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ABSTRACT 

Objective: The study aimed to develop and optimize a Tapinarof-loaded menthosomal gel for improved topical delivery in the treatment of plaque psoriasis. 
The objective was to enhance solubility, drug retention, skin permeation, and formulation stability using a menthol-integrated vesicular system. 

Methods: Menthosomes were prepared using the thin-film hydration technique and optimized using a 2³ factorial design to evaluate the influence of 
phosphatidylinositol, cholesterol, and menthol on vesicle size, zeta potential, and entrapment efficiency. The optimized formulation was incorporated 
into a carbopol-based gel and evaluated for physicochemical properties, in vitro release, ex vivo permeation, and stability over 90 days. 

Results: The optimized formulation (PF6) containing 200 mg phosphatidylinositol, 10 mg cholesterol, and 100 mg menthol demonstrated a vesicle 
size of 267.9±11.7 nm, zeta potential of –32.6±1.6 mV, and entrapment efficiency of 92.7±1.8%. Upon gel incorporation (MG2), the formulation 
showed a pH of 6.75±0.12, viscosity of 15,680±512 centipoise (cP), and drug content of 97.9±1.5%. Ex vivo permeation showed 86.4±3.0% drug 
permeated in 12 h with a flux of 52.15±1.98 µg/cm²/h. The gel remained stable over 6 mo under both long-term (25 °C/60% RH) and accelerated 
(40 °C/75% RH) conditions with acceptable changes in performance parameters meeting ICH stability criteria. 

Conclusion: The menthosomal gel showed 3.2-fold higher skin permeation and 2.8-fold greater drug retention than plain gel, indicating superior 
dermal delivery. However, further studies on bioavailability, systemic exposure, and comparative efficacy are needed for clinical translation. In vivo 
evaluation is recommended for further validation. 
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INTRODUCTION 

Plaque psoriasis affects 125 million individuals worldwide by 
causing extensive healthcare challenges since it occurs in 0.5% to 
11.4% of different world populations [1]. Healthcare systems face 
large financial expenses from illness treatment because of this long-
term autoimmune disease, which severely affects patient life quality 
at a cost of more than $112 billion per year globally [2]. The present 
therapeutic methods that combine topical corticosteroids with 
systemic medicines struggle with adverse side effects and treatment 
unresponsiveness and insufficient patient adherence [3]. Severe 
psoriasis treatment has experienced significant change through the 
arrival of biologics, although their combined financial burden and 
immune-related side effects prevent their full implementation. 
Recent medical research demonstrates that psoriasis rates keep 
increasing across developing world territories while underscoring 
the pressing requirement for new treatment methods that combine 
both effectiveness and affordability with accessibility [4]. 

 

 

Fig. 1: Structure of tapinarof 
 

Tapinarof is an emerging aryl hydrocarbon receptor (AHR) 
modulating agent that demonstrates significant potential as a 
therapeutic compound for plaque psoriasis management [5]. The 
novel therapeutic agent contains both potent anti-inflammatory 
properties and immunomodulatory effects through selective binding 
that activates the AHR pathway because of its unique pentacyclic 

structure. Prior experimental research confirmed how tapinarof 
corrects keratinocyte differentiation patterns while systematically 
blocking pro-inflammatory cytokines IL-17 and IL-23 [6]. Clinical 
trials show important Psoriasis Area and Severity Index (PASI) score 
enhancements while Phase III trials indicate equal clearance 
outcomes as biological treatments. Long-term management benefits 
from the compound because it combines good safety attributes with 
sustained therapeutic outcomes after treatment [7, 8]. 

Menthosomal gel technology stands as a major breakthrough in 
creating advanced topical drug delivery methods for psoriasis 
treatment [9]. This novel carrier system integrates the permeation 
enhancement properties of menthol into vesicular formulationsto 
create superior topical medication delivery systems beyond 
standard topical medicine approaches [9]. Through its menthosomal 
structure, the system enables better skin penetration by two main 
processes of bordering stratum corneum membranes and creating 
storage areas within deeper skin tissues. Modern nanocarrier 
technology shows that drug permeation rates with menthosomal 
systems reach 3.5 times higher levels than conventional formulas 
while keeping stable drug release and stability. The new technique 
solves standard topical medication problems by overcoming poor 
medication availability and inconsistent drug distribution [10]. 

The current research investigates the production and 
characterization of Tapinarof-loaded menthosomal gel as an 
improved formulation to treat plaque psoriasis topically. The study 
focuses on two main objectives to achieve maximum drug loading 
and stability in addition to permeation testing and therapeutic 
model assessment. The research creates a new affordable treatment 
solution which outperforms conventional topical drugs while 
offering better patient adherence. 

MATERIALS AND METHODS 

Materials 

Tapinarof (analytical grade) was obtained from Sciquaint Innovations 
Pvt. Ltd. (Pune, India). Phosphatidylinositol and cholesterol were 
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sourced from Lipoid GmbH (Germany) and HiMedia Labs (Mumbai, 
India), respectively. Menthol, Carbopol 940, propylene glycol, 
triethanolamine, and methyl paraben were procured from standard 
suppliers, including SD. Fine Chemicals, Lubrizol, Merck, and Loba 
Chemie. Methanol and ethanol (high-performance liquid 
chromatography (HPLC) grade) were from Finar Ltd. (Ahmedabad, 
India). All other chemicals used were of analytical grade. 

Methods 

Calibration curve of tapinarof 

A calibration curve for tapinarof was prepared to establish a 
validated analytical method for drug measurement. To make the 
1000 μg/ml stock solution 10 mg of tapinarof received dissolution in 
10 ml of methanol. Serial dilutions were prepared from the stock 
solution (1000 μg/ml) that created concentrations from 2-20 μg/ml. 
Researchers measured the solution absorbance at 242 nm using 
Shimadzu ultraviolet spectroscopy (UV)-1800 ultraviolet 
spectroscopy (UV)-visible spectrophotometer (Lab India 
Instruments, India) while setting methanol as the blank sample. 
Researchers constructed the calibration curve through absorbance 
versus concentration measurements, allowing them to determine 
the linear regression equation (y = mx+c). The experiments ran 
three times (n=3) at room conditions (25±2 °C) while determining 
the correlation coefficient (R²) for linear evaluation [11, 12]. 

