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Abstract: Background: Application of drugs through the transdermal route is preferable over other routes of drug 

delivery because of the ease of drug administration and reduced systemic side effects. Mirtazapine is a BCS class II 

noradrenergic and specific serotonergic drug and shows poor solubility and bioavailability.  Objective: This study aims 

to develop and optimize a mirtazapine-loaded lipid-based transethosomal gel to enhance transdermal drug delivery and 

bypass first-pass metabolism. The current study is an attempt to minimize the systemic side effects associated with oral 

administration of mirtazapine and to avoid first pass metabolism by administering the drug through the skin. Methods: 
Transethosomes were formulated using the cold method and optimized via Box–Behnken design by varying 

phospholipid, surfactant, and ethanol concentrations. Results: The optimized formulation (F-16) exhibited high 

entrapment efficiency (75.92%) and cumulative drug permeation (73.62%) after 6 hours. Multiple characterization tests 

confirmed nano-sized, stable vesicles with a zeta potential of −34.1 mV and particle size of 479.3 nm. The 

transethosomal dispersion was incorporated into a Carbopol gel and evaluated for pH, viscosity, spreadability, drug 
content, and skin permeation. Ex-vivo studies showed enhanced skin permeation from the gel compared to the dispersion. 

Stability tests confirmed physical integrity over 60 days, while skin irritation and toxicological studies in animal models 

indicated excellent biocompatibility, with no signs of inflammation or organ toxicity. Conclusion: These findings and 

the study suggests that the transethosomal gel formulation is a promising and safe approach for transdermal delivery of 

mirtazapine, potentially improving its bioavailability and therapeutic effectiveness resulting in bypassing first pass 

metabolism. 
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INTRODUCTION 

 
The oral route remains the most frequently employed 

method for drug administration due to its convenience and 

ease of use (Kaminsky et al., 2015). However, a 

significant limitation of oral delivery, particularly for 

drugs with poor aqueous solubility or high first-pass 

metabolism, is reduced bioavailability and erratic plasma 
concentration profiles (Ho, Jacob and Tangiisuran, 2017; 

Solmi et al., 2020). These pharmacokinetic disadvantages 

may compromise therapeutic outcomes and patient 

adherence (Murata et al., 2012).  In contrast, the 

transdermal route bypasses hepatic metabolism, offers 
sustained drug release and improves pharmacokinetic 

predictability (Puri et al., 2017). The stratum corneum 

layer is the major barrier that interferes with effective 

transdermal drug delivery. One technique to overcome 

this barrier includes the use of liposomes, mainly 

composed of phospholipid, for the transdermal delivery of 
drugs (Sudhakar et al., 2021). However, the liposome's 

rigid structure prevented it from penetrating deeper into 

the skin, causing it to stay limited to the skin's outer layers 

(Franzé et al., 2017). The problems associated with the 

rigid structure and hard membrane characteristic of 

liposomes were resolved with the development of 

deformable liposomes, called transferosomes (Opatha et 

al, 2020) by Cevc and Blume. After transferosomes, 

ethosomes were created (Touitou et al., 2000) in which 

ethanol fluidizes the lipid membrane of the stratum 

corneum and interacts with the lipid layer of the vesicles 

thus making them more flexible.(Paiva-Santos et al., 

2021) 
 

Transethosomes, a more recent advancement, are hybrid 

vesicular carriers that incorporate both ethanol and edge 

activators, thereby exhibiting the advantages of 

ethosomes and transferosomes concurrently. These 

vesicles exhibit enhanced elasticity, stability, and 
penetration depth across the stratum corneum, making 

them suitable for delivering lipophilic and hydrophilic 

agents (Song et al., 2012; Akl, Eldeen and Kassem, 

2024). Mirtazapine is a tetracyclic antidepressant 

primarily used in the treatment of moderate to severe 
major depressive disorder. It is classified as a 

Biopharmaceutics Classification System (BCS) Class II 

compound, possessing high permeability but low 
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solubility. Its physicochemical characteristics include a 

partition coefficient (log P) of 2.9, a melting point of 114–
116 °C, and a molecular weight of 265.4 g/mol. Despite 

favorable pharmacodynamics, mirtazapine demonstrates 

approximately 50% oral bioavailability, attributed to 

extensive hepatic first-pass metabolism and bitter 

organoleptic properties, which collectively present 

formulation challenges for oral administration (Kaur et 

al., 2020). 
 

In recent years, nano-vesicular drug delivery systems 

have been increasingly studied for central nervous system 

(CNS) medications, owing to their ability to enhance 
transdermal absorption and avoid hepatic first-pass 

metabolism (Teleanu et al., 2019). Lipid-based carriers 

such as niosomes, transferosomes, and ethosomal gels 

(Yadav et al., 2023) have been shown to improve dermal 

permeation and provide controlled drug release profiles 

for psychotropic compounds (Pires et al., 2023)  Despite 
this, no transethosomal formulation of mirtazapine has 

been reported in the current scientific literature. Given 

mirtazapine’s unfavorable oral pharmacokinetics and its 

physicochemical suitability for dermal absorption, it 

represents a promising candidate for transdermal delivery. 
This study was therefore undertaken to develop and 

optimize a mirtazapine-loaded transethosomal gel using 

Box–Behnken Design. The optimized formulation was 

subsequently evaluated for its physicochemical 

characteristics, in vitro and ex vivo performance, and 

toxicological safety in accordance with standard 
analytical and histopathological protocols. 
 

MATERIALS AND METHODS 
 

Materials  

Mirtazapine was obtained as a gift sample from a local 

pharmaceutical industry in Pakistan. Span 80, soya 
lecithin, ethanol, propylene glycol, Carbopol 940, methyl 

paraben, and propyl paraben were purchased from Sigma 

Aldrich, USA. All used chemicals and solvents were of 

analytical grade. 

 

Formulation of mirtazapine transethosomes dispersion  

Transethosomes were prepared by the cold method in 

which an organic and aqueous phase were separately 

prepared (Rai, Pandey and Rai, 2017). Organic phase was 

prepared by mixing soya lecithin and span 80 on a 

magnetic stirrer (VLEP, CHINA) at a speed of 1200 rpm. 

30 mg of drug was dissolved in the required amount of 
ethanol. The resulting solution was vortexed on a vortex 

machine (MV-100) and sonicated on a sonicator 

(YR01256) and then added dropwise to the organic phase 

and stirred for 30 minutes on the magnetic stirrer. 

