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SUMMARY

Mirtazapine, alpha-2 receptor antagonist is an atypical 
antidepressant drug used in the treatment of major depression in 
adults; commercially available in oral tablet, disintegrating tablet 
and oral solution forms.  Transdermal drug delivery systems can 
deliver the active drug substance subcutaneously into the systemic 
circulation, which provides a higher bioavailability by avoiding 
hepatic first-pass metabolism in the oral route and maintains a 
constant plasma level. The oral bioavailability of Mirtazapine is 
limited to 50%. The objective of this study is to design and formulate 
Mirtazapine into a transdermal drug delivery system, conduct the 
in-vitro drug product performance tests and introduce a suitable 
transdermal film formulation. In this study, transdermal film 
formulations of Mirtazapine were designed and generated. Films 
have a matrix type structure in which HPMC, HEC and PVP K30 
are used as polymers and PEG 400 as a plasticizer. The prepared films 
have been proven to be stable by physical tests and FT-IR analysis. 
It has been experimentally obtained that in the best formulation, 
Mirtazapine can be released for more than 24 hours, and 14.41% 
of the drug in the dosage form permeates cumulatively through the 
artificial membrane within 24 hours. With the addition of oleic acid 
to the formulation, an 11.53% increase in permeation through the 
artificial membrane was achieved (p < 0.05). This study implies 
that Mirtazapine can be stably formulated into a transdermal film, 
providing sustained release and permeating through transdermal 
diffusion membrane, which presents a promising point of reference 
for research pursuits and commercial medicine development. 
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Mirtazapin İçeren Transdermal Taşıyıcı Sistemin Geliştirilmesi

ÖZ

Mirtazapin, yetişkinlerde majör depresyon tedavisinde kullanılan, 
alfa-2 reseptör antagonisti atipik bir antidepresan ilaçtır. İlacın, oral 
tablet, dağılan tablet ve oral solüsyon formları ticari olarak mevcuttur. 
Transdermal ilaç salım sistemleri, ilaç etkin maddesini deri altından 
sistemik dolaşıma verebilen; böylece oral yoldan ilaç alımındaki hepatik 
ilk geçiş etkisinden kaçınarak daha iyi bir biyoyararlanım ve plazma 
seviyesi sürekliliği sağlayan, dozaj formlarıdır. Mirtazapinin oral 
biyoyararlanımı %50 ile sınırlıdır. Bu çalışmanın amacı, Mirtazapin 
içeren transdermal ilaç salım sisteminin tasarlanması ve formüle 
edilmesi, in-vitro performans testlerinin gerçekleştirilmesi ve uygun bir 
transdermal film formülasyonunun ortaya konmasıdır. Bu çalışmada, 
Mirtazapin’in transdermal film formülasyonları tasarlanmış ve 
ortaya konmuştur. Polimer olarak HPMC, HEC ve PVP K30, 
plastifiyan olarak PEG 400’ün kullanıldığı filmler matriks yapıdadır. 
Hazırlanan filmlerin, yapılan fiziksel testler ve FT-IR analizi ile 
stabil olduğu kanıtlanmıştır. Ortaya konan en iyi formülasyondan, 
24 saatten daha fazla süre boyunca Mirtazapin salınabildiği ve dozaj 
formundaki ilacın % 14,41’nin 24 saat içinde yapay membrandan 
kümülatif olarak geçtiği deneysel olarak elde edilmiştir. Formülasyona 
oleik asit ilavesi ile, yapay membrandan permeasyonda %11,53 artış 
elde edilmiştir (p < 0,05). Bu çalışma, Mirtazapin’in sürekli salım 
sağlayabilen ve stabil transdermal filmlerinin formüle edilebileceğini, 
transdermal difüzyon membranından geçebileceğini ortaya koymakta; 
ileri araştırmalar ve ticari ilaç ürünleri geliştirilmesi için gelecek 
vaadeden bir referans oluşturmaktadır.

Anahtar Kelimeler: Mirtazapin, transdermal film, transdermal 
yama, antidepresan, oleik asit.
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INTRODUCTION

Mirtazapine is an alpha-2 receptor antagonist 
atypical antidepressant drug, which is named as 
1,2,3,4,10,14b-hexahydro-2-methylpyrazino (2,1-a) 
prido (2,3-c) benzazepine. It is generally prescribed 
for the treatment of major depressive disorder in 
adults. Panic disorder, insomnia, post-traumatic 
stress disorder and social anxiety are the other indi-
cations Mirtazapine is prescribed for (Croom et al., 
2009; Watanabe et al., 2011). The drug is also often 
off-label prescribed for the geriatric patients to treat 
the sleep disorders (Eronen et al., 2024; Nguyen et al., 
2025). Currently, Mirtazapine is commercially avail-
able in tablet, disintegrating tablet and oral solution 
dosage forms (RX Media Pharma, 2023).