Solubility study 

The solubility measurement of Tapinarof occurred in water, ethanol, 
methanol, phosphate buffer pH 6.8, alongside dimethyl sulfoxide 
(dimethyl sulfoxide (DMSO)) solvent. A mechanical shaker (Remi 
CIS-24 Plus, Mumbai, India) operated at 25±2 °C performed 48 h of 
shaking in screw-capped vials containing excess Tapinarof with 5 ml 
of each solvent for equilibrium formation. The supernatant 
separation of undissolved drug occurred through centrifugation at 
5000 rpm for fifteen minutes. A suitable dilution process followed 
filtration of the supernatant solution using Whatman filter paper No. 
1. The concentration analysis of Tapinarof in various solvents 
proceeded by using a UV-visible spectrophotometer (UV-1800, 
Shimadzu, Japan) set to 321 nm wavelength. The research 
determined results through three repeated tests that presented 
standard deviation as average statistics [13, 14]. 

Fourier-transform infrared spectroscopy (FTIR) analysis 

FTIR spectroscopy through Fourier transform was utilized for 
investigating tapinarof-excipient interactions. An FTIR 
spectrophotometer model Alpha II from Bruker India Scientific in 
Bangalore India scanned FTIR spectra from 4000-400 cm⁻¹. 
Laboratory personnel prepared pure tapinarof samples together 
with physical mixture samples through pellet formation after mixing 
both KBr and pure tapinarof in 1:100 ratios. A resolution of 4 cm⁻¹ 
served to obtain each spectrum through an average of 16 scans 
collected at ambient temperature. The platform used to detect peaks 
in the spectra would identify notable changes or peak disappearance 
to reveal drug-excipient interactions [15, 16]. 

Differential scanning calorimetry (DSC) analysis 

A DSC analyzer measured both thermal responses and mutual 
compatibility between tapinarof and other formulation ingredients. 
The analysts placed 3-5 mg portions of individual pure tapinarof and 
its physical mix into sealed aluminum pans. A differential scanning 
calorimeter DSC 214 Polyma by NETZSCH India Pvt. Ltd. located in 
Chennai India served to record DSC thermograms after calibrating 
with indium. The heating process started at 30 °C before reaching 

300 °C at a rate of 10 °C/min under a nitrogen gas flow rate of 50 
ml/min. The reference used an empty aluminum pan. An evaluation 
of compound interactions was conducted through heat-induced 
testing of melting points and enthalpy changes alongside phase 
transitions monitoring. The experiment runs were performed three 
times as triplicates (n=3) [17, 18]. 

Experimental design 

A systematic 2³ full factorial design was implemented using Design 
Expert® software (Version 13.0.5, Stat-Ease Inc., Minneapolis, USA) 
to optimize the menthosomal formulation through response surface 
methodology (RSM). Three critical material attributes were selected 
as independent variables: phospholipid concentration (X₁: 100-200 
mg), cholesterol concentration (X₂: 10-30 mg), and menthol 
concentration (X₃: 50-100 mg), evaluated at two levels (coded as-1 
and+1) based on preliminary screening studies. The design matrix 
comprised eight experimental runs with three center point 
replicates to estimate pure error and assess model adequacy:  

Y = b₀+b₁X₁+b₂X₂+b₃X₃+b₁₂X₁X₂+b₁₃X₁X₃+b₂₃X₂X₃+b₁₂₃X₁X₂X₃ 

Where Y is the dependent variable, b₀ is the arithmetic mean 
response, and b₁, b₂, b₃ are the estimated coefficients for factors X₁, 
X₂, and X₃, respectively. The interaction terms (X₁X₂, X₁X₃, X₂X₃, 
X₁X₂X₃) show how the response changes when two or three factors 
are simultaneously changed [19, 20]. 

Preparation of menthosomes 

The thin film hydration technique helped prepare menthosomes 
incorporating tapinarof. The preparation process started with 
dissolving selected amounts of tapinarof with hydrogenated soy 
phosphatidylinositol, cholesterol, and menthol in a round-bottom 
flask containing 10 ml of chloroform mixture prepared in a 2:1 
volume ratio. The rotary evaporator process with reduced pressure 
at 60 revolutions per minute (rpm) removed the organic solvent 
from the flask at 40 °C to generate a lipid film adhering to the flask 
wall. The flask spent an entire night within a desiccator, which 
allowed total elimination of remaining solvent. The dried film 
received 10 ml of phosphate buffer (pH 7.4) through rotation at 60 
revolutions per minute (rpm) under standard temperature 
conditions of 40 °C during one hour. The menthosomal suspension 
went through sonication using a probe sonicator (PCI Analytics, 
Mumbai, India) under 40% amplitude for duration of 5 min while 
adjusting the pulse cycles to operate for 5 secs followed by 5 secs of 
rest. The storage process at 4 °C lasted 24 h to complete vesicle 
maturation ahead of characterizing the preparation [21, 22]. 

Preparation of menthosomal gel 

The characterization outcomes led to the development of 
menthosomal-bearing carbopol-based gel formulations. The 
researchers prepared three distinct gel formulations which they 
labeled as MG1, MG2 and MG3 through changes in gelling agent 
amounts. Carbopol 940 required at three dosage levels (0.5%, 1.0%, 
or 1.5% w/w) got dispersed in distilled water before being allowed 
to hydrate for 24 h. An optimized menthol suspension containing 
0.5% w/w tapinarof was added gradually under mechanical stirring 
through an India-based Remi Motors device at 500 rpm for 30 min. 
Further addition of triethanolamine using the same stirrer 
maintained the pH between 6.8 and 7.0 to achieve gel formation. A 
mixture containing 5% w/w propylene glycol served as a humectant, 
while the preservative came from 0.2% w/w methyl paraben. The 
gels needed a 24 h period at room temperature for their equilibrium 
before their evaluation process started [23, 24]. 