Aqueous phase was made by adding propylene glycol to 
the required quantity of water for volume makeup. The 

aqueous phase is then added dropwise to the organic 

phase. The resulting mixture was stirred for 30 minutes at 

700 rpm. The final solution was then homogenized by a 

high shear homogenizer (HMG-500C) for 15 minutes 

with an interval of 5 minutes, followed by sonication. The 
prepared transethosomal dispersion was then stored for 

further characterization tests. The schematic 

representation of the methodology is shown in fig.1.  

 

Box–Behnken Design was applied to optimize the 

formulation, using soya lecithin (X1), span 80 (X2), and 
ethanol (X3) as independent variables, while entrapment 

efficiency (Y1) and cumulative drug permeation at 6 

hours (Y2) were set as response variables, as summarized 

in Table 1. In box-Behnken design, the minimum and 

maximum level refer to the coded levels of the 

independent variables. 
 

Systematic optimization using Box - Behnken design  

Different factors such as the amount of lipid (soya 

lecithin), concentration of surfactant (Span 80) and the 

percentage of ethanol were identified as the formulation 

parameters which could affect the properties of the 
transethosomes for the effective transdermal delivery 

(Qureshi et al., 2023). Based on these findings, 

restrictions were established on each factor regarding how 

much they might influence the characteristics of the 

formulation. The Response Surface Methodology was 
employed by using Design Expert ver. 12 software.  

 

The design consisted of the 15 experimental trials (Table 

2) with the computer-generated quadratic model as 

follows: 
 

Y = b0 + b1 X1 + b2 X2 + b3 X3 + b12 X1 X2 + b13 X1 X3 + b23 

X2 X3 + b11 X1
2+ b22 X2

2+ b33 X3
2 

 

Y is the measured response related to each factor level; b0 

is a constant; b1, b2, b3 are the linear coefficients; b12, b13, 
b23 are coefficients of interactions among three factors; 

b11, b22, b33 are the quadratic coefficients of observed 

experimental values and X1, X2 and X3 are the mentioned 

levels of independent variables. Selected independent 

variables were soya lecithin (X1), Span 80 (X2) and 

ethanol (X3) and the dependent variables were entrapment 
efficiency (Y1) and cumulative amount of drug 

permeation (Y2). The experimental trials designed by Box 

Behnken Design were formulated by the previously 

described method and all the prepared formulations were 

evaluated for the entrapment efficiency and amount of 

drug release at Q6h.  
 

Drug entrapment efficiency (%EE) 

Cold centrifugation method was used in which 0.2 ml 

transethosomal dispersion was placed in the centrifuge 

machine (CE-5A) and the column was cool centrifuged at 
20,000 rpm for 30 minutes at 4 ± 0.5°C. Supernatant was 

collected, dissolved in methanol and sonicated for 12 

minutes which was then examined by using a UV-VIS 

Spectrophotometer (Halo DB-20) at λmax of 222nm. 

Equation 1 was used to estimate the percentage drug 
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entrapment efficiency (%EE) (Acharya, Ahmed and Rao, 

2016): 
% EE = amount of entrapped drug / total amount of drug 

× 100 (equation 1) 
 

Amount of drug permeation after 6 hours/360min (Q 

6h)  

A phosphate buffer solution  of 7.4 pH was used and 

maintained at 37 ± 0.2°C in a Franz diffusion cell (FDC) 

(LEDC-03) having a surface area of 3.14 cm2  and a 

capacity of 10ml. Rabbit was sacrificed and its skin had 

been preserved overnight in PBS (pH 7.4) at 4  ºC . The 

skin was attached at the base of the donor compartment 
and 1 ml of the prepared transethosomes formulation was 

put over the skin (Moolakkadath et al., 2018). The sample 

(1 ml) was removed at predefined intervals of 60, 120, 

180, 240, 300 and 360 minutes (1, 2, 3, 4, 5 and 6 hours) 

and sink conditions were maintained.  Samples were then 

filtered by using a 0.20-μm membrane filter and examined 
at a λmax of 222nm on a UV-VIS spectrophotometer (Fang 

et al., 2006).  
 

Selection of the optimized formulation of 

transethosomes dispersion 

The criteria for selecting the optimized formulation were 

based on the highest entrapment efficiency (EE%, Y1) 
and cumulative drug release at 6 hours (Q6h, Y2). 

Statistical analysis of the 15 experimental formulations 

was conducted using Design Expert® software, 

employing a two-factor, three-level Box-Behnken design. 

Analysis of variance (ANOVA) confirmed the 
significance of the model (p < 0.05), and the polynomial 

equations generated for each response predicted how 

formulation variables influenced Y1 and Y2. Although F-

8 showed the highest EE% (86.5%) and F-13 had the 

highest Q6h (86.7%), no single formulation 

simultaneously maximized both responses. Therefore, a 
desirability function approach was applied, which 

mathematically combines multiple response criteria. 

Based on this composite desirability score (0.981), 

formulation F-16 was selected as the optimized batch, as 

it achieved a balanced compromise between high EE% 

and optimal drug release.  
 

The desirability function approach was used based on the 
results of the studied variables to select the optimized 

formulation (Moolakkadath et al., 2018). After numerical 

optimization by using Design Expert software, the best 

selected solution with the highest desirability (0.981)) was 

chosen as the optimized formulation of transethosomes 

dispersion (F-16). Table 3 presents the composition of the 
optimized transethosomal formulation (F-16), along with 

the (EE%) and (Q6h) for both the predicted and 

experimentally prepared formulations. 
 

The optimized formulation (F-16) exhibited an EE% of 

75.92% and a Q6h value of 73.62%, which are in close 

agreement with the predicted values of 77.13% and 

74.62%, respectively, as obtained from the Design 

Expert® software. 
 

Characterization of the optimized transethosomes 

dispersion (F-16) 

Following characterization tests are performed on the 

optimized transethosomes dispersion: 
 

UV-spectrophotometric method for quantification of 

mirtazapine 

Preparation of stock solution 

100 mg of mirtazapine is dissolved in 10 ml of ethanol 
followed by the sonication for 10 minutes. Distilled water 

is used for the volume makeup to obtain the 100 µg/ml 

concentration and the final solution is then filtered.  
 

Preparation of standard solutions 

To get a 10-50 µg/ml concentration, aliquots from the 

stock solution were taken and diluted with water and 

analyzed on UV-VIS spectrophotometer at the 

wavelength of 222nm. Calibration curve was obtained by 

plotting the concentration of the standard solution on the 
horizontal x-axis and absorbance on the y-axis (Bendale 

et al., 2011). 

