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Development of transdermal nanofilm containing fluticasone
propionate: in-vitro, in-vivo correlation
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Abstract: Background: Psoriasis is one of the chronic inflammatory skin conditions, affecting about 2-3% of the world
population. Steroidal treatment are only best choice of treatments, but it is often associated with side effects due to higher
lipophilicity. Objectives: In this work, a nanoparticle-loaded transdermal film was developed to maintain nanoparticle
integrity in the skin. Methods: Fluticasone propionate loaded chitosan nanoparticles (NPs) were developed, and their
particle size, zeta potential, drug loading, entrapment efficiency and scanning electron microscope (SEM) images were
determined. The NPs-loaded film was further characterized for appearance, thickness and Fourier Transform Infrared
(FTIR) spectra, and an in vitro and in vivo permeation study was conducted. Results: The particle size of FSNPs was found
to be 250nm with +32.4 +1.5 mV zeta potential, great entrapment efficiency and spherical in shape. In vivo dermato-kinetic
studies showed long-term, confined drug release from the NP-formulated film in the epidermal layers, compared with the
film containing free drug. Conclusion: The study demonstrated that the FSNPs-loaded film showed higher skin

permeation, which is effective for managing psoriasis and warrants further evaluation.
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease
characterized by relapsing episodes of inflammatory
lesions and excessive keratinocyte growth and
differentiation. The prevalence of this disease is about 2-
5% worldwide. Topical (local) therapy is the treatment of
choice for mild to moderate psoriasis, but the stratum
corneum (SC) acts as a true barrier to localized delivery to
the skin. Topically administered drugs, especially
glucocorticoids, not only require adequate doses on
anticipated areas of the skin but also inhibit the possibility
of obnoxious side effects of such potent drugs. In contrast,
psoriatic skin requires a high local drug concentration at
the target site with minimal systemic absorption. Common
side effects of topical glucocorticoids (TGs) include skin
atrophy, striae, and irritation. There is always a demand to
develop a formulation that helps eliminate side effects. One
of the major challenges in developing topical formulations
for such inflammatory skin diseases is delivering and
maintaining safe, therapeutic drug levels (Try et al., 2016).
Many conventional therapies are available, but do not
provide precise penetration into targeted inflamed areas of
the skin (Nutten, 2015).

TGs are still the best treatment option for inflammation,
especially psoriasis. Among the TGs, fluticasone
propionate is a steroid of class D. TGs show their anti-
inflammatory  activity = employing  glucocorticoid-
responsive elements (GREs) located in the nucleus; they
down-regulate the generation of immunocompetent
inflammatory cells and cytokine production, as well as
minimizing the number of Staphylococcus aureus present
at the skin (Almawi and Melemedjian, 2002). TGs like
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fluticasone propionate are associated with many local as
well as systemic side effects. These side effects cause
steroid phobia amongst the patients, whereas these effects
are minimised by controlling the rate of release and
targeted delivery (Korting and Schéllmann, 2012; Ashraf
et al.,2025).

Researchers have tested many approaches to improve
treatment specificity (Parhi et al., 2015). NPs have lately
gained significant attention due to their size, charge, and
high penetration (DeLouise, 2012). It was also found that
NPs can penetrate the skin, making them a potential
strategy for treating chronic skin inflammation (Abdel-
Mottaleb et al., 2012).

However, among the polymeric NPs, chitosan (CS) has
gained remarkable attention because it is bio-degradable,
non-toxic, non-irritant, and bio-active, so CS is a choice of
many pharmaceutical and bio-medical products (Pati ez al.,
2011, Yassin et al., 2010, Papadimitriou et al., 2008). The
NH?** and -OH groups present in the CS make it accessible
for the chemical reactions (Gan and Wang, 2007).
Moreover, various studies have examined CS for its
potential application in topical drug delivery systems
(Sivakumar et al., 2013). Polymeric CS NPs have been
shown to modulate drug release from the dosage form, alter
the duration of action, and enable targeted delivery to the
required area (Illum, 2007). NPs were investigated for their
size, zeta potential, and surface morphology.