 

Table 1: Independent and dependent variables in 2³ factorial design 

Independent variables Levels 
Low (-1) High (+1) 

X₁: Hydrogenated soy phosphatidylinositol (mg) 100 200 
X₂: Cholesterol (mg) 10 30 
X₃: Menthol (mg) 50 100 
Dependent variables Goal 
Y₁: Entrapment efficiency (%) Maximize 
Y₂: Vesicle size (nm) Minimize 
Y₃: Drug permeation at 8 h (%) Maximize 
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Table 2: Composition of menthosomal formulations as per factorial design 

Batch Tapinarof (mg) phosphatidylinositol (mg) Cholesterol (mg) Menthol (mg) 
SF1 50 100 10 50 
SF2 50 200 10 50 
SF3 50 100 30 50 
SF4 50 200 30 50 
SF5 50 100 10 100 
SF6 50 200 10 100 
SF7 50 100 30 100 
SF8 50 200 30 100 

 

Table 3: Composition of menthosomal gel formulations 

Ingredients MG1 (% w/w) MG2 (% w/w) MG3 (% w/w) 
Optimized menthosomal suspension (equivalent to tapinarof) 0.5 0.5 0.5 
Carbopol 940 0.5 1.0 1.5 
Propylene glycol 5.0 5.0 5.0 
Triethanolamine q. s. q. s. q. s. 
Methyl paraben 0.2 0.2 0.2 
Distilled water q. s. to 100 q. s. to 100 q. s. to 100 

 

Characterization of menthosomes 

Vesicle size and polydispersity index 

The Horiba SZ-100 model of particle size analyzer from Lab India 
Instruments in Delhi, India performed dynamic light scattering to 
determine menthosomal vesicle size averages and polydispersity 
indices (polydispersity index (PDI)s). The scientists analyzed the 
diluted samples by using filtered distilled water (1:10 dilution) at a 
scattering angle of 90° under temperature conditions of 25 °C. There 
were three repeated assessments (n=3) for each measurement, 
which resulted in recording the mean vesicle size and polydispersity 
index (PDI) values [25]. 

Zeta potential 

The zeta potential measurements of menthosomal formulations 
occurred using Horiba SZ-100 particle size analyzer from Lab India 
Instruments, based in Delhi, India and its zeta potential analyzer. 
The measurement of zeta potential in electrophoretic cells at 25 °C 
occurred through analysis of electrophoretic mobility under an 
applied electric field for diluted samples. The experiments relied on 
three independent measurements (n=3) and showed results as mean 
values together with standard deviation values [26]. 

Entrapment efficiency 

A centrifugation technique determined the entrapment efficiency of 
tapinarof within menthosomes. Menthosomal suspension passed 
through a Remi R-8C cooling centrifuge (Mumbai, India) at 15,000 rpm 
during 45 min at 4 °C to enable unentrapped drug separation. The UV 
spectrophotometer at 242 nm assessed the free drug concentration in 
the supernatant materials. The formula below helped evaluate 
menthosomal entrapped drug loading percentages [27]: 

Entrapment efficiency (%)

=
Initial drug amount −  Amount of free drug 

Initial drug amount
× 100 

Scanning electron microscopy 

A post-processing analysis of optimized menthosomal formulation 
involved the utilization of scanning electron microscopy (scanning 
electron microscopy (SEM)) operated by Carl Zeiss India Ltd. India 
using ZEISS EVO 18 in Bangalore, India. The method involved 
putting a drop of menthosomal suspension onto an aluminum stub 
followed by drying at normal temperature. The sputter coater 
SC7620 by Quorum Technologies, which Aimil supplied from New 
Delhi applied gold coating on the dried sample for 120 seconds at 10 
mA to prepare it for electrical conductivity. An electrically 
conductive state was achieved through gold palladium coating of the 
developed menthosomal formulation by using a sputter coater 
machine at 10 mA constant current for 120 seconds at New Delhi, 
India. The device used to study menthosomal samples under 
scanning electron microscopy (SEM) operated at 15 kV through 

different magnification settings, while applying gold coating to the 
samples. An analysis of multiple fields provided morphological 
details about the surface features and vesicular properties of the 
menthosomal formulation [28]. 

In vitro drug release studies 

The dialysis membrane diffusion technique measured drug release from 
menthosomal formulations in an in vitro setting. The dialysis membrane 
with a molecular weight cut-off range of 12,000-14,000 Da from HiMedia 
Laboratories, Mumbai, India received 24 h of distilled water soaking 
before use. To ensure sink conditions, sink index calculations were 
performed using the formula: Sink Index = Volume of medium × Drug 
solubility/Total drug amount. With tapinarof solubility of 2.5 mg/ml in 
phosphate buffer pH 7.4 containing 0.5% w/v Tween 80, the sink index 
was calculated as (200 ml × 2.5 mg/ml)/5 mg = 100, confirming 
adequate sink conditions (>3). Menthosomal suspension containing 
tapinarof equivalent to 5 mg was sealed in dialysis membrane (MWCO 
12,000-14,000 Da) and immersed in 200 ml of pre-equilibrated release 
medium maintained at 37±0.5 °C with continuous stirring at 50 rpm 
using a magnetic stirrerwhile maintaining a temperature of 37±0.5 °C 
with 50 rpm stirring speed using a magnetic stirrer from Remi 
Equipment in Mumbai, India. Medium intake through 5 ml aliquots 
occurred at pre-set time points (0, 1, 2, 4, 6, 8, 10 and 12 h) before the 
addition of equivalent fresh solution to preserve sink conditions. The 
membrane filtration step utilized a 0.45 μm pore size followed by drug 
content examination at 242 nm wavelength through a UV 
spectrophotometer instrument. The drug release amounts were 
assessed throughout the experiment to calculate percentage release 
rates, which received graphical representation. The experimental work 
was conducted three times (n=3) while results appeared as mean values 
including standard deviation [29]. 

Evaluation of menthosomal gel 

Physical appearance and homogeneity 

Evaluation of prepared menthosomal gels focused on clarity 
combined with color observation, assessment of homogeneity and 
detection of any particulate matter. A small gel piece was put in 
between the thumb and index finger to check for coarse particles 
during homogeneity assessment. We evaluated consistency and 
texture by observing the gels visually [30, 31]. 

pH determination 

A digital pH meter from Eutech Instruments, based in Lab India 
Delhi, India evaluated the pH values for menthosomal gel 
formulations. A single g of gel was blended with 10 ml of distilled 
water before the mixture stood for two hours. Prior to any 
measurement the electrode required calibration through standard 
buffer solutions of pH values 4.0, 7.0 and 9.0. The electrode was 
placed in the prepared gel dispersion before collecting data at room 
temperature (25±2 °C). Each measurement repeated three times 
(n=3) while results presented as mean±standard deviation [32]. 
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Spreadability 

The spreadability of menthosomal gel formulations was determined 
using the parallel plate method. A sample of 0.5 g gel was placed on a 
glass plate (10 × 10 cm), and another glass plate of equal dimension 
was placed over it with a weight of 100 g allowed to rest on the 
upper plate for 5 min to expel entrapped air and provide a uniform 
gel film. The time (in seconds) required for the upper plate to slide 
off when 80 g weight was tied to it was noted. Spreadability was 
calculated using the following formula:  

S =
M × L

T
 

Where S is spreadability (g·cm/sec), M is the weight tied to the 
upper plate (g), l is the length of glass plate (cm), and T is the time 
taken for the plates to slide off (sec). The measurements were 
performed in triplicate (n=3) at room temperature (25±2 °C) [33]. 