 

Zeta potential, polydispersity index (PDI) and particle 

size determination  

Transethosomes vary in size from tens of nanometers to 
microns, which is dependent upon the formulation 

excipients. Zeta potential is a valuable and important 

measure of particle surface charge that can be used to 

anticipate and control stability. The size of the particles 

was determined by using a Malvern Zetasizer (Malvern 

Instruments Ltd., Worcestershire, UK). Polydispersity is 
the ratio of a droplet's standard deviation to its mean size. 

The higher the polydispersity value, the less 

homogeneous the droplet size in the formulation. The 

size, zeta potential and PDI of the particles were 

determined by using a Zetasizer. Optimized formulation 

was diluted with distilled water and placed in a cuvette 
(Gunasekara et al., 2015).  

 

Scanning electron microscopy (SEM) 

SEM is used as a primary technique to investigate the 

three-dimensional structure of the formulation. The 
prepared sample was put on the grid with a working 

distance (WD) of 8.5 mm and a width of 19.05 µm. The 

material was then tested at various magnifications. 

 

Drug excipients compatibility study  

Fourier Transform Infrared Spectroscopy (FTIR) is 
commonly used to assess the compatibility of active 

pharmaceutical ingredients (APIs) with excipients by 

identifying functional groups and monitoring potential 

physical or chemical interactions. Changes in peak 

intensity, the appearance of new peaks, or shifting of 

characteristic absorption bands may suggest possible 
interactions between the drug and excipients (Bharate, 
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Bharate and Bajaj, 2010). In this study, FTIR spectra were 

recorded using an FTIR-7600 (Lambda Scientific, 
Australia) over a wavenumber range of 600 to 4000 cm⁻¹. 

The analysis was conducted using PC-based software for 

spectral processing and interpretation. While FTIR is a 

valuable tool for evaluating functional group behavior, it 

does not confirm drug entrapment within vesicles. 
 

X-ray diffraction (XRD) 

This method is used for determining the crystalline nature 

and phase composition. X-ray diffraction of pure drug and 

the optimized transethosomal formulation was conducted 

by using Xray diffractometer.  After being scanned at a 
speed of 3°/min, the samples were tested between 5° and 

80° (2θ). 
 

Differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA) 

DSC and TGA were performed to determine the thermal 

stability of the formulation (Demetzos, 2008). The pure 

drug and optimized transethosomal formulation were 

thermally analyzed using a DSC and TGA analyzer. 
Sample was placed in an aluminum pan and from the 

DSC and TGA thermograms of samples, transition 

temperature was observed. 
 

Drug content 

1 ml of the prepared formulation was diluted with the 10 

ml of phosphate buffer having pH 7.4 to determine the 

drug content. This solution was stirred for 2 hours and the 

sample was filtered by using filter paper. It was then 

examined at 222 nm on a UV-VIS spectrophotometer.  
 

Release kinetics 

Drug release kinetics was calculated by models, including 

the Korsmeyer-Peppas (Wu et al., 2019), Hixson-Crowell 
(Hamedi et al., 2019), zero-order (Miastkowska et al., 

2016), first-order (Kadakia, Shah and Amiji, 2017) and 

Higuchi model (Cong et al., 2017). DD solver software 

was used to assess the release kinetics and the R2 values 

were determined for each model to find out the drug 

release pattern of the formulations. 
 

Preparation of the transethosomes vesicular gel  

Optimized transethosomes dispersion (F-16) was 

incorporated into the Carbopol gel for easy application 
onto the skin. Carbopol 934 (1% w/v) was soaked in a 

suitable amount of distilled water overnight. 30 ml of 

transethosomal dispersion containing 30 mg of 

mirtazapine drug was added to the swollen polymer while 

being continuously stirred until a homogeneous gel was 

formed. Propyl paraben and methyl paraben were added 
as preservatives and the triethanolamine was added 

dropwise to the gel to bring the pH to neutral (Garg et al., 

2017). The final concentration of mirtazapine in the gel 

formulation was fixed at 0.45%  (Pintea et al., 2022). 

Final composition of the prepared gel is given in the table 

4.  

Characterization of the mirtazapine loaded 

transethosomal gel  

Organoleptic Evaluation 

The clarity and appearance of the gel were evaluated 

visually in a separate container to determine the presence 

of lumps and aggregates. Any signs of grittiness and 

agglomeration in the prepared gels were 

observed (Abdallah et al., 2022). 
 

pH 

It was measured by using the digital pH meter and all 

values were taken at room temperature (25 °C). The 

formulation's pH should range from 5.0 - 6.5 to match the 

pH of skin (Shah et al., 2019).  
 

Viscosity measurement 

Viscosity affects the drug release from the formulation. 

Additionally, the viscosity affects the semisolid dosage 

forms' stability, spreadability, release of drugs, and ease 
of application. A beaker was filled with a specific amount 

of the prepared formulation, and it was left to settle for 

thirty minutes at room temperature. The spindle dropped 

into the formulation and rotated at a speed of 20 

revolutions per minute. Average of three readings of the 
viscosity was noted and viscosity is measured in 

centipoise units (Tiwari et al., 2021).  
 

Spreadability 

Spreadability is important to determine the even 
distribution of the prepared formulation (Asad et al., 

2021). 2 gm of gel was applied to one side of a glass slide 

and another slide was placed above it. Weight of 100 

grams was placed on the upper slide for 5 minutes. The 

time taken to separate the upper glass slide away from the 

lower glass slide was noted. Spreadability can be 
measured by the formula given in equation 2.  

S = M/t (equation 2) 

Where "t" is the time taken by the gel in seconds, "M" is 

the weight of the gel in grams, and "S" stands for 

spreadability in grams per second (g/s). 
 

Drug content assessment 

0.5 g of transethosomal gel was diluted to ten milliliters 

with accurately weighed quantity of ethanol. After 

passing the mixture through Whatman filter paper, 
mixture was agitated for a period of one hour. At a 

wavelength of 222 nm, the drug's content was analyzed 

spectrophotometrically in comparison to a blank sample 

that included the same excipients but no medication 

(Abdelnabi et al., 2019). The drug content was measured 

by applying the calibration curve developed by same 
solvent previously used for dilution of transethosomal gel.  
 