Transdermal drug delivery systems are advanced 
dosage forms that enable drug delivery across the skin 
barrier into the systemic circulation. Although it is a 
non-invasive application method, since permeation 
through the skin barrier is limited by various factors, 
this has made the transdermal delivery systems one 
of the focal points in drug research studies and com-
mercial product development in recent years (Buzia et 
al., 2023; Jeong et al., 2021; Tiwary & Sapra, 2007; Ra-
madon et al., 2022). Nowadays, painkillers, hormonal 
therapy drugs and some drugs used in the treatment 
of central nervous system and cardiovascular system 
diseases are prosperously administered via transder-
mal dosage forms (Bird & Ravindra, 2020). 

Drug administration via the transdermal delivery 
systems has several advantages over the oral route. 
Through the passage of the drug from the skin barrier 
into the systemic circulation, high systemic bioavail-
ability is obtained, avoiding hepatic first-pass metab-
olism. More consistent plasma levels can be attained 
since the transdermal systems maintain plasma con-
centrations in the therapeutic window for prolonged 
periods, possibly allowing reduction in dosing fre-
quency, eliminating dose fluctuations of oral medica-
tion (Carat, 2025; Escobar-Chavez et al., 2012). Trans-

dermal systems avoid unpredictable absorption issues 
caused by food intake and other gastrointestinal (GI) 
factors, providing more reliable results (Laurn & Ar-
ean, 2024). Transdermal drug delivery systems typi-
cally provide controlled and sustained drug release, 
which results in an extended duration of therapeu-
tic effect, half-life, compared to oral administration. 
Since the transdermal systems assure gradual and 
continuous drug input into the systemic circulation 
rather than a rapid bolus, improved half-life is at-
tained. Subsequently, plasma concentrations decline 
more slowly, maintaining therapeutic levels for a lon-
ger period (Berner & John, 1994; Guy & Hadgraft, 
1985). The ability to identify the applied medicine, 
stop the administration of medication and the side 
effects at any time is another substantial advantage of 
the transdermal systems, which offers safety in case 
of emergencies (Pastore et al., 2015; Patel et al., 2012; 
Tanwar & Sachdeva, 2016). Transdermal drug deliv-
ery systems ensure an alternative drug delivery route 
for the patients, especially elderly patients, with swal-
lowing difficulties or cognitive challenges and those 
who receive multiple medications (Harnett et al., 
2023). Besides improving patient compliance, trans-
dermal technology generates possibilities for product 
line extensions for pharmaceutical companies, which 
provides strategic benefits in competitive therapeutic 
categories.

There are mainly four types of transdermal patch-
es: matrix-type, membrane, drug-in-adhesive and mi-
cro-reservoir systems (Wong et al., 2023). Matrix-type 
transdermal system comprises a drug layer with a 
semi-solid matrix that holds a dispersed drug solu-
tion or drug suspension with a polymeric part directly 
in contact with the skin. The adhesive layer surrounds 
the drug layer and keeps the system adhered to the 
skin during dosing. In matrix-type systems, drug re-
lease is controlled by loading dose, solubility of drug 
in the polymer and the diffusion behavior of the drug 
in the polymer matrix (Ping, 2011; Siepmann & Pep-
pas, 2011). A membrane-controlled transdermal sys-
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tem contains a drug reservoir and a rate-controlling 
polymeric membrane. The drug molecules are re-
leased only through this membrane, which consists 
of semipermeable materials that provide the regulat-
ed passage of the drug (Bathe & Kapoor, 2015; Zhan 
et al., 2015). Drug-in-adhesive systems consist of an 
adhesive layer containing the drug. Following the ap-
plication, the adhesive layer adheres onto the skin and 
the drug is gradually released during the dosing peri-
od (Pastore et al., 2015; Wolff, 2000). The micro-res-
ervoir system comprises a matrix dispersion system 
and a reservoir. The drug is suspended in an aqueous 
solution of water-soluble liquid polymer, then this 
mixture is evenly dispersed in lipophilic polymer, 
producing a large number of microscopic drug res-
ervoirs (Hanbali et al., 2019; Waghulde et al., 2013). 

Despite the potential benefits of transdermal drug 
delivery, currently there is no commercial product 
available for transdermal Mirtazapine treatment in 
the field of human medicine. Moreover, the scientif-
ic literature on Mirtazapine delivery via transdermal 
systems is highly limited. There are a few studies cov-
ering a transdermal Mirtazapine system, and those 
studies are all published very recently, which indicates 
a growing interest in the topic. In one of these studies, 
therapeutic deep eutectic solvents, which are utilized 
to improve the solubility of drugs, were combined with 
Mirtazapine and medium-chained fatty acids to create 
a transdermal drug delivery system. The study per-
formed in vivo studies as well and concluded that the 
relative bioavailability of Mirtazapine was improved 
6.4-fold by including medium-chain fatty acids and 
provided 24-hour sustained release characteristics 
(He et al., 2025). In a very recent study, drug-in-ad-
hesive formulations were generated by incorporating 
a pressure-sensitive adhesive system along with oleic 
acid as a permeation enhancer. The performed ex vivo 
and in vivo studies showed sustained drug release, 
enhanced skin permeation, and improved pharmaco-
kinetics outperforming the oral route (Satpute et al., 
2025). Another study developed a drug-in-adhesive 
transdermal patch using a pressure-sensitive adhesive 

and a chemical penetration enhancer. In vivo experi-
ments were performed to investigate the pharmaco-
kinetics of the optimized formulation, and the results 
demonstrated that a long-acting patch was developed 
(Liu et al., 2025).