Viscosity measurement 

The viscosity evaluation of menthosomal gel formulations occurred 
through Brookfield viscometer (LVDV-II+Pro, Brookfield Engineering 
Inc., supplied by Lab India, Mumbai, India) using spindle no. 64 at 25±1 
°C. A beaker received 10 g of gel followed by lowering the spindle at right 
angles so the tip reached the center of the gel while maintaining air 
bubble prevention. Data collection for the dial reading occurred during 
the equilibration period using five rotational speeds (0.5, 1, 2, 5, and 10 
rpm). The measurements of viscosity values appeared in centipoise (cP). 
The experimental tests occurred three times (n=3) [34]. 

Drug content 

The viscosity evaluation of menthosomal gel formulations occurred 
through Brookfield viscometer (LVDV-II+Pro, Brookfield Engineering 
Inc., supplied by Lab India, Mumbai, India) using spindle no. 64 at 25±1 
°C. A beaker received 10 g of gel followed by lowering the spindle at right 
angles so the tip reached the center of the gel while maintaining air 
bubble prevention. The trials were conducted at six different rotational 
speeds (0.5, 1, 2, 5, and 10 rpm) to note dial readings after equilibration 
reached. The measurements of viscosity values appeared in centipoise 
(cP). The experimental tests occurred three times (n=3) [35]. 

Ex vivo skin permeation studies 

The ex vivo skin permeation studies utilized freshly obtained goat 
skin from a local slaughterhouse, which researchers placed inside a 
Franz diffusion cell apparatus (Orchid Scientific, Nashik, India). The 
researchers cleaned the skin area before removing subcutaneous fat. 
The skin washing procedure involved multiple normal saline rinses 
while it remained stored at-20 °C before its planned usage within 24 
h from collection. Before experimentation the researchers exposed 
the skin to saline hydration for 30 min to thaw and hydrate it. The 
researcher positioned the skin between the donor and receptor 
compartments of the diffusion cell with stratum corneum oriented 
toward the donor side. The measurement area, which facilitated 
effective diffusion, amounted to 2.54 cm square. The receptor 
separation contained 20 ml of phosphate buffer (pH 7.4) with 0.5% 

w/v Tween 80, which was maintained at 37±0.5 °C through 
continuous stirring at 50 rpm. A 0.5 g amount of menthosomal gel 
with 2.5 mg of tapinarof received uniform application for the donor 
compartment skin surface. A volume of 1 ml was drawn from the 
receptor compartment during pre-determined time points starting 
from 0 h until 24 h with the subsequent replacement of an 
equivalent medium amount to preserve sink conditions. UV 
spectrophotometer was used to analyze the filtered samples at a 
wavelength of 242 nm. A plot of drug permeation quantity (μg/cm²) 
versus time showed values in the study area. The analysis computed 
permeation parameters, which included steady-state flux (steady-
state flux (Jss), μg/cm²/h) and permeability coefficient (Kp, cm/h) 
and enhancement ratio (ER). The permeability coefficient calculation 
followed a procedure involving the flux determination through the 
linear permeation curve's slope, together with the specified 
equation. 

Kp =
Jss

C₀
 

Where C₀ is the initial concentration of drug in the donor 
compartment. 

The enhancement ratio was calculated as the ratio of flux from 
menthosomal gel to the flux from conventional gel. All experiments 
were performed in triplicate (n=3) [36]. 

Stability studies 

The stability testing of the optimized menthosomal gel occurred in 
accordance with International Council for Harmonisation (ICH) 
Q1A(R2) guidelines under both long-term and accelerated storage 
conditions. The stability study took place within tightly sealed 
amber-colored glass containers under two different storage 
conditions: long-term stability at 25±2 °C/60±5% RH and 
accelerated stability at 40±2 °C/75±5% RH in stability chambers 
(Thermolab Scientific Equipment, Mumbai, India) for six months. 
The predetermined time points (0, 1, 2, 3, 4, 5, and 6 mo) served for 
sample withdrawal to assess physical characteristics together with 
pH measurements, viscosity analysis, alongside drug content 
evaluation and in vitro drug release determination. Analysis of data 
through one-way ANOVA with subsequent Tukey's test at p<0.05 
significance level utilized GraphPad Prism software (Version 8.0, 
GraphPad Software Inc., San Diego, USA) to check formulation 
stability at stressed conditions. All the analyses occurred three times 
(n=3) while the results displayed mean±standard deviation [37]. 

RESULTS AND DISCUSSION 

Calibration curve of Tapinarof 

A calibration curve for Tapinarof was developed using UV-visible 
spectrophotometry at 242 nm over a concentration range of 2–20 
µg/ml. The method showed excellent linearity with a high 
correlation coefficient, confirming accuracy and reproducibility. This 
curve was used for drug estimation in entrapment efficiency, in vitro 
release, and ex vivo permeation studies (fig. 2). 

 

 

Fig. 2: Calibration curve of Tapinarof 
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Solubility analysis 

Solubility studies of tapinarof in various solvents were conducted to 
guide formulation development. Testing results from table 4 
demonstrate that drug solubility reached 18.4±0.9 mg/ml in DMSO 

but 10.8±0.5 mg/ml in ethanol, while phosphate buffer pH 6.8 
showed 2.5±0.2 mg/ml solubility and water contained only 
0.03±0.01 mg/ml. These results confirm that tapinarof exhibits 
lipophilic characteristics, which justifies using menthosomes as lipid 
carriers to boost the drug's skin penetrability and solubility. 