Formula in equation 3 was used to calculate the 

percentage drug content. The drug was detected by using 

the calibration curve.  
% Drug content = absorbance of test / absorbance of 

standard × 100 (equation 3) 
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Table 1: Independent variables with their levels and dependent variables with constraints in Box Behnken design 

Variables 
Level 

Minimum Maximum 

Independent variables 
X1 = Soya lecithin (mg) 2 4 

X2 = Span 80 (mg) 10 30 

X3 = Ethanol (%) 20 50 

Drug 30 mg (fixed in all formulations  

Dependent variables 

Y1 = Entrapment efficiency (%) Maximize 
Y2= Cumulative amount of drug permeation after 6 hours (Q 6h) Maximize 

Table 2: Experimental formulation design and measured responses based on Box–Behnken methodology (n=3,±SD) 

Formulations 
Independent variables Dependent variables 

X1(mg) X2 (mg) X3(%v/v) Y1(%) Y2(%) 

F-1 3 30 50 65.20±1.11 69.3±1.75 

F-2 4 30 35 73.9±1.02 65.4±1.33 

F-3 2 10 35 75.6±1.67 57.6±1.64 

F-4 3 10 50 69.3±1.56 70.2±1.96 

F-5 2 20 50 61.6±1.85 76.8±1.25 

F-6 3 20 35 72.5±1.96 74.4±1.64 
F-7 3 20 35 72.5±1.26 74.4±2.06 

F-8 3 10 20 86.5±1.24 49.9±1.69 

F-9 3 20 35 72.5±2.01 74.4±1.32 

F-10 2 30 35 63.3±1.59 56.2±1.48 

F-11 4 20 20 80.5±1.57 63.9±1.74 
F-12 4 10 35 77.9±2.11 67.2±1.65 

F-13 4 20 50 67.8±1.69 86.7±2.04 

F-14 2 20 20 70.8±1.27 58.9±1.63 

F-15 3 30 20 71.6±1.64 47.1±1.28 

X1: Soya lecithin (mg), X2: Span 80 (mg), X3: ethanol (%), Y1: entrapment efficiency (%), Y2: total amount of drug permeated at 
6 hours (%).  

Table 3: Composition of the optimized formulation (F-16) and validation of the responses  

Optimized formulation 
Independent variables Dependent variables 

X1 (mg) X2 (mg) X3 (%v/v) Y1 (%) Y2 (%) 

F-16 Predicted formula 4  16.8  31.83  77.130  74.924  
F 16 Practically prepared formula 4  16.8  31.83  75.924  73.62 

Table 4: Composition of mirtazapine-loaded transethosomal gel formulation 

Ingredients Concentration 

Carbopol 934 1% w/v 

Propyl paraben 0.01 % w/w 

Methyl paraben 0.01 % w/w 

Triethanolamine Added dropwise to adjust pH 

Distilled water q. s 

Table 5: Assessment scale for erythema 

Score Grade of erythema Explanation 

0 Clear No sign 
1 Almost clear Little redness 

2 Mild Definite redness indicating mild erythema 

3 Moderate Moderate erythema marked redness 

4 Severe Intense redness indicating severe erythema 
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Drug release  

2 ml of transethosomal dispersion was incorporated into 
the high-flux dialysis membrane (14 kDa)and drug release 

was measured by using USP dissolution apparatus II 

containing 500 ml of phosphate buffer solution of 7.4 pH 

maintained at 37°C (Albash et al., 2019). The paddle was 

adjusted to rotate at 50 rpm. Aliquots of 10ml were taken 

out at a predefined interval for a total period of 6 hours 
and replaced with fresh buffer. The samples were filtered 

through a syringe filter of 0.45µm and assessed 

spectrophotometrically at 222 nm wavelength (Yıldız et 

al., 2016). 

 

Ex-vivo skin permeation study 

An ex-vivo skin permeation study was carried out to 

compare the transdermal drug delivery efficiency of the 

optimized transethosomal dispersion (F-16) and its gel 

formulation. Full-thick abdominal skin was excised from 

a sacrificed rabbit, after obtaining the letter of 

confirmation from the University’s ethical committee vide 
letter no. IREC-2023-48. The rabbit skin was carefully 

cleaned, and stored in phosphate-buffered saline (PBS, 

pH 7.4) at 4 °C for use within 24 hours. 

 

The skin was mounted between the donor and receptor 
compartments of a FDC, with the stratum corneum 

oriented toward the donor side. The receptor compartment 

(10 mL) was filled with PBS (pH 7.4) and maintained at 

37 ± 0.5 °C under continuous magnetic stirring. One 

milliliter of each test formulation was applied to the donor 

compartment. Samples (1 mL) were withdrawn from the 
receptor compartment at predetermined intervals (1, 2, 3, 

4, 5, and 6 hours) and immediately replaced with an equal 

volume of fresh PBS to maintain sink conditions. 

 

The amount of mirtazapine permeated was quantified 

spectrophotometrically at λmax = 222 nm (Musallam et al., 
2022)  The percentage drug release and cumulative 

permeation profiles were calculated and compared 

between both formulations. 

 

Stability studies 

The stability of the prepared transethosomal gel was 

assessed by measuring its color, pH, viscosity, 

spreadability, and drug content. The gel under 

investigation was kept for 60 days at two different 

temperatures, 25 ± 0.5 °C and 4 ± 0.5 °C. The variables 

were routinely checked at intervals of 0, 15, 30, 45, and 
60 days (Shah et al., 2019). 

 

Skin irritation study 

The adult male rats were used in the skin irritation study. 

A point on the back of rat was marked and the hairs were 

removed using razor to examine the irritability of the gel 
formulation. After applying gel once daily for three days, 

skin sensitivity reactions such as redness, edema, and skin 

rash were observed to measure the level of skin irritation 

caused by the formulation. Grading level of the skin 

irritation is given in table 5 (Gao et al., 2019).  
 

Toxicology and histopathology 

Albino rabbits weighing 800 g to 1200 g male and female 

had been brought from animal house at the University of 

Lahore, Pakistan after obtaining the letter of confirmation 

from the University’s ethical committee vide letter no. 
IREC-2023-48. Two groups (control group and treatment 

group) with equal quantity of female as well as male 

rabbits (n=4) had been kept in a clean environment (clean 

housing facility), provided with 12-hour light and dark 

cycle. They were fed with a water and a regular meal. 

Only the treatment group received the mirtazapine loaded 
transethosomal gel on the back for two weeks twice a day. 

After fourteen days, hematological and clinical 

biochemistry analyses were performed.  

 

RESULTS 

 

Optimization of transethosomes by Box-Behnken design  

A total of 15 experimental trials were generated by the 

Box-Behnken Design for the formulation development. 