Although there is no commercial product and 
very limited literature regarding the transdermal 
Mirtazapine system for human medicine, a notewor-
thy veterinary product, FDA-approved Mirtazap-
ine transdermal ointment is commercially available 
(Mirataz®) in the United States (mirataz.com/pi). The 
product was designed and produced to benefit the 
off-label indication of Mirtazapine, appetite stimula-
tion. It is currently recommended for application in 
cats only. Few prior related studies to this product 
were conducted and published. In these studies, Mir-
tazapine transdermal ointment formulation was fab-
ricated and applied to owned healthy young cats in 
veterinary clinical conditions. The drug was applied 
to the skin of the inner ear pinna. The evaluation was 
made as per the analyzed serum Mirtazapine levels 
and the increase in appetite behaviors in cats. Single 
and repeated transdermal doses of Mirtazapine trans-
dermal ointment attained measurable plasma concen-
tration in cats (Benson et al., 2017; Buhles et al., 2018; 
Poole et al., 2019). 

There are certain drug properties that should be 
considered while developing a transdermal drug de-
livery system. Drugs with lower molecular weight 
(<500 g/mol)  can be absorbed through the skin via 
passive diffusion (Brown et al., 2006). The partition 
coefficient (Log P) is one of the key determinants 
of permeability, and should be between 1.0 and 4.0 
(Chandrashekar & Shobha Rani, 2008). It is com-
monly accepted that an optimal drug candidate for 
transdermal delivery should possess a low melting 
point (< 200℃) (Velasco-Aguirre & Sintov, 2019). 
Mirtazapine has a molecular weight of 265.35 g/mol, a 
melting  of 114-116℃ (British Pharmacopoeia 2023), 
and a log P value of 2.9 (Ezealisiji et al., 2015). For 
this study, Mirtazapine was selected as the ideal drug 
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candidate to formulate into a transdermal film due to 
its appropriate molecular properties for transdermal 
drug delivery. Among the different types of transder-
mal patches, the matrix type patch was selected es-
sentially due to the simple design and relative ease of 
fabrication. The conventional manufacturing process 
is also cost-effective. 

This study centers on the design, formulation, 
and optimization of a novel matrix-type transdermal 
drug delivery system. By incorporating oleic acid as 
a penetration enhancer, the study optimizes the drug 
content and flux. 

MATERIALS AND METHODS

Materials

Mirtazapine hemihydrate was purchased from 
Zhejiang Liaoyuan Pharmaceuticals Co, Ltd. (China). 
Hydroxypropyl methylcellulose (HPMC) (Benecel 
TM K4M) and hydroxyethyl cellulose (HEC) (Natro-
sol TM 250 HHX) were obtained from Ashland Glob-
al (USA) as gift samples. Polyvinylpyrrolidone (PVP 
K30) was received as a gift sample from BOAI NKY 
Pharmaceuticals (China). Polyethylene glycol 400 
(PEG 400) and oleic acid were procured from BASF 
(Germany). All other solvents and chemicals were 
used during this study were analytical grade and pur-
chased from Merck (Germany).

Preparation method for transdermal film for-
mulations

The preparation method was developed based on 
the solvent-casting method (Cherukuri et al., 2017; 
Yener et al., 2010). The following process steps were 
consecutively applied for this purpose. HPMC, HEC 
and distilled water were weighed into a beaker. The 
beaker was airtightly covered with parafilm and left at 
room temperature for 24 hours to create the aqueous 
gel. The resulting gel was mixed with a magnetic stir-
rer at 90 rpm for 30 minutes at 35 °C (Beaker A). The 
temperature was lowered to 25°C just after this step, 

and the process was proceeded.

The 5% (w/v) PVP K30 solution that provides 
matrix formation, was prepared in a separate beaker, 
mixed with a magnetic stirrer at 180 rpm for 1 hour 
(Beaker B). The PVP K30 solution in Beaker B was 
added dropwise to the gel mixture in Beaker A. It was 
mixed in a magnetic stirrer at 150 rpm for 1 hour.

The 4.5% (w/v) Mirtazapine/ ethanol solution was 
prepared in another beaker (Beaker C). Mirtazap-
ine-ethanol solution in Beaker C was added drop-
wise to the contents of Beaker (A+B) and mixed at 
200 rpm for 1 hour. The weighted amount of PEG 400 
was added dropwise to this mixture and mixed with 
a magnetic stirrer at 250 rpm for 30 minutes. The re-
sulting gel was kept in an ultrasonic water bath for 1 
hour. 20 grams of the final gel mixture were placed in 
a petri dish. To remove the last air bubbles in the gel, 
the petri dishes were left at room temperature for 1 
hour. It was dried at 38°C for 18 hours.