 

Table 4: Results of solubility analysis of tapinarof 

S. No. Solvent Solubility (mg/ml) Results 
1 Water 0.03±0.01 Practically insoluble 
2 Ethanol 10.8±0.5 Sparingly soluble 
3 Phosphate Buffer pH 6.8 2.5±0.2 Slightly soluble 
4 DMSO 18.4±0.9 sparingly soluble 

Value are expressed in mean±standard deviation (SD) (n=3) 

 

DSC analysis 

Thermal characteristics of Tapinarof, along with its excipients, were 
evaluated through Differential Scanning Calorimetry (DSC) analysis. 
The pure drug showed an endothermic peak at −205.48 °C, which 
indicated its crystalline structure through its melting point (fig. 3). 

Analysis of the physical mixture through DSC revealed a peak shift 
along with peak broadening to −207.26 °C, which indicated the drug 
might disperse to some extent within the excipient network. The 
results demonstrate chemical stability since no new peaks indicate 
that Tapinarof does not show any adverse reactions with 
formulation ingredients. 

 

 

Fig. 3: DSC spectra of (A) Pure tapinarof (-205.48 °C) (B) Physical mixture (-207.26 °C) 

 

Fourier transform infrared spectroscopy 

FTIR spectroscopy with Fourier Transform technology was employed 
to assess interactions that might form between Tapinarof and its 
formulation components. The pure tapinarof spectrum displayed 
characteristic peaks at 3367.98 cm-1 as well as at 2924.90 cm-1 and 
2854.38 cm-1 and 1732.42 cm-1, indicating O-H stretching along with 
C-H stretching and C=O stretching and C=C stretching at 1618.11 cm-1 
and 1512.48 cm-1 (fig. 4, table 5). FTIR analysis of the physical 
mixtures verified that major peaks at 3367.11, 2922.77, 2852.41 and 
1731.94 cm⁻¹ completely matched their positions in the pure 
Tapinarof spectrum. Tapinarof shows preservation of main functional 
peak groups within the spectra and lacks novel spectral bands to 
confirm a compatible formulation with all included excipients. 

Evaluations of Tapinarof-loaded menthosomes 

The physical characteristics of Tapinarof-loaded menthosomal 
products depended on lipid proportions according to data in 
table 6. Menthol content increased while cholesterol decreased 
as formulations exhibited vesicles which sizes ranged between 
198.3±10.5 nm and 298.7±13.1 nm. The Zeta potential 
measurement showed stable negative values reaching between –
23.9 mV and –32.6 mV. Fomulations that included higher 
amounts of phospholipid and menthol demonstrated higher 
entrapment efficiency values between 63.7±2.8% to 92.7±1.8%. 
PF6 demonstrated superior characteristics among the other 
vesicles and therefore became the selection for additional gel 
development. 

 

(A)

(B)
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Fig. 4: FTIR spectra of (A) Pure Tapinarof and (B) Physical mixture of tapinarof with excipients 

 

Table 5: Comparative FTIR analysis of pure tapinarof and its physical mixture with excipients 

Functional group Standard wavelength (cm⁻¹) Observed in pure drug (cm⁻¹) Observed in physical mixture 
(cm⁻¹) 

O–H stretching (phenolic) 3200–3600 3367.98 3367.11 
C–H stretching (aliphatic) 2850–2950 2924.90, 2854.38 2922.77, 2852.41 
C=O stretching (carboxylic acid) 1700–1750 1732.42 1731.94 
C=C stretching (aromatic) 1500–1600 1618.11, 1512.48 1617.45, 1511.92 
C–O stretching (ether/phenol) 1000–1300 1261.38, 1172.49, 1033.63 1254.93, 1144.24, 1031.46 

 

Table 6: Physicochemical characteristics of tapinarof-loaded menthosomal formulations: influence of lipid composition on vesicular properties 

Batch Vesicle size (nm) PDI Zeta potential (mV) Entrapment efficiency (%) 
PF1 215.6±11.2 0.267±0.021 -26.3±1.2 65.8± 2.4 
PF2 283.5±9.8 0.234±0.018 -28.7±1.5 79.3± 1.9 
PF3 225.2±12.5 0.273±0.024 -23.9±1.7 63.7± 2.8 
PF4 298.7±13.1 0.245±0.019 -27.5±1.4 72.8± 2.1 
PF5 198.3±10.5 0.219±0.015 -30.2±1.8 76.4± 2.5 
PF6 267.9±11.7 0.198±0.013 -32.6±1.6 92.7± 1.8 
PF7 206.8±9.3 0.225±0.017 -29.4±1.3 70.2± 2.2 
PF8 279.4±12.8 0.212±0.016 -31.8±1.9 81.5± 2.0 

Value are expressed as mean±standard deviation (n=3) 

 

Tapinarof-loaded menthosomal formulations released drugs 
through in vitro experiments for twelve hours and resulted in 
84.9±3.6% to 97.1±4.0% drug release (table 7, fig. 5). The drug 
release quantities increased as menthol and phospholipid content 
levels rose in the formulations PF5 through PF7 because of better 

membrane fluidity and increased diffusion capability. Drug release 
measurements showed that higher cholesterol percentages 
diminished delivery because increased bilayer rigidity acted as a 
release barrier. Drugs release data verified that lipid structure 
directly influences pharmaceutical delivery kinetics. 
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Table 7: In vitro drug release profile of tapinarof-loaded menthosomal formulations: cumulative percentage released over time 

Time (h) PF1 PF2 PF3 PF4 PF5 PF6 PF7 PF8 
0 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
1 10.3±1.2 7.2±0.9 11.6±1.5 8.4±1.1 12.7±1.4 9.8±1.0 13.5±1.3 10.6±1.2 
2 19.7±1.8 15.5±1.6 22.1±2.0 17.3±1.7 24.5±2.1 20.2±1.9 25.8±2.2 21.7±1.8 
4 37.8±2.5 30.2±2.3 39.5±2.7 32.6±2.4 45.7±2.8 38.4±2.6 47.2±2.9 39.8±2.5 
6 56.9±2.8 45.6±2.5 58.4±3.0 47.9±2.7 69.8±3.2 59.2±2.9 72.6±3.3 61.5±3.1 
8 73.5±3.1 60.8±2.8 75.2±3.3 62.4±2.9 86.3±3.5 77.9±3.2 89.5±3.6 79.8±3.4 
10 81.2±3.4 71.3±3.0 82.7±3.5 72.8±3.2 92.4±3.7 85.6±3.5 94.7±3.8 88.7±3.6 
12 84.9±3.6 77.5±3.3 85.8±3.7 78.3±3.4 95.2±3.9 89.7±3.7 97.1±4.0 92.3±3.8 