Table 2 represents the values of entrapment efficiency and 

the drug permeation after six hours for all 15 
formulations. Fig. 2 represents the entrapment efficiency 

and fig. 3 represents the total amount of drug permeation 

after 6 hours (Q 6h) of all the prepared experimental 

formulations. The values of R2, S.D and % CV of each 

response are represented in Table 6.  

 
Response surface analysis for the selection of optimized 

transethosomes formulation   

The impact on the dependent variables was investigated 

using 3D surface plots, contour plots, and polynomial 

equations. ANOVA was applied to establish the statistical 

significance. The accuracy of the model is confirmed by 
the ANOVA as shown in Table 7. 

 

Response 1 (Y1): effect of independent variables on the 

entrapment efficiency  

Impact of independent variables on the EE% is shown in 
fig. 4. Below is a polynomial equation displaying the final 

mathematical model in terms of coded factors as decided 

by the Design-Expert software (equation 4): 

EE % (Y1) = 87.50 +3.35 A - 3.85 B - 4.85 C + 1.43 AB - 

1.23 AC + 1.82 BC - 0.69 A2 + 1.06 B2 -1.54 C2 (equation 

4) 

 

Where A represents the lipid, B represents the surfactant, 

C represents the ethanol; AB, BC, and AC is the 

interactions between factors; A2, B2 and C2 are the 

curvatures. Equation 4 and fig. 4 showed that the 

phospholipid (factor A) had a positive impact on the EE% 
of the drug, whereas the concentration of surfactant 

(factor B) and ethanol (factor C) had a negative impact on 

the entrapment efficiency.  
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Response 2 (Y2): effect of independent variables on the 

amount of drug permeated after six hours 

The impact of independent variables on Q6h is shown in 

fig. 5. Final mathematical model is shown in polynomial 

Equation (equation 5): 
 

Q6h (Y2) = 74.40 +4.21 A -0.86 B +10.40 C -0.10 AB +1.23 AC 

+0.48 BC -0.18 A2 -12.63 B2-2.65 C2 (equation 5) 
 

Equation (5) revealed that the concentration of lipid 

(factor A) and the ethanol (factor C) had a positive impact 

on the amount of drug permeated after 6 hours (Q6h). 
 

Characterization of optimized transethosomes 

formulation (F-16) 
 

Calibration curve 

The standard calibration curve for mirtazapine is shown in 

fig. 6 

 

Zeta potential, PDI and particle size determination  

Particle size, PDI and zeta potential of the optimized 

formulation were determined by the zeta sizer. Zeta 

potential of the optimized formulation is demonstrated in 

fig. 7.  
 

Scanning electron microscopy (SEM) 

The structure of the prepared transethosomal dispersion 

was studied by the scanning electron microscope at two 

different resolutions as shown in figs. 8 (a) and 8 (b).  
 

Drug excipients compatibility study  

The data of infrared transmittance for all the samples was 

screened over a wave number between 600 to 4000 cm-1. 

The FTIR spectrum of the excipients and the final 

formulation are shown in the fig. 9.  
 

X-ray diffraction (XRD) analysis 

This test is most commonly used for determining the 

crystalline structure of a prepared product fig. 10 shows 

the XRD graphs of the pure drug and the prepared 
transethosomal formulation.  
 

Thermal stability analysis (DSC/TGA) 

Differential scanning calorimetry (DSC), along with 

thermogravimetric analysis (TGA), was used to evaluate 
the physical state and thermal stability of mirtazapine in 

the transethosomal formulation. TGA/DSC graphs of pure 

mirtazapine drug and the final transethosomal formulation 

are mentioned in the figs. 11(a) and 11(b) respectively.  
 

Release kinetics 

R2 value of mirtazapine loaded transethosomes for 

different kinetics models is given in table 8.  
 

Characterization of the mirtazapine loaded 

transethosomal gel  

Organoleptic evaluation 

The transethosomal gel was physically and visually 

inspected for different variables such as color, 

consistency, homogeneity, clarity, phase separation and 

grittiness. These results are given in Table 9. 
 

pH, viscosity and spreadability  

The values for pH, viscosity and spreadability of the 

prepared transethosomal gel were measured.  

 

Drug content assessment 

Mirtazapine -loaded transethosomal gel has a drug 

content percentage of 91.28% and drug content lies within 

the permissible limit of 100 ± 10%.  

 

Drug release 

The % drug release pattern from the optimized 
transethosomal dispersion (F-16) and the plain gel was 

determined up to 6 hours (360 minutes) as shown in fig. 

12.  

 

Ex-vivo permeation study 

A permeation study of the transethosomal gel was 
conducted on the FDC using rabbit skin. fig. 13 shows the 

drug permeation through transethosomal gel for the 

period of six hours (360 minutes)  

 

Stability studies 

The results of the stability study of the mirtazapine loaded 

transethosomal gel is given in table 10.  

 

Skin irritation study 

The purpose of the skin irritation investigation was to 

verify that the gel formulation was safe and compatible 
with the rats' skin. Application of the mirtazapine loaded 

transethosomal gel on the rat’s skin is represented in fig. 

14.  

 

Toxicology and histopathology 

Histopathological analysis is shown in the fig. 15.  
 

DISCUSSION 
 

Optimization of transethosomes by Box-Behnken design  

The values for two dependent variables, namely 

entrapment efficiency and drug permeation after 6 hours 

were in the range of 61.6 % to 86.5 % and 47.1 % to 86. 7 

% respectively as shown in Table 2. Quadratic model was 

found to be most appropriate fit model for the responses 
of all 15 formulations 

 

Response surface analysis for the selection of optimized 

transethosomes formulation   

The model generated for the entrapment efficiency (Y1) 
had a p-value of less than 0.05 and an F-value of 136.42 

implies that the model is significant as shown in table 7. 