The basis of formulations, quantification, and the 
ratio of the selected polymers were created after a de-
tailed review of the previous studies (Cherukuri et al., 
2017; Kriplani et al., 2020; Parhi et al., 2022; Saidin et 
al., 2018; Singh & Bali, 2016; Vlad et al., 2025; Yener 
et al., 2010). Several films were fabricated with this 
method, simple physical characterization was car-
ried out (was checked for homogeneous appearance, 
ease of peeling from the petri dish, being durable and 
flexible), and 20 formulations were determined to be 
suitable for carrying out the study. The formulations 
are given in Table 1. The transdermal films contain-
ing Mirtazapine were prepared with the method ex-
plained. After determining the formulation that had 
the highest penetration rate, that formulation was 
prepared with incorporated oleic acid at a formula-
tion in 4% concentration, to investigate the penetra-
tion enhancement effect of oleic acid on the formu-
lated film.



675

FABAD J. Pharm. Sci., 50, 3, 671-688, 2025

Table 1. Formulation of Mirtazapine transdermal films

Formulation ID

Quantity

HPMC HEC PVP K30 PEG 400

(mg) (%)* (mg) (%)* (mg) (%)* (mg) (%)*

F1 250 0.8 250 0.8 250 0.8 210 0.7

F2 250 0.8 150 0.5 250 0.8 210 0.7

F3 200 0.6 250 0.8 250 0.8 210 0.7

F4 350 1.1 150 0.5 250 0.8 210 0.7

F5 300 1.0 350 1.1 250 0.8 210 0.7

F6 350 1.1 100 0.3 250 0.8 210 0.7

F7 350 1.1 200 0.6 250 0.8 210 0.7

F8 350 1.1 250 0.8 250 0.8 210 0.7

F9 400 1.3 150 0.5 250 0.8 210 0.7

F10 400 1.3 200 0.6 250 0.8 210 0.7

F11 300 1.0 100 0.3 250 0.8 210 0.7

F12 200 0.6 200 0.6 250 0.8 210 0.7

F13 400 1.3 100 0.3 250 0.8 210 0.7

F14 450 1.4 200 0.6 250 0.8 210 0.7

F15 450 1.4 100 0.3 250 0.8 210 0.7

F16 450 1.4 150 0.5 250 0.8 210 0.7

F17 500 1.6 250 0.8 250 0.8 210 0.7

F18 250 0.8 200 0.6 250 0.8 210 0.7

F19 300 1.8 250 0.8 250 0.8 210 0.7

F20 400 1.3 300 1.0 250 0.8 210 0.7

* % amount of the component in the total weight (25 grams) of the gel prepared to form transdermal films.

Physicochemical evaluation of the transdermal films

Weight variation

1 cm2 sections were cut out from 10 different points 
of each prepared film. The sections were weighed one 
at a time on a precision scale, and the measurements 
were noted. The mean and SD values of the obtained 
measurements were calculated (Nandi & Mondal, 
2022; Prabhu et al., 2011).

Thickness

1 cm2 sections were cut out from 10 different 
points of each film. The thickness of the sections was 
measured with a digital caliper. The mean and SD val-
ues of the measurements obtained were calculated and 
recorded (Hanbali et al., 2019; Parmar et al.,  2023).

Content uniformity test

1 cm2 sections were cut out from 6 different points 
of each transdermal film containing Mirtazapine. Each 

section was placed in a 25 mL volumetric flask, and 10 
mL of ethanol was added. It was kept in an ultrasonic 
water bath to dissolve for 24 hours. The obtained solu-
tion was filtered through a membrane filter with a 0.45 
μm pore size. The filtrate was then quantitatively ana-
lyzed with HPLC to determine the drug content. The 
mean and SD values of the measurements obtained 
were calculated and noted (Shivalingam et al., 2021).

Folding endurance test

2 x 2 cm were cut out from each prepared film. 
The section was folded repeatedly from a precise point 
until the crack formation was observed on the film 
surface. The folding endurance value is determined 
as the number of times the film can be folded at the 
same place without creating any crack line on the film 
surface. The test was performed with three films from 
each formulation (Idrees et al., 2014).



676

Karabudak, Yener, Kul, Yılmaz

Stability studies

Mirtazapine transdermal films were tested for 
their physicochemical stability. The films were placed 
in stability chambers in closed glass petri dishes. They 
were kept in stability chambers under conditions of 
25 ± 2°C, 40 ± 2°C and 75 ± 5% relative humidity. 
Quantification was performed on samples taken at 1, 
3, and 6th months. FTIR examination was also per-
formed on the samples taken in the 6th month.