Value are expressed as mean±standard deviation (n=3) 
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Fig. 5: In vitro drug release profile of tapinarof-loaded menthosomal formulations: cumulative percentage released over time 

 

Optimization of results 

Statistical optimization of tapinarof-loaded menthosomal 
formulations 

Vesicle size 

ANOVA results for vesicle size indicated statistical significance of the 
linear model with a p-value at 0.0165, which proves the selected 
formulation variables are essential for altering vesicle size. The 
research established phosphatidylinositol (A) as the factor with the 
strongest impact (p = 0.0075) followed by menthol (C) (p = 0.0493) 
with cholesterol (B) showing a minor impact (p = 0.0872). Model 
performance was found satisfactory through an adjusted R² value at 
0.6184 while the lack-of-fit test showed statistical insignificance (p = 
0.8331). Vesicles became larger with increasing concentrations of 
phospholipid and cholesterol yet became smaller when menthol 
amounts were elevated because of enhanced membrane fluidization 
and sonication efficiency. These variables affect vesicle formation 
thus validating bilayer-forming agents as well as penetration 
enhancers in the development of nanosystems. The obtained 
regression equation through ANOVA analysis appears as shown 
below:  

Vesicle Size (Y₂) = 238.925+30.2 *A+13.6 *B+-16.825 *C 

Zeta potential 

The linear model prediction of zeta potential demonstrated 
outstanding results through its highly significant ANOVA outcome 
with p = 0.0006 and a strong R² value of 0.9279. A significant effect 
was detected in zeta potential due to all test variables (p = 0.0003 
for menthol C followed by p = 0.0017 for phosphatidylinositol A, 
then p = 0.0226 for cholesterol B). All formulation zeta potential 

values remained negative, which signifies good colloidal stability 
and stronger electrostatic repulsion occurs when zeta potential 
values become increasingly more negative. The addition of elevated 
menthol concentrations led to bigger zeta potential measurements 
because the surface charge density shifted and the lipid organization 
became less dense. The ANOVA model regression equation has been 
derived as illustrated below. 

Zeta Potential (Y) =-28.8+-1.35 *A+0.65 *B+-2.2 *C 

Entrapment efficiency 

The two-factor interaction (2FI) model served as the best fit for 
entrapping efficiency results after demonstrating highly significant 
ANOVA findings (p = 0.0160) while achieving an exceptional 
adjusted R² value of 0.9953. An analysis revealed 
phosphatidylinositol (A) delivered the strongest positive influence 
(p = 0.0076) among the control variables and both cholesterol (B) 
presented negative results (p = 0.0147) and menthol (C) possessed 
positive impacts (p = 0.0097). AB and BC interaction terms reached 
significant levels with p values of 0.0406 and 0.0433, which 
demonstrated that drug loading greatly depends on phospholipid-
cholesterol and cholesterol-menthol combination effects. The drug 
entrapment increased when using vesicles with high phospholipid 
concentrations because these vesicles created larger bilayer 
volumes, yet drug entrapment reduced as cholesterol levels rose due 
to decreased membrane flexibility and diminished space availability. 
When menthol reached its perfect concentration level, it enhanced 
the solution process inside the vesicles. The ANOVA-derived 
regression equation appears as displayed below:  

Entrapment Efficiency (Y₁) = 75.3+6.275 *A+-3.25 *B+4.9 *C+-1.175 
*AB+0.625 *AC+-1.1 *BC 
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Table 8: Model summary statistics for responses of tapinarof-loaded menthosomal formulations 

Response Source Sequential p-value Lack of Fit p-value Adjusted R² Suggestion 
Vesicle Size Linear 0.0165 0.8331 0.6184 Suggested 

2FI 0.5050 0.8887 -0.0175 - 
Quadratic - - - Aliased 

Zeta Potential Linear 0.0006 0.9685 0.9279 Suggested 
2FI 0.5140 0.9782 0.8004 - 
Quadratic - - - Aliased 

Entrapment Efficiency Linear 0.0028 0.9321 0.8447 - 
2FI 0.0552 0.9995 0.9953 Suggested 
Quadratic - - - Aliased 

 

 

Fig. 6: Three-dimensional Response Surface and Corresponding Contour Plots Illustrating the Effects of Formulation Variables on Critical 
Quality Attributes of Tapinarof-loaded Menthosomes. (A) 2D Contour plot and (B) 3D Response surface plot showing the influence of 
phosphatidylinositol and menthol concentrations on vesicle size; (C) 2D Contour plot and (D) 3D Response surface plot depicting the 
impact of phosphatidylinositol and menthol concentrations on zeta potential; (E) 2D Contour plot and (F) 3D Response surface plot 

demonstrating the interactive effects of formulation variables on entrapment efficiency 

 

(A) (B)

(C) (D)

(E) (F)
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Table 9: Analysis of variance (ANOVA) for selected models of critical quality attributes 

Source Sum of squares df Mean square F-value p-value Significance 
Vesicle size 
Model 11040.64 3 3680.21 12.64 0.0165 Significant 
A-phosphatidylinositol 7296.32 1 7296.32 25.07 0.0075  
B-Cholesterol 1479.68 1 1479.68 5.08 0.0872  
C-Menthol 2264.65 1 2264.65 7.78 0.0493  
Residual 1164.35 4 291.09    
Cor Total 12204.99 7     
Zeta potential 
Model 56.68 3 18.89 72.67 0.0006 Significant 
A-phosphatidylinositol 14.58 1 14.58 56.08 0.0017  
B-Cholesterol 3.38 1 3.38 13.00 0.0226  
C-Menthol 38.72 1 38.72 148.92 0.0003  
Residual 1.04 4 0.26    
Cor Total 57.72 7     
Entrapment efficiency 
Model 615.44 6 102.57 2279.39 0.0160 Significant 
A-phosphatidylinositol 315.00 1 315.00 7000.11 0.0076  
B-Cholesterol 84.50 1 84.50 1877.78 0.0147  
C-Menthol 192.08 1 192.08 4268.44 0.0097  
AB 11.05 1 11.05 245.44 0.0406  
AC 3.13 1 3.13 69.44 0.0760  
BC 9.68 1 9.68 215.11 0.0433  
Residual 0.045 1 0.045    
Cor Total 615.48 7     