Similarly, the model generated for the drug permeation 

after 6 hours had a p-value of less than 0.05 and an F-

value of 385.56 which indicated the significance of 

model. 
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Fig. 1: Stepwise representation of the preparation of mirtazapine-loaded transethosomes and their incorporation into 

carbopol-based gel 
 

 
 

Fig. 2: Comparative entrapment efficiency of Box–Behnken-designed transethosomal formulations (F-1 to F-15) 
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Fig. 3: Cumulative drug permeation at 6 hours (Q6h) for formulations F-1 to F-15 

 

 
 

Fig. 4: Three-dimensional response surface graph represents the impact of independent variables on entrapment 

efficiency EE% (Y1); (a) represents the impact of Surfactant and Phospholipid on EE%, (b) represents the impact of 

Phospholipid and Ethanol on EE%, (c) represents the impact of Ethanol and Surfactant on EE% 

 

a b 

c 
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Fig. 5: Three-dimensional response surface graph showing the effect of independent variables on the cumulative 

amount of drug after 6 hours (Y2); (a) represents the impact of Surfactant and Phospholipid on Q6h, (b) represents 

the impact of Phospholipid and Ethanol on Q6h, (c) represents the impact of Ethanol and  Surfactant on Q6h 

 

Fig. 6: Calibration curve of Mirtazapine 
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Fig. 7: Zeta potential of the optimized transethosomal dispersion 

 

 

Fig. 8: Scanning Electron Microscopy (SEM) image of optimized mirtazapine-loaded transethosomes (F-16) 

showing spherical vesicles with smooth surfaces and uniform distribution. Scale bar at (a) 1 µm and (b) 200nm 
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Fig. 9: FTIR spectrum of (a) soya lecithin, (b) Span 80, (c) ethanol, (d) mirtazapine, (e) mirtazapine loaded 
transethosomes 

 

 
 

Fig. 10: XRD analysis of (a) pure drug and (b) Mirtazapine loaded transethosomes 



Faraz Ashraf et al. 

Pak. J. Pharm. Sci., Vol.39, No.5, May 2026, pp.1295-1316 1307 

 

(a) 

 

Fig. 11: DSC /TGA analysis of (a) the pure mirtazapine drug and (b) the mirtazapine loaded transethosomes 
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Fig. 12: Comparison of in-vitro drug release from transethosomal gel and plain gel  

 

Fig. 13: Comparison of skin permeation through transethosomes dispersion and transethosomal gel 
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Fig. 14: Skin irritation study; (A) transethosomal gel is applied to the skin (B) rat skin after 24 hours of gel 

application (C) rat skin after three days of gel application  

 

Fig. 15: Histopathological examination of rat skin following application of mirtazapine transethosomal gel. The 

epidermis and dermis appear intact with no signs of edema, inflammation, or structural disruption 
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Response 1 (Y1): effect of independent variables on the 

entrapment efficiency 

By increasing the concentration of phospholipid, an 

increase in the entrapment efficiency is observed as 

shown in figs. 4 (a) and 4 (b). The reason could be the 

lipophilic character of mirtazapine because the drug 

which is lipophilic in nature would be deposited over the 

lipophilic phase. As shown in Table 2, the formulation F-
3 which is composed of 2% phospholipid demonstrated an 

EE% of 75.6%, which is lower when compared to the 

formulation F-12 containing 4% phospholipid with an 

EE% of 77.9%. Same results were observed between 

formulation F-5 with 2% phospholipid (EE% of 61.6%) 

and formulation F-13 with 4% phospholipid (EE% of 
67.8%). These results are consistent with the research 

conducted by Kumar et, al. in which Lipoid S100  is used 

as a lipid, and increased entrapment efficiency is seen by 
increasing the amount of lipid (Kumar and Utreja, 2020). 

In another study, by increasing the concentration of soya 

phosphatidylcholine 70, an increase in the entrapment 

efficiency is observed (Garg et al., 2017). 

 

The EE% is decreased by increasing the quantity of 
surfactant as shown in fig. 4(c). EE% of formulation F-3 

(75.6%) which contains 10% surfactant is greater as 

compared to the EE% of formulation F-10 (63.3%) which 

contains 30% surfactant. In addition, formulation F-8 

containing 10% surfactant and formulation F-15 

containing 30% surfactant showed the entrapment 
efficiency of 86.5 % and 71.6% respectively. Same results 

Table 6: Summary of the result of regression analysis for responses Y1 and Y2 

Quadratic model R2 Adjusted R2 Predicted R2 SD %CV 

Response (Y1) 0.9959 0.9886 0.9351 0.69 0.96 

Response (Y2) 0.9986 0.9960 0.9770 0.68 1.03 

Table 7: Summary of ANOVA 

Source 
Y1 Y2 

F-value p-value Significance F-value p-value Significance* 

Model 136.42 < 0.0001* Significant* 385.56 < 0.0001* Significant* 
A- Phospholipid 216.23 < 0.0001*  303.66 < 0.0001*  

B- Surfactant 324.84 < 0.0001*  12.73 0.0161*  

C- Ethanol 539.69 < 0.0001*  1850.87 < 0.0001*  

Residual       

Lack of Fit 2.40 0.7992  2.34 0.7792  
*Indicates statistical significance at P <0.05 

Table 8: Drug release kinetics of transethosomal dispersion 

Mirtazapine loaded 

transethosomal dispersion 

Zero order First order Higuchi Korsmeyer-peppas Hixson-Crowell 

R2 R2 R2 R2 n R2 

0.7323 0.8048 0.8998 0.9038 0.55 0.7909 

Table 9: Organoleptic Evaluation of prepared gel 

Formulation Color Appearance Homogeneity Clarity Texture Stability 

Mirtazapine TE 

Gel 
Yellowish Transparent Homogeneous Clear 

Smooth, no lumps 

observed 

No phase 

separation 

Table 10: Stability study of Mirtazapine loaded TE gel (n=3, ±SD) 

Temperature 

Condition 

Time 

(Days) 
Color Clarity 

Phase 

separation 
Ph 

Viscosity 

(cps) 

Spreadability 

(g/s) 

Drug 
content 

(%) 

 

Room 

Temperature 

(25 ± 0.5 °C) 

0 Yellowish Clear No 6.2±0.32 3540±0.45 27.60±0.69 91.28±1.63 

15 Yellowish Clear No 6.2±0.24 3540±0.24 27.56±0.83 91.22±1.24 

30 Yellowish Clear No 6.0±0.11 3531±0.38 27.50±0.97 91.19±1.28 

45 Yellowish Clear No 5.8±0.69 3524±0.13 27.46±1.02 91.14±1.86 
60 Yellowish Clear No 5.6±0.25 3506±0.81 27.35±0.65 91.10±2.04 

 

Refrigerator 

Temperature 

(4 ± 0.5 °C) 