In vitro drug product performance tests

In vitro dissolution test

Dissolution studies were carried out to obtain dis-
solution profiles of the six film formulations selected 
as per their physicochemical properties. The Disk As-
sembly method was used from the “Dissolution Test 
for Transdermal Patches” section in the Guide on 
the Quality of Transdermal Patches in the European 
Pharmacopoeia (EMA/CHMP/QWP/608924/2014, 
2014). For this purpose, a 2x2 cm section was cut out 
from the film and fixed between the watch glass and 
a 125 μm mesh stainless steel net. In the study, pH 
7.4 phosphate buffer solution (PBS) was used as the 
dissolution medium. 900 mL of pH 7.4 PBS was taken 
into the vessel of the dissolution device. The tempera-
ture was set at 32±0.5°C. The stirring speed was set at 
50 rpm. A sample of 1 mL was taken from the solvent 
medium at 15 minutes, 30 minutes, 1, 2, 3, 4, 5, 6, 7, 8, 
12, and 24 hours. Following each sample collection, 1 
mL of pH 7.4 PBS was immediately added to the ves-
sel. The collected samples were filtered through 0.45 
μm pore size PTFE syringe filters. The test was repeat-
ed 6 times for each film formulation.

In vitro permeation test

To test the permeation of Mirtazapine from the 
prepared films through the synthetic skin membrane, 
a method was created by following the recommenda-
tions in the relevant guide of the European Medicines 
Agency (EMA) (EMA/CHMP/QWP/608924/2014, 
2014). The experiment was performed using the Franz 
diffusion cell system. The Franz cell system used has 
a heated water jacket. The receptor compartment 

volume is 12 mL, and the orifice area is 1.77 cm2. In 
studies conducted with Franz diffusion cells, the syn-
thetic skin membrane Strat M®, which can simulate 
human skin, was used. pH 7.4 phosphate buffer was 
chosen as the dissolution medium, and the study was 
carried out at 32±0.5°C (Neupane et al., 2020). Before 
starting the experimental timing, it was ensured that 
the temperature of both the pH 7.4 phosphate buffer 
in the receptor chamber and the Strat M® membrane 
on top of it was allowed to reach 32°C. Experimental 
timing was initiated by placing the test film section 
on the membrane. Samples were taken at 15 and 30 
minutes, 1, 2, 3, 4, 5, 6, 7, 8, 12, and 24 hours. Follow-
ing sample collection, the receptor from the dissolu-
tion medium was added to the receptor chamber. Air 
bubbles that formed in the receptor chamber during 
sample collection were removed. The samples taken 
were filtered through a PTFE syringe tip filter with 
a 0.45 μm pore opening and analyzed by the HPLC 
quantification method. The experiment was repeated 
6 times for each formulation.

Data treatment and statistics

Statistical evaluations of the data were made by 
using one-way analysis of variance (ANOVA) test in 
order to determine their differences. The level of sig-
nificance was set to α= 0.05.

RESULTS AND DISCUSSION

In this study, transdermal film formulations of 
Mirtazapine were successfully prepared using the sol-
vent-casting method. The physicochemical properties 
of the Mirtazapine transdermal films were investigat-
ed, and test results are shown in Table 2.

It was observed that incorporating a higher con-
centration of HEC into the formulations made the 
transdermal films remarkably more elastic and dura-
ble. This correlates with the existing literature (Birsan 
et al., 2018; Tudoroiu, 2025). 

The weight of different films per cm2 varied be-
tween 9.10 mg ± 0.352 and 14.14 mg ± 0.401. The 
thickness of different formulations ranged from 0.101 
mm ± 0.018 to 0.193 mm ± 0.038. These SD values as-
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sured that the preparation method was capable of de-
veloping patches with the least intra-batch variability.

Mirtazapine quantity in different formulations 
varied from 0.47 mg/cm2 ± 0.044 to 0.56 mg/cm2 ± 
0.058. Minimum SD values in the film drug content 
variation ensured the uniformity of the prepared films 
using the solvent casting method.

For all of the formulations, the folding endurance 
value was greater than 100, which proved that the 
prepared transdermal film formulations were flexible 
enough to withstand mechanical force and would be 
able to keep their physical integrity following the film 
application onto the skin.

Table 2. The physicochemical properties of Mirtazapine transdermal films

Film ID Thickness 
(mm)