 

Table 10: Comparison of predicted and experimental values for the optimized formulation (PF6) 

Formulation Factor levels Responses (Predicted) Responses (Experimental) Desirability 

PF6 Phosphatidylinositol 
(mg) 

Cholesterol 
(mg) 

Menthol 
(mg) 

Vesicle 
Size 
(nm) 

Zeta 
Potential 
(mV) 

Entrapment 
Efficiency 
(%) 

Vesicle 
Size 
(nm) 

Zeta 
Potential 
(mV) 

Entrapment 
Efficiency 
(%) 

 

200 10 100 229.75 -32.6 90.23 214.9 -32.6 92.7 0.827 

 

Evaluation of menthosomal gel 

The properties of Tapinarof-loaded menthosomal gels changed 
according to the level of gelling agent present in the formulations 
(table 11). All gels maintained clear appearance together with 
desirable skin-friendly pH values ranging from 6.69 to 6.82. The 

formulation viscosity rose as Carbopol ingredient level increased yet 
its spreadability decreased. The measured drug substances within 
each gel tested maintained consistent high values (97.2–98.4%). 
Topical use required MG2 containing 1.0% Carbopol since its 
optimal viscosity and spreadability together with uniformity, met 
the requirement. 

 

Table 11: Physicochemical characteristics of tapinarof-loaded menthosomal gel formulations: impact of gelling agent concentration on 
formulation performance 

Parameter MG1 MG2 MG3 
Appearance Translucent, homogeneous Translucent, homogeneous Transparent, homogeneous 
pH 6.82±0.14 6.75±0.12 6.69±0.15 
Spreadability (g·cm/sec) 18.6±1.2 15.4±0.9 12.1±0.8 
Viscosity at 5 rpm (cP) 9,850±425 15,680±512 23,450±610 
Drug content (%) 98.4±1.8 97.9±1.5 97.2±1.7 

Value are expressed as mean±standard deviation (n=3) 
 

The in vitro permeation test showed that Tapinarof-loaded 
menthosomal gels penetrated goat skin effectively during a 12 h 
period to different extents, ranging from 72.1±2.7% (MG3) to 
93.2±3.3% (MG1) (table 12, fig. 7). Tapinarof permeation increased in 
gels with lower Carbopol content because the decreased viscosity 

created better drug transport conditions. The permeation 
performance of MG1 using 0.5% Carbopol reached maximum levels 
yet drug movement reduced as the gelling agent quantity increased in 
MG3. The experimental findings verify that gel thickness substantially 
influences drug diffusive performance through skin membranes.

 

Table 12: Ex vivo permeation profile of tapinarof-loaded menthosomal gel formulations: cumulative percentage permeated through goat skin 

Time (h) MG1 MG2 MG3 
0 0.00±0.00 0.00±0.00 0.00±0.00 
1 8.2±0.6 7.4±0.5 6.5±0.4 
2 18.6±1.2 16.3±1.0 13.7±0.9 
4 36.9±1.8 32.8±1.5 27.6±1.3 
6 54.3±2.3 49.5±2.0 40.7±1.8 
8 71.5±2.7 65.4±2.4 53.2±2.1 
10 85.3±3.1 78.6±2.8 63.9±2.5 
12 93.2±3.3 86.4±3.0 72.1±2.7 

Value are expressed as mean±standard deviation (n=3) 
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Fig. 7: Ex vivo permeation profile of tapinarof-loaded menthosomal gel formulations: cumulative percentage permeated through goat 
skin 

 

A study of Tapinarof-loaded menthosomal gels showed that their 
diffusion rates depended on the gel viscosity according to table 13. 
The steady-state flux reached 56.84±2.13 μg/cm²/h while the 
permeability coefficient stood at 11.37×10⁻³ cm/h when using MG1 
because it contained the lowest Carbopol content. An increase in 

Carbopol concentration produced decreased flux along with 
permeability because it restricted drug movement through the gel 
matrix. The findings demonstrate why gelling agent selection 
requires an optimal dose which achieves both formulation stability 
and effective drug delivery through the skin. 

 

Table 13: Permeation parameters of tapinarof-loaded menthosomal gel formulations: comparative analysis of flux and permeation kinetics 

Batch Steady-state flux (Jss) (μg/cm²/h) Permeability coefficient (Kp) (×10⁻³ cm/h) 
MG1 56.84±2.13 11.37±0.42 
MG2 52.15±1.98 10.43±0.39 
MG3 41.68±1.65 8.34±0.33 

Value are expressed as mean±standard deviation (n=3) 

 

Results from the comprehensive stability analysis of Tapinarof-loaded 
menthosomal gel (MG2) showed acceptable variations in formulation 
characteristics during a 6-month storage period under both long-term 
(25 °C/60% relative humidity (RH)) and accelerated (40 °C/75% 
relative humidity (RH)) conditions (table 14). Under long-term storage 
conditions, the gel maintained excellent physical stability with minimal 
changes in pH (6.75 to 6.69), viscosity (15,680±512 to 15,542±534 cP), 
and drug content (97.9% to 96.8%). Under accelerated conditions, 

slightly greater changes were observed with pH declining from 6.75 to 
6.61, viscosity decreasing to 15,089±587 cP, and drug content reducing 
to 95.1±2.2%. The drug release examination at 8 h demonstrated 
minimal variation under both conditions, with long-term storage 
showing 73.8±3.3% release and accelerated conditions showing 
72.1±3.8% release after 6 mo. These findings demonstrate that the 
formulation possesses adequate storage stability and meets ICH 
guidelines for both shelf-life prediction and accelerated aging studies. 