0 Yellowish Clear No 6.2±0.58 3540±0.29 27.60±0.46 91.28±1.37 

15 Yellowish Clear No 6.2±0.37 3539±0.74 27.54±0.67 91.24±1.92 

30 Yellowish Clear No 5.6±0.14 3530±0.65 27.51±1.03 91.22±2.07 

45 Yellowish Clear No 5.4±0.29 3515±0.49 27.41±0.64 91.20±1.65 

60 Yellowish Clear No 5.0±0.47 3504±0.67 27.38±0.21 91.11±1.73 
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were observed between formulations F-12 and F-2. A rise 

in the concentration of surfactants can lead to the 
development of pores in the bilayer vesicles, causing the 

entrapped drug to escape out. A high concentration of 

surfactant can trigger the formation of micelles  (Dantas 

et al., 2016) and thus, the decrease in EE% with an 

increase in surfactant can be due to the coexistence of 

micelle structure with vesicles in the formulation as 
micelles usually show low entrapment efficiency as 

compared to vesicles (Aodah et al., 2023) 
 

Ethanol had a negative effect on the EE% of the 

transethosomes as demonstrated by the fig. 4(c). 
Formulation F-14 with 20% ethanol had an entrapment 

efficiency of 70.8%, but for formulation F-5 with 50% 

ethanol, it was 61.6%. The EE% was shown to be 86.5% 

for formulation F-8 with 20% ethanol, and 69.3% for 

formulation F-4 with 50% ethanol as shown in table 2. 

This decrease in the entrapment efficiency can be due to 
the fluidization mechanism of the ethanol. Ethanol 

increases the fluidity of the vesicles due to which there 

are more chances of drug leakage (Nayak et al., 2020). 

These outcomes are consistent with the findings of 

research conducted by Moolakkadath et al., in which the 
increased concentration of ethanol decreased the 

encapsulation of transethosomes  (Moolakkadath et al., 

2018).  
 

Response 2 (Y2): effect of independent variables on the 

amount of drug permeated after six hours 

An increase in cumulative amount of the drug permeation 
by the increase in the concentration of the lipid could be 

because phospholipid could increase vesicle partitioning. 

Formulation F-2 contains 4% phospholipid has a Q6h of 

65% which is greater than the Q6h of formulation F-10 

(56.2 %) which contains 2% phospholipid. Additionally, 

similar findings were shown across formulations F-11 and 
F-14 and between formulation F-13 and F-5 which 

contains 4% and 2% phospholipid respectively (Nayak et 

al., 2020). 
 

An increase in the amount of drug permeated at Q6h is 
observed when the concentration of surfactants increases 

from 10% to 20% as shown in fig. 6.  But by further 

increasing the concentration of surfactant from 20% to 

30% decreases the Q6h. First, the increased surfactant 

concentration might have changed the packing 

characteristics of the bilayer, leading to the formation of a 
more disorganized and leakier vesicle membrane. 

Because of this, the vesicles are able to pass through skin 

pores more easily which would have increased drug 

permeability (Shen et al., 2015). The decrease in the 

amount of drug permeated by further increasing the Span 
80 concentration (from 20-30%) could be due to the 

micellar formation at high surfactant concentration.  
 

Concentration of ethanol had a synergistic effect on the 

Q6h. Formulation F-15 which contains 20% ethanol 

shows less amount of drug permeated at Q6h (47.1 %) as 

compared to the formulation F-1 which shows the Q6h of 
69.3%because of the higher concentration (50%) of 

ethanol.  Likewise, Q6h was shown to be 63.9 %for 

formulation F-11 with 20% ethanol, and 86.7 %for 

formulation F-13 having 50% ethanol (Table 2). Ethanol 

is a penetration enhancer which decreased the transition 

temperature of lipid and gave the vesicles flexibility, 
which allowed the vesicles to penetrate through the skin 

(Tang et al., 2007). Furthermore, ethanol increased the 

stratum corneum layer’s fluidity and enhanced the ability 

of vesicles to pass through it by interacting with the lipids 

in the stratum corneum layer (El Maghraby, Williams and 

Barry, 2004).  
 

Characterization of optimized transethosomes 

formulation (F-16) 

Calibration curve 

The standard calibration curve for mirtazapine (Fig. 6) 
exhibited strong linearity with a correlation coefficient 

(R²) of 0.9987 and regression equation y = 0.0171x + 

0.0627, indicating that the UV-VIS spectrophotometric 

method is linear and accurate across the tested 

concentration range (5–50 µg/ml) (Prajapati et al., 2022).  
 

Zeta potential, PDI and Particle size determination  

The vesicle size of the prepared formulation was found to 

be 479.3 nm which confirms the nano-size of the prepared 

vesicles. Small vesicle size indicates the stable 
formulation. Optimized formulation showed the zeta 

potential of -34.1 mV as demonstrated in fig. 7. The 

formulation exhibited low polydispersity value of 0.400 

that is generally acceptable and indicates the consistency 

of particle diameter within the formulation (Baboota et 

al., 2007).  
 

Scanning electron microscopy (SEM) 

Particles are present in non-segregated form from each 

other and no agglomerates were observed. The 

prepared transethosomes appeared as almost spherical, 
homogenous, uni-lamellar nano-vesicles in the SEM 

pictures. The surface of the vesicle was smooth.  
 

Drug excipients compatibility study  

Soy lecithin's FTIR spectrum maximized at 1458.20 cm−1, 

which is due to the (–CH2) bend. The carbonyl group 

(C=O) of phospholipids was seen in the spectrum at 

1738.85 cm−1. Peak at the 1054.11 cm−1 revealed 

phospholipid’s (C–O-) stretch (Asghar et al., 2023).  

Sorbian monooleate (Span 80), displayed a pattern of 
powerful distinctive absorption peak at 1173 cm-1 which 

is formed from the C–O–C stretching vibration (Fu et al., 

2015).The stretching vibration (O-H) peak trough in FTIR 

of ethanol is located at 3391 cm-1. Ethanol was found to 

exhibit stretching vibrations (C-H) absorptions at 

wavenumbers ranging from 3010 cm-1 to 2850 cm-1. 
Mirtazapine IR spectra showed N-H stretching at 3245 

cm-1. Mirtazapine's usual peaks were entirely suppressed 
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in mirtazapine transethosomes, showing that the drug was 

successfully entrapped within the vesicles. 
 

X-ray diffraction (XRD) analysis 

The diffractogram of pure mirtazapine in fig. 10 shows 

peaks at 9.54, 14.66, 20.24, 21.18, 22.38, 29.0, 30.52, 

36.72 degrees and so on. The peaks confirmed the 

crystalline structure of the substance (Naureen et al., 
2022). However, the distinctive crystalline peaks of 

mirtazapine disappeared in the prepared formulation, 

producing a pattern of an amorphous material, confirming 

that the crystallinity of mirtazapine was significantly 

lowered, and thus confirms the conversion of crystalline 

form into the amorphous form in the final formulation. 
 