SD ±
Film weight 

(mg/cm2) SD ±
Mirtazapine 

quantity (mg/cm2) SD ±
Folding 

endurance

F1 0.122 0.028 11.48 0.941 0.50 0.031 > 100

F2 0.114 0.019 9.75 0.579 0.51 0.032 > 100

F3 0.126 0.015 9.10 0.352 0.50 0.037 > 100

F4 0.0116 0.020 11.48 1.099 0.53 0.062 > 100

F5 0.193 0.038 13.45 0.793 0.52 0.057 > 100

F6 0.115 0.016 10.47 0.662 0.53 0.045 > 100

F7 0.143 0.029 13.28 0.554 0.53 0.042 > 100

F8 0.123 0.018 10.5 0.714 0.59 0.023 > 100

F9 0.127 0.013 10.85 0.632 0.52 0.068 > 100

F10 0.132 0.024 13.84 0.471 0.54 0.068 > 100

F11 0.101 0.018 11.91 0.395 0.50 0.026 > 100

F12 0.123 0.017 10.91 0.457 0.53 0.050 > 100

F13 0.105 0.018 10.62 0.703 0.56 0.058 > 100

F14 0.146 0.022 14.14 0.401 0.51 0.058 > 100

F15 0.113 0.018 9.84 0.674 0.53 0.059 > 100

F16 0.128 0.026 11.84 0.740 0.48 0.054 > 100

F17 0.187 0.031 12.74 0.696 0.51 0.024 > 100

F18 0.111 0.017 10.48 0.620 0.48 0.054 > 100

F19 0.111 0.009 9.70 0.635 0.47 0.044 > 100

F20 0.159 0.025 12.93 0.827 0.52 0.032 > 100

The stability studies proved that there is no signif-
icant change in drug content and the physical charac-
teristics of the prepared film formulations. The results 
were given in Table 3.

An FT-IR spectrophotometer was used, and IR 
spectra were obtained by direct analysis with the ATR 
unit. The device and software are activated in trans-
mission mode. Measurements were made in the wave-
length range of 4000-400 cm-1 with a spectral resolu-

tion of 4 cm-1. The FT-IR spectra were obtained on 
day zero and day 180 of the stability studies. Both the 
overlapping Mirtazapine spectra are given in Figure 1.

Peaks observed in the FT-IR spectrum of Mir-
tazapine λ (cm-1): 2981-2964: Aliphatic C-H stretch 
band, 1585-1566: C=N- stretch band, 1442-1494: Ar-
omatic C=C stretch band, 3016-3057: Aromatic C-H 
stretch band, 763-786: 1.2 disubstituted benzene out-
of-plane deformation band.
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Table 3. Stability study of Mirtazapine transdermal films

25 ± 2°C and 75 ± 5% RH 40 ± 2°C and 75 ± 5% RH

% Drug content % Drug content

Formulation ID initial 30 days 90 days 180 days initial 30 days 90 days 180 days

F1 99.97 99.46 99.37 98.94 99.97 99.38 99.28 98.75

F2 100.06 99.93 99.87 99.80 100.06 99.74 99.70 99.60

F3 100.07 99.99 99.95 99.92 100.07 99.80 99.61 99.19

F4 99.99 99.97 99.91 99.84 99.99 99.70 99.52 99.17

F5 99.73 99.61 99.54 98.92 99.73 99.25 98.89 98.24

F6 99.75 99.68 99.60 98.87 99.75 99.44 99.19 98.22

F7 99.49 99.33 99.21 98.75 99.49 99.12 98.78 98.23

F8 99.62 99.59 99.56 99.47 99.62 99.36 99.11 98.92

F9 99.86 99.78 99.73 99.63 99.86 99.46 99.16 98.79

F10 99.34 99.20 98.92 97.93 99.34 98.78 98.24 97.62

F11 99.55 99.49 99.42 99.32 99.55 99.18 98.95 98.37

F12 99.49 99.22 98.97 98.55 99.49 98.88 98.59 98.16

F13 99.86 99.81 99.72 99.61 99.86 99.57 99.26 98.86

F14 99.97 99.94 99.86 99.76 99.97 99.73 99.42 99.06

F15 99.29 99.19 99.06 98.94 99.29 98.72 98.51 98.13

F16 99.92 99.82 99.46 98.98 99.92 99.46 99.15 98.66

F17 99.27 99.05 98.82 98.20 99.27 98.66 98.22 97.79

F18 99.37 99.18 98.95 98.66 99.37 98.73 98.46 98.17

F19 98.95 98.65 97.95 96.89 98.95 98.40 97.80 97.56

F20 99.59 99.21 98.83 98.12 99.59 99.04 98.56 97.79

Figure 1. Overlapping image of the Mirtazapine spectra on the initial and day 180

It was determined that the formulations main-
tained their physical integrity and chemical stabili-
ty at both 25 ± 2°C and 40 ± 2°C temperatures for 6 
months. In line with these findings, it was concluded 
that transdermal films containing Mirtazapine can be 

stored at room temperature.

Six of the prepared formulations were tested for 
their in vitro performance. After studying Mirtazapine 
solubility in different dissolution media, pH 7.4 phos-
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phate buffer was selected as the dissolution medium 
since it effectively simulates physiological environ-
ments and assures the Sink condition. The dissolu-
tion test was carried out in the Sotax AT-7 dissolution 
system. The quantitative analysis of the samples was 

made by using a validated HPLC method. The results 
were given in Table 4.

The dissolution profiles of the formulations were 
formed by plotting the % released drug vs. time and 
are given in Figure 2.