 

Table 14: Stability study of optimized tapinarof-loaded menthosomal gel (MG2) for 6 mo under long-term and accelerated storage 
conditions 

Parameter Initial (0 mo) Long-term storage (25 °C/60% RH) Accelerated storage (40 °C/75% RH) 
3 mo 6 mo 6 mo 3 mo 6 mo 6 mo 

Physical appearance Translucent, 
homogeneous 

Translucent, 
homogeneous 

Translucent, 
homogeneous 

Translucent, 
homogeneous 

Slightly less 
translucent 

Slightly less 
translucent 

 

pH 6.75±0.12 6.73±0.11 6.71±0.13 6.69±0.14 6.68±0.15 6.61±0.18  
Viscosity at 5 rpm (cP) 15,680±512 15,625±498 15,580±521 15,542±534 15,305±526 15,089±587  
Drug content (%) 97.9±1.5 97.7±1.4 97.3±1.6 96.8±1.7 96.8±1.8 95.1±2.2  
In vitro drug release at 8 
h (%) 

74.6±2.8 74.4±2.9 74.1±3.1 73.8±3.3 73.5±3.2 72.1±3.8  

Value are expressed as mean±standard deviation (n=3) 

 

DISCUSSION 

The investigation concentrated on the optimization process for 
developing a Tapinarof-loaded menthosomal gel to improve topical 
plaque psoriasis therapy. This work aimed to solve problems 
regarding the limited water dissolution capability and poor skin 
penetration of Tapinarof by creating lipid-based nanocarriers inside 
hydrogel structures. Physicochemical characterization studies (table 

6) demonstrated that vesicle properties were significantly 
influenced by the phosphatidylinositol: cholesterol: menthol ratioin 
the lipids. Phosphatidylinositol and menthol concentrations at 
higher levels led to reduced vesicle sizes and better drug 
entrapment efficiency in the formulations. Phosphatidylinositol 
forms a bilayer with adaptable flexibility that enhances drug 
encapsulation while the addition of menthol makes membranes 
more fluid and allows drug incorporation and vesicle sizing to 
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decrease. Enhanced drug loading efficiency and vesicle stability 
were achieved compared to conventional nanovesicular systems 
through the combination of menthol and phospholipids [38]. 

A 2³ factorial design statistical model revealed that phospholipid 
concentrations and menthol amounts independently influenced all 
three measured responses, including vesicle size and zeta potential 
as well as entrapment efficiency (table 9). The optimized 
formulation (PF6) showed the most desirable characteristics after 
combining high phospholipid and menthol concentrations with low 
cholesterol amounts, leading to vesicles of 267.9±11.7 nm with a 
zeta potential of –32.6±1.6 mV and an entrapment efficiency of 
92.7±1.8%. Each formulation combination presented with negative 
zeta potential values which indicates excellent colloidal stability 
caused by electrostatic repulsion between vesicles. The research 
findings agree with previous studies on vesicular systems, which 
showed that higher surface charge values lead to better suspension 
stability and extended shelf life [39]. 

The in vitro release study demonstrated that menthosomal 
formulations released drug substances effectively for more than 12 h 
and PF6 and PF7 showed drug release exceeding 95% (table 7 and fig. 
5). The lipid bilayer matrix together with the stabilizing effects of 
menthol, produces an extended release effect because Tapinarof 
substances diffuse through the bilayer in an orderly manner. Extended 
drug release profiles represent an essential requirement for psoriasis 
treatments that seeks to lower dosing requirements which enhances 
patient usage compliance. Previous research showed that poorly 
soluble anti-inflammatory drug release could be extended by using 
nanocarrier systems which aligns with these findings [40]. 

The combination of FTIR and DSC analyses provided evidence 
regarding the drug-excipient interaction stability through fig. 3, fig. 4 
and table 5 which established the chemical and physical structure 
preservation of Tapinarof within the formulation matrix. Freely 
available functional peaks together with peak melting points in the 
physical drug mixture show that drug molecules remained 
physically entrapped without chemical changes. Results of this 
research correspond to previous nanostructured lipid carrier 
studies which utilized FTIR and DSC to confirm drug stability and 
formulation viability [41]. 

The innovative change of the optimized menthosomal suspension 
into a gel matrix using Carbopol 940 concentrations from 1.0% to 
1.5% produced formulations with promising appearance along with 
spreadability and pH results (table 11). The selected candidate for 
further application proved to be MG2 (1.0% Carbopol) because it 
achieved a desirable combination of viscosity and spreadability. The 
percutaneous penetration analysis of goat skin dermis revealed MG1 
and MG2 advanced Tapinarof skin delivery by increasing permeation 
across the skin barrier while MG1 showed superior skin permeation 
because of its low viscosity (table 12, fig. 7). Drug diffusion through 
skin happens more efficiently when gels exhibit decreased viscosity 
since it results in improved therapeutic drug concentrations at the 
action site [42]. 

The steady-state flux together with permeability coefficient showed an 
inverse relationship with increasing Carbopol concentration according 
to kinetic permeation analysis (table 13). The drug transport 
optimization through gel matrices depends on their density because 
MG1 presented the highest flux value at 56.84±2.13 µg/cm²/h and MG3 
demonstrated the lowest flux among all formulations. Research evidence 
demonstrates the essential requirement for gels to have an optimal 
structure which enables drug diffusion alongside preventing structural 
damage and improving user experience. Laboratory tests in table 14 
demonstrated that the optimal formulation (MG2) presented minimal 
variation in all parameters including pH and viscosity together with drug 
content and in vitro release throughout a 90-day storage period under 
ICH-accelerated conditions. Topical gel formulations consisting of lipids 
exhibit stability during prolonged storage periods when properly 
designed according to previous research [43]. 

CONCLUSION 

The present research team developed a Tapinarof-loaded 
menthosomal gel which successfully achieved enhanced 
physicochemical features alongside better drug entrapment and 

sustained drug release characteristics for topical treatment delivery. 
The optimized formulation (MG2) showed clearly superior stability 
characteristics with skin-friendly acidity level and appropriate 
viscosity that led to enhanced ex vivo permeation potential, making 
it a suitable patient-friendly method for plaque psoriasis 
management. The combination of phospholipids and menthol 
through the menthosomal system created a form which solved the 
limitations found in traditional formulations by improving drug 
absorption and releasing properties and drug retention levels. The 
clinical advantages consist of decreased treatment frequency and 
enhanced therapeutic results and reduced systemic drug impact that 
would boost patient treatment consistency. Before the formulation 
advances to clinical investigations, future studies should perform in 
vivo pharmacodynamic assessments in combination with skin 
irritation evaluations. 
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ANOVA: Analysis of Variance; FTIR: Fourier-transform infrared 
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Index; DMSO: Dimethyl sulfoxide; phosphate-buffered saline (PBS): 
Phosphate-buffered saline; rpm: Revolutions per minute; cP: 
Centipoise; Jss: Steady-state flux; Kp: Permeability coefficient; ER: 
Enhancement ratio; ICH: International Council for Harmonisation; SD: 
Standard deviation; Fig: Figure; RH: Relative humidity; HPLC: High-
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