Thermal stability analysis (DSC/TGA) 

The TGA curve of pure mirtazapine (Fig. 11 a) showed an 

initial weight loss beginning at approximately 74 °C, with 

a significant mass loss occurring between 135–265 °C, 

which corresponds to the thermal degradation of the drug 
(Circioban et al., 2024). The DSC thermogram displayed 

a single sharp endothermic peak around 254 °C, 

representing the melting point of crystalline mirtazapine. 

In the transethosomal formulation, this peak was 

significantly reduced in intensity and shifted to 
approximately 90–110°C (Fig. 11 b), indicating 

depression of the melting point due to interaction with 

excipients and a reduction in crystallinity (Kumbhar, 

Wavikar and Vavia, 2013). These results collectively 

confirm the partial amorphization and molecular 

dispersion of mirtazapine in the lipid matrix, which can 
enhance solubility and improve drug release performance. 
 

Release kinetics 

The results obtained through DD solver revealed that the 

R2 value of mirtazapine loaded transethosomes was 
highest (0.9038) for the Korsmeyer-peppas model as 

shown in table 8. Also, the n value was higher than 0.5, 

which confirms that the drug release pattern follows the 

non-Fickian diffusion.  
 

Characterization of the mirtazapine loaded 

transethosomal gel  

Organoleptic Evaluation 

The developed formulation had a yellowish color with no 

phase separation having a smooth and homogenous 
consistency and was free of any kind of grittiness and 

lumps. 
 

pH, viscosity and spreadability 

The pH of the transethosomal gel was measured using a 
digital pH meter. The pH of the gel was found to be 6.2 

that was within the range of the pH of skin (i.e., 5.0 – 6.5) 

so it was considered non-irritant and safe for skin 

application. The rheological behavior of the 

prepared gel was determined because it influences the 

flow characteristics of the formulation during mixing, 
packaging into containers, storage, and application to the 

skin (Abdulbaqi et al., 2018). The viscosity of the 

mirtazapine-loaded transethosomal gel was (3540 cp), 
which was considered acceptable and lies in the normal 

range. The spreadability of the transethosomal gel is 

important for uniform application of the formulation onto 

the skin. Spreadability of the formulated gel was found to 

be 27.60 g/s that was acceptable. 

 

Drug content assessment 

The results indicated that drug loss while preparing 

transethosomal gel was minimal and the drug is uniformly 

distributed throughout the formulation (Vasanth and 

Priya, 2024).  

 

Drug release 

Results clearly showed that the drug release from the 

transethosomal gel is greater than the plain mirtazapine 

gel as shown in fig. 12. 
 

Ex-vivo permeation study 

60% of the drug is permeated through the rabbit skin for 

six hours from the transethosomal gel. Drug permeation 

from transethosomal gel is greater which could be due to 

the colloidal characteristics of the gel such as the particle 
size, pH and viscosity. The ex-vivo permeation results 

demonstrated that approximately 60% of the loaded drug 

was released from the transethosomal gel within 6 hours. 

Given that the gel contains 0.45% w/w mirtazapine, and 

the therapeutic dose range for adults is 15–45 mg/day  

(Timmer et al,. 2000; Anttila and Leinonen, 2001), the 
observed drug flux from the optimized formulation 

indicates a potential for achieving therapeutic plasma 

concentrations. Furthermore, considering mirtazapine’s 

long half-life (20–40 hours), sustained plasma levels 

could be maintained with once-daily transdermal 

application. While in-vivo pharmacokinetic studies are 
needed for confirmation, the ex-vivo release pattern 

strongly supports the transdermal route as a viable 

alternative to oral administration. 
 

Stability studies 

The results given in table 10 depicted that there were no 

major modifications in the color, viscosity, spreadability, 

homogeneity of the formulation following storage at both 

temperatures. Ph of the formulation slightly changed after 

60 days at both temperatures. Furthermore, no major 
difference in the percentage drug content is observed 

between formulations held at 4 or 25°C when compared 

with the freshly prepared formulation. As a result, the 

data revealed that the mirtazapine loaded transethosomal 

gel was stable over the specified time period. 
 

Skin irritation study 

Rats showed no signs of erythema, skin rash, or edema 

(mean irritation index = 0) after the application of 

transethosomal gel as seen in fig. 14. As a result, the 

formulation was considered non-irritating and safe for 
application on the human skin. One of the limitations of 
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the current study is the short duration and small sample 

size (n=4 rats) used in the skin irritation assessment, 
which was conducted over a 3-day period. While no signs 

of erythema or edema were observed, these preliminary 

results should be interpreted cautiously. Longer-term 

studies with larger animal cohorts are recommended to 

confirm the dermal safety of the formulation prior to 

clinical translation 
 

Toxicology and histopathology 

Throughout the observation period, none of the rabbits 

displayed any physical changes or signs of sickness. 

There were no changes in the body weights of rabbits in 
both groups. There were no major changes in either the 

treatment or control groups throughout the two weeks as 

shown in the histopathological analysis as shown in the 

fig. 15. Vital organs such as the liver, heart and kidney 

were unaffected in both groups. The report of complete 

blood count (CBC) and levels of creatinine and urea were 
found to be within normal ranges. The level of Alanine 

aminotransferase (ALT) and Aspartate aminotransferase 

(AST) was also similar in control and treatment group. 

These measurements revealed no evidence of toxicity in 

the liver, kidney and blood in either group. 
 

CONCLUSION 
 

The present study successfully developed optimized 

mirtazapine-loaded transethosomal gel using Box–

Behnken design, aiming to enhance transdermal delivery 

of the drug. The optimized formulation (F-16) 

demonstrated high entrapment efficiency (75.92%) and 
significant drug permeation after 6 hours (73.62%). 

Characterization studies confirmed nano-sized, stable 

vesicles with uniform morphology and effective drug 

encapsulation. The gel formulation exhibited suitable pH, 

viscosity, and spreadability, while ex-vivo skin 

permeation showed superior release from the gel 
compared to dispersion. Stability studies confirmed the 

formulation’s robustness over 60 days. Importantly, 

toxicological and skin irritation analyses confirmed the 

formulation’s safety profile. These findings suggest that 

the developed transethosomal gel is a promising 

transdermal delivery system for mirtazapine, potentially 
overcoming its poor oral bioavailability and offering 

improved patient compliance. 
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