Figure 2. Dissolution profiles of the Mirtazapine transdermal films

Table 4. Dissolution results of Mirtazapine transdermal films

F11 F14 F20 F1 F18 F19

Time 
(hour)

% 
released 

drug

SD 
(±)

%  
released 

drug

SD 
(±)

%  
released 

drug

SD 
(±)

%  
released 

drug

SD 
(±)

%  
released 

drug

SD 
(±)

% 
released 

drug

SD 
(±)

0.25 23.88 0.070 30.62 0.07 43.07 0.048 30.69 0.063 32.41 0.049 35.92 0.059

0.5 39.01 0.036 36.33 0.069 48.10 0.043 39.29 0.062 38.33 0.053 42.52 0.105

1 41.83 0.082 38.67 0.039 57.87 0.069 47.13 0.062 44.66 0.075 48.1 0.090

2 50.78 0.081 46.03 0.092 62.20 0.065 53.19 0.051 60.00 0.054 53.12 0.088

3 54.84 0.135 51.95 0.049 69.22 0.070 64.54 0.086 63.92 0.051 59.17 0.079

4 60.00 0.151 58.28 0.165 74.11 0.064 72.73 0.092 65.37 0.193 64.47 0.088

5 65.37 0.127 64.82 0.107 78.85 0.040 79.06 0.085 69.98 0.191 68.67 0.082

6 67.02 0.082 76.10 0.182 82.98 0.028 83.46 0.075 71.70 0.169 73.28 0.083

7 69.70 0.097 83.67 0.202 85.39 0.024 87.8 0.062 74.17 0.171 78.99 0.055

8 73.69 0.103 85.05 0.169 89.93 0.031 91.44 0.072 78.78 0.159 84.29 0.040

12 79.61 0.044 87.73 0.077 94.89 0.019 94.68 0.076 82.29 0.14 93.99 0.057

24 87.80 0.053 88.49 0.038 99.50 0.017 98.74 0.075 88.28 0.066 98.81 0.039

The data obtained from the dissolution study were plotted in several kinetic models to determine the release 
kinetics of the transdermal films. The plotted data are presented in Table 5.
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Table 5. Release kinetics of Mirtazapine from transdermal film formulations.

    F11 F14 F20 F1 F18 F19

Zero-order kinetics
k0 2.3104 2.5569 2.2454 2.6989 2.0971 2.6311

r2 0.6971 0.6161 0.6724 0.6064 0.6270 0.7590

1st order kinetics
k1 0.0733 0.0864 0.1977 0.1734 0.0717 0.1717

r2 0.9072 0.7092 0.9982 0.9523 0.9523 0.9880

Higuchi 
D 14.0759 15.9044 13.8475 17.0668 13.1450 15.6225

r2 0.9076 0.8362 0.8970 0.8505 0.8642 0.9387

Hixson Crowell
kH 0.0754 0.0869 0.1287 0.1301 0.0720 0.1280

r2 0.8437 0.6794 0.9302 0.8393 0.7714 0.9426

Korsmeyer peppas
n 0.2963 0.2192 0.1857 0.2799 0.2799 0.1995

r2 0.9212 0.9717 0.9751 0.9834 0.9839 0.9906

It was determined that when applied to kinet-
ic models, the dissolution profile of the tested films 
conforms to the Korsmeyer-Peppas, which gave the 
highest determination coefficient. Depending on the 
“n” value, the profile fits different drug release mech-
anisms. The release of the prepared formulations is 
explained by diffusion in accordance with Fick’s law, 
since the “n” value was obtained as ≤ 0.45. The trans-
dermal films prepared in the study were designed to 
have a matrix structure. The drug release rate is not 
constant in matrix structured films; it is related to the 
concentration gradient, diffusion distance, and swell-
ing degree, and most of the time the release occurs 
by the Fick diffusion mechanism (Fu & Kao, 2010; 
Siepmann & Siepmann, 2012).

It is well acknowledged that the quantification of 
the samples taken within the first hour of the disso-
lution studies of matrix transdermal films provides 
more distinctive data for evaluating the dissolution 
behavior (EMA/CHMP/QWP/608924/2014, 2014). 

The dissolution studies were applied to the 6 for-
mulations. The drug release rate wasn’t constant, and 
the drug release didn’t follow zero-order kinetics. 
It showed a distinctive initial burst and subsequent-
ly slowed. Particularly, F20, F11 and F19 (R² ≈ 0.99) 
showed first-order release, meaning a concentra-
tion-dependent release rate existed. Korsmeyer Pep-

pas was the best fit for all the formulations, explain-
ing the concentration-dependent and diffusion-con-
trolled kinetics. This substantiates that the release is 
mainly controlled by diffusion through the polymer 
matrix, but not by polymer erosion or relaxation.

An evaluation was made in line with the results of 
the dissolution studies, and 3 formulations were se-
lected for the in vitro permeation studies. In the F11, 
F14 and F18 formulations, less than 45% of the drug 
amount in the formulation was released in the first 
hour, and it was observed that the drug release from 
these formulations continued more than 24 hours. In 
the designed transdermal film formulation, F11, F14 
and F18 were selected to continue with in vitro per-
meation studies, as the preferred feature is that the re-
lease extends over a longer time. When the dissolution 
data is evaluated, release occurs faster in formulations 
such as F1 and F20 containing higher concentrations 
of HEC than the transdermal films containing the 
same amount of HPMC. Therefore, it was concluded 
that HEC has an increasing effect on the release rate. 
With an increase in the ratio of HEC, drug release 
increased, which can be explained by the high water 
solubility of the polymer due to the multiple hydroxyl 
groups in its structure. Increased porosity of the poly-
mer matrix led to the rapid dissolution of the drug  
(Tudoroiu et al., 2025).
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In in vitro permeation studies, a synthetic skin 
membrane that can simulate human skin was used. 
The Merck Strat-M® product, which correlates with 
working with human skin and is sensitive to penetra-
tion enhancers, was preferred (Haq et al., 2018). The 
in vitro permeation study of transdermal film formu-
lations containing Mirtazapine was conducted in the 
Franz diffusion cell system using pH 7.4 phosphate 
buffer. The permeation study results were given in Ta-
ble 6 and Figure 3.

Among the transdermal films tested, at the end 
of 24 hours, the highest Mirtazapine penetration 
through the Strat-M® membrane was determined 
in F14, the formulation containing no penetration 

enhancer, with a cumulative penetrated amount of 
14.41% (p<0.05). F18 and F11 provided cumulative 
permeated amounts of 11.15% and 9.25%, respec-
tively (p<0.05). Since the permeation performance 
was the highest in F14, oleic acid was incorporated 
into the formulation, and the F14OA formulation was 
created to study the permeation enhancement effect 
of oleic acid. The cumulative permeated Mirtazapine 
amount was 16.07% in F14OA (Table 6). Among the 
permeation tested formulations, optimal permeation 
performance was realized by the formulation that 
comprises the highest ratio of HPMC. This can be at-
tributed to the likely formation of hydrophilic pores 
within the film structure and the following swelling 
of the polymer (Aho et al., 2017; Yener et al., 2010).

Figure 3. Permeation profiles of Mirtazapine from the different formulations through the Strat-M® membrane

The permeation studies were applied to the 3 for-
mulations, and before reaching the steady-state, all of 
them had a short lag time of about 2 hours. Between 
the 4th and 12th hours, for all formulations the perme-
ation increased linearly, showing steady-state flux. 
This type of kinetics, steady-state following a lag time, 
suggests Fickian diffusion. 

The used non-animal-based, synthetic transder-
mal diffusion testing membrane was sensitive to the 
penetration enhancers and simulated Stratum corne-
um behavior to a comparable degree. Oleic acid in-
corporation into the F14OA formulation was resulted 

in improved permeation consistent with the previous 
studies (Kichou et al., 2023; Rowat et al., 2006; Satpute 
et al., 2025; Virani et al., 2024). 

For all the formulations (F11, F18, F14, F14OA), 
the flux was calculated and given in Table 7. F14OA 
had the finest flux, 3.254 µg/cm2.hour permeation. 
Recognizing the mandatory in vivo and clinical stud-
ies requirement, if the bioavailability is reachable by 
the transdermal drug delivery, it was calculated that 
52.972 mg Mirtazapine containing transdermal film in 
a size of 85.61 cm2 could present the equivalent treat-
ment as a 15 mg oral tablet administration in a day.  
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Table 7. Cumulative permeated Mirtazapine concentration at Steady-state, flux and permeability coeffi-
cient (n=6) (5th hour)

Formulation Concentration ( % ) SD± Jss (µg/cm2.hour) SD± P (cm/minute) SD±

F11 2.19 0.018 2.386 0.011 0.0004 0.00001

F18 2.58 0.017 2.816 0.016 0.0005 0.00001

F14 2.67 0.020 2.913 0.021 0.0005 0.00001

F14OA 2.98 0.027 3.254 0.010 0.0006 0.00001

CONCLUSION

In the presented research study, stable Mirtazapine 
matrix-type transdermal film formulations were ob-
tained with HMPC, HEC and PVP K30 as polymers 
and PEG 400 as the plasticizer. The prepared films 
proved to be of desired pharmaceutical quality and 
stability by physicochemical tests and FT-IR scanning.

It was found that the developed formulations re-
leased Mirtazapine for more than 24 hours. The best 
permeation profile was obtained in the F14 formula-
tion, which cumulatively penetrated 14.41% (p <0.05) 
through the synthetic membrane during 24 hours. 
F14OA, the oleic acid incorporated version of F14, has 
successfully increased the Mirtazapine permeation by 
11.51% through the synthetic membrane during 24 
hours.

As a result, Mirtazapine transdermal film formula-
tions were designed and prepared in desired pharma-
ceutical quality, with an even improved permeation 
profile by incorporating oleic acid into the formula-
tion as a penetration enhancer. Despite the promising 
results, certain limitations need to be noted. The study 
was conducted using an in vitro model to test the 
pharmaceutical quality of the formulations, and fur-
ther in vivo tests are required to confirm the efficacy of 
the formulation as a human medicine. In light of these 
considerations, Mirtazapine transdermal film formu-
lations are suggested to be able to improve patient 
compliance by creating an alternative to the oral use 
of Mirtazapine, which has limited oral bioavailability.
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