These polymer NPs are difficult to apply to the skin, so
they require some carriers. NPs-loaded films are gaining
attention as drug delivery carriers due to their convenience,
superiority over conventional semisolid dosage forms, and
efficient, less-toxic topical applications (Deb et al., 2018).
It also has the potential to improve patient compliance by
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reducing dosing frequency. In this study, fluticasone
propionate loaded with CSNPs was formulated and
characterized for its particle size, Zeta potential, and PDI.
Then these drug-loaded NPs were incorporated into a
sodium alginate and pectin film. The film was prepared
using a simple and reproducible solvent-casting method.
The film was characterized based on its surface
morphology and the interaction between the polymers and
drug molecules. Moreover, drug permeation studies were
conducted in-vitro and in-vivo to investigate in-vitro and
in-vivo correlations of drug molecules (Fluticasone
propionate). The correlation was investigated based on the
in-vitro and in-vivo drug permeation study.

MATERIALS AND METHOD

Chemicals

Fluticasone propionate (Sigma Aldrich), Chitosan (LMW)
with 9% deacetylation, and Tripolyphosphate (TPP) were
bought from Sigma Aldrich. Other laboratory chemicals,
like acetone, acetonitrile, and methanol, were of analytical
grade. Cellulose membrane filters and dialysis tubing were
purchased from Sigma Aldrich. Sodium alginate, pectin,
and glycerin were purchased from a licensed local supplier.

Method

Preparation of nanoparticles

The ionic gelation method was used to synthesise
Fluticasone propionate-loaded CS NPs (Siddique ef al.,
2015). 5mg of Fluticasone propionate was solubilized in
ethanol. Briefly, a 0.5 mg/mL lower-molecular-weight
(LMW) chitosan solution was prepared in aqueous acetic
acid. Both CS and drug solution were mixed at 500rpm for
15 minutes. A TPP solution at 1mg/ml was prepared
separately. 10 mL of TPP solution was added dropwise
while stirring at 700rpm on a magnetic stirrer (SCI340 HS)
for 30 minutes. Spontaneous generation of polymeric NPs
of fluticasone propionate was formed. The solution was
placed in an ultracentrifuge (Beckman-Coulter, CA, USA)
at 28000 rpm for 45 min. The collected pallets were freeze-
dried using Lab1st (USAau-36) for further analysis.

Characterization of nanoparticles

Collected pellets were redispersed in un-ionized water and
analysed for particle size, zeta potential, and polydispersity
index using a Malvern Zetasizer Nano ZS 1600. The
nanosuspension was transferred into a specialized cuvette
using a 5-mL syringe at a detection angle of 90°. All
samples were analysed in triplicate to generate a mean +
standard deviation (SD). Furthermore, to investigate the
surface morphology of CSNPs, SEM samples were
prepared by carefully attaching the NPs to a carbon-coated
copper grid, then adding 1% ammonium molybdate
solution. The samples were dried and further coated with
gold and analysed at 50mA for 15s.

Standard calibration curve
10mg of accurately weighed Fluticasone propionate was
added to a 100mL volumetric flask, 10mL of acetone was

added, and the volume was made up to 100mL with
distilled water to prepare a stock solution at 100 pg/mL.
Serial dilutions of fluticasone propionate were prepared at
5,10, 15, 20, and 25 pg/ml by adding acetone to the stock
solution. The absorbance of the above-mentioned serial
dilution was measured at wavelength Amax of 246 nm
against a blank (acetone) (Kulkarni et al., 2016). A
calibration curve was made, which obeyed Beer’s Lambert
Law.

Drug loading and entrapment efficiency (%EE)

The NP solution was centrifuged at 12000rpm for 30min.
The supernatant solution was recovered and assayed for
dissolved Fluticasone propionate by UV spectroscopy
(Shimadzu UV-1601, Shimadzu Co., Ltd., Japan) at Amax =
246 nm (Kulkarni et al., 2016). This was used to translate
the absorbance values attained from the supernatant into a
concentration. For each batch, drug loading and

entrapment efficiency (%EE) were determined as follows:

Mass of entrapped drug
DL (%) = x 100
Mass of entrapped drug + Mass of polymer

. weight of drug in supernant
EE (%) = 100 — g. - f o ‘p X 100
initial drug weight

Preparation of film

Both fluticasone propionate CSNPs and aqueous gel
(Blank) films were formulated using the solution casting
method. An equal mass fraction (1:1) of sodium alginate
(SA) and pectin (PC) was mixed to prepare the film.
Briefly, polymers were dissolved in distilled water
containing glycerol while regular stirring at 1000rpm for
about 2-3 hours at 45 £2 °C. After that, when a uniