.9+3.6
K7 0 150 150 658.7+72 0.228+0.049 76.6£3
K8 100 150 150 268+51 0.196+0.133 82.3+2.1
K9 300 150 150 152.8436 0.155+0.035 35.5%6.3
K10 0 100 300 447+32 0.170+0.048 76.8+2.2
K11 100 100 300 218.4+12 0.141+0.040 89.3£1.3
K12 300 100 300 165.5+28 0.145+0.038 25.2+6.3
K13 0 200 300 786.5+40 0.102+0.085 62.2+3.8
K14 100 200 300 299.6+35 0.131+0.058 67.5+2.4
K15 300 200 300 210+41 0.099+0.082 33.4+5.1

The results were expressed as mean+SD (n = 3)

Table 3: Summary of statistical models with F value and p-value of corresponding responses

Source PS PDI % EE

F-value p-value F-value p-value F-value p-value
Model 9.08 0.0026 1.15 0.3727 12.24 0.0008
A 23.66 0.0005 2.25 0.1614 35.88 0.0001
B 3.35 0.0942 0.76 0.4012 0.76 0.3993
C 0.040 0.8440 0.76 0.4015 0.22 0.6453

A: Menthol, B: Span 60, C: Soybean lecithin

In vitro drug release study

The saturation solubility value of KTP in phosphate buffer (pH 7.4)
was found to be 8.12+1.3 mg/ml. In vitro drug release was carried
out only for formulas with the highest %EE (K11, K8) and free drug.
During the 6 h release assay, the drug was released from the men-
thosomal vesicles. All the vesicular delivery systems demonstrated
an ability to control the release of the drug [43]. Formulations with

the highest %EE, K11, showed a higher release percentage
(95.7+0.9%) compared to formulation K8 (%EE of 87+2.1%) [44].
Although both K11 and K8 had relatively high % EE values, the su-
perior release from K11 can be attributed to its higher concentration
of SL, which acts as a penetration enhancer [45].

As shown in fig. 1B, the in vitro drug release model demonstrated strong
statistical significance, reflected by an F-value of 555 (“"“P<0.0001).
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Fig. 1: A-In vitro dissolution profile of pure KTP, K11, and K8, B-Statistical comparison analysis of in vitro release of pure KTP, K11, and
K8, meantSD (n=3). One-way ANOVA followed by Tukey’s multiple comparison test showed highly significant differences between pure
KTP and K8 (****p<0.0001) and between pure KTP and K11 (****p<0.0001), as well as a significant difference between K8 and K11 (**p =
0.0047), The calculated correlation coefficients (R?), release constants (K), and release exponent (n) are presented in table 4

290



S. M. Jasim & A. H. Khasraghi

Int ] App Pharm, Vol 18, Issue 2, 2026, 287-296

Table 4: Summary of KTP release Kinetic modeling for the formulations K8 and K11

Formula Zero order First order Higuchi model Korsmeyer Peppas model

Ko R? K1 R2 Ku R2 Kkp N R?
K8 0.335 0.2134 0.009 0.8846 5.280 0.9525 6.279 0.491 0.9948
K11 0.369 0.0195 0.012 0.8923 5.858 0.9181 8.752 0.441 0.9890

Ko: Zero order release constant, Ki: First order release constant, Ku: Higuchi release constant, Kke: Korsmeyer-Peppas release constant, R?: correla-

tion coefficient, n: release exponent

As shown in table 4, the Korsmeyer-Peppas model exhibited the
highest R? values for both formulations (K8: R? = 0.9948; K11: R?
= 0.9890), indicating it was the best-fit model. To further under-
stand the release mechanism, the release exponent 'n' was evalu-
ated. The 'n' values for formulations K8 and K11 were 0.491 and
0.441, respectively. Since both values were more than 0.43, this
suggests that the KTP release mechanism from the menthosome
formulations is predominantly governed by non-Fickian diffusion
and erosion.

Determining the selected formula

To complete the remaining tests, select the best formulation, which
exhibits a PS (218.4+12 nm), a PDI (0.14£0.04), the highest %EE
(89.3+1.3%), and the highest % of release (95.7+0.9%) over 6 h. As a
result, the formula K11 from table 2 was chosen.

FESEM

The morphological aspects of the selected KTP-loaded menthosome
formulation were investigated using FESEM. Fig. 2 revealed FESEM
images in different nanoscale sizes. The FESEM images demonstrated
that the KTP-loaded menthosomes exhibited a roughly spherical mor-
phology with a uniform distribution [46]. However, the PS measured
by DLS was larger than that observed in the FESEM images. This dis-
crepancy is expected, as DLS measures the hydrodynamic diameter,
which includes layers of water surrounding the menthosomes, result-
ing in larger sizes in solution, whereas FESEM analysis was conducted
on dry particles [47]. DLS intensity-based distributions are inherently
more sensitive and biased towards larger particle populations. How-
ever, the formulation's low PDI of 0.14 signifies a relatively monodis-
perse system, a finding that corroborates the uniform particle mor-
phology observed in the FESEM images.

Fig. 2: FESEM image of the K11 formula showing menthosome vesicles in the nanometer range

ZP determination

ZP is an essential parameter for assessing the stability of colloidal dis-
persions through both physical and chemical mechanisms. Physically, it
represents the electrostatic potential at the interface between dispersed
particles and their surrounding medium. Higher ZP values are generally
associated with improved stability, as strong repulsive forces prevent
particle aggregation. Conversely, lower ZP values indicate weaker repul-
sion, allowing attractive forces to dominate and promoting particle clus-
tering [48]. Chemically, the anionic environment may protect the un-
saturated lipids in SL component from oxidative degradation, thereby
contributing to long-term stability of the system [49]. Fig. 3 shows a ZP
of selected KTP-loaded menthosome formula (K11) of-35+2 mV, indicat-
ing high stability of the formulation. A possible source for the negative
charge on the surface of the menthosome vesicles is the presence of
anionic phosphate groups (-P0,%7) in the phospholipid contributed to
the formula [50]. The presence of cholesterol, which plays a key role in
enhancing colloidal stability by reducing the likelihood of vesicle fusion
or particle aggregation during storage [51].

FTIR

The FTIR spectra exhibit distinct peaks of pure KTP and other com-
ponents in the menthosome formulation.

For pure KTP, it showed the drug's unique "fingerprints,” especially
the two strong carbonyl (C=0) peaks at 1695 cm™ (from the car-

boxylic acid) and 1653 cm™ (from the ketone). We also noted its
other key features, like the broad O-H stretch around 3417 cm~! and
the aliphatic C-H stretches (2976-2935 cm™).

When we analyzed the simple physical mixture (PM), the spectrum
was essentially a straightforward composite of all the individual
ingredients. The two critical KTP C=0 signals were still clearly visi-
ble at 1697 cm™ and 1653 cm™*. This was a crucial finding, as it
confirmed that no strong chemical reactions occurred just from
mixing, validating the components' compatibility.

In sharp contrast, the spectrum for the final K11 formulation told a
completely different and more significant story. It provided defini-
tive proof of drug encapsulation. The two distinct C=0 peaks that
define crystalline KTP had disappeared. In their place, a new, strong,
and slightly broader band emerged at 1637 cm™.

This dramatic shift shows that the KTP's natural intermolecular hy-
drogen bonding (its dimer structure) was disrupted. Instead, the
drug's functional groups (C=0 and O-H) formed new hydrogen-
bonding interactions with the excipient molecules (such as the phos-
pholipid's P=0 and the O-H groups from cholesterol and menthol).

This confirms that the KTP was no longer present in its original
crystalline form but was successfully entrapped and molecularly
dispersed within the lipid-menthol matrix of the menthosome [38].
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Evaluation of the prepared KTP menthosomal gel
Determination of pH

The KTP menthosomal gel showed a pH of 6x0.2, meeting the
benchmark pH for skin application to minimize the risk of skin irri-
tation, which is particularly important for formulations intended for
sensitive skin [52].

Determination of DC

The %DC for the KTP menthosomal gel was 98.7+0.8%, referring to
a high level of accuracy in the preparation method (the drug was
efficiently incorporated within the formulation and uniformly dis-
tributed within the gel), which is crucial for ensuring therapeutic
efficacy.

Determination of the viscosity

The KTP menthosomal gel showed a shear-thinning profile, where
viscosity declined as the shear rate increased, which was advanta-
geous because it enhanced spreadability during application on skin
[53].
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Fig. 5: Viscosity profile of the KTP menthosomal gel
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Ex vivo permeation study

Transdermal permeation measurement of a drug is a critical step in
formulation development. An ex vivo skin permeation study was per-
formed on the KTP menthosomal gel, Fastum® gel, and KTP plain gel.
The results showed that the KTP menthosomal gel achieved a permea-
tion of 81.2+3.1% at 14 h, compared with 63.4%4.6% for Fastum® gel
and 33.7+5.2% for KTP plain gel (fig. 6A).

Ex vivo permeation was carried out only on the selected KTP men-
thosomal gel based on the K11 formulation because it demonstrated a
significantly higher in vitro drug release percentage (“p<0.01) compared
with pure KTP and another formulation (K8). At 6 h, the percentage of
permeated drug from the selected KTP menthosomal gel was 53.8%,
which was lower than the in vitro drug release of the same formulation
(95.7%). This reduction may be attributed to slow diffusion of the drug,
first from the menthosomal vesicles, followed by delayed diffusion from
the gel matrix (gel viscosity effect), as well as the difference in thickness
of rat skin compared with the dialysis membrane [54]. Previous studies
have shown similar findings with other drug-loaded menthosomes. For
example, a study by Nayak D et al. (2024) found that ex vivo skin perme-
ation of the optimized menthosome formulation of ibuprofen exhibited a
drug release of 60.05+2.80% over 7.5 h, significantly higher than the
conventional liposome, which had a drug release of 15.42+1.97% [41].
Another study by Manjushree H et al (2025) on ketoconazole-loaded
menthosomes reported a cumulative drug permeation of the optimized
formulation reached 67.70+0.64%; in contrast, the marketed formula-
tion was observed at 45.42+1.03%, and conventional liposomes were
observed at 55.3+0.86% [42], indicating that menthosome formulations
generally exhibit higher skin permeation compared to traditional
nanocarrier systems.

Fig. 6B illustrated a significant enhancement of KTP permeation
(****p<0.0001) from the menthosomal gel compared with KTP plain
gel due to vesicular components, which increased flexibility and fluidi-
ty by redistributing the penetration enhancer (Span® 60), menthol,
cholesterol, and SL through the stratum corneum of the rat skin [55],
and (**p<0.01) from Fastum® gel because menthol is thought to dis-
rupt the ceramide-based hydrogen bonding network within skin lipid
bilayers [56]. When skin is treated with menthol, alterations in the
epidermal structure, along with the formation of microcavities, are
observed. These microcavities may act as drug reservoirs, supporting
sustained release and facilitating diffusion [57].
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293



S. M. Jasim & A. H. Khasraghi

CONCLUSION

The study successfully developed KTP-loaded menthosomes using the
ethanol injection-probe sonication technique. The optimized formula-
tion demonstrated favorable characteristics, including suitable PS,
narrow PDI, stable ZP, high %EE, and an in vitro release exceeding
90% within 6 h. Furthermore, ex vivo skin permeation experiments
confirmed significantly improved drug permeation compared to the
plain gel. These improvements can be attributed to the synergistic
action of menthol with lipid-based nanocarriers. By facilitating deeper
penetration and sustained delivery, this lipoidal vesicular system
effectively enhances therapeutic performance. Overall, the results
indicate that KTP-loaded menthosomes represent a promising plat-
form for the transdermal delivery of hydrophobic drugs.

However, a limitation of the current study is the lack of a short-term
stability evaluation of the optimized menthosomal dispersion (K11)
and the final gel. Assessing changes in key parameters such as PS,
PDI, ZP, and %EE over time (e. g, 1-3 mo at 4 °C and 25 °C) would
provide valuable insights into the formulation’s shelf life and ro-
bustness. Therefore, conducting comprehensive stability studies
should be considered a key objective for future research to further
validate the practical applicability of this promising delivery system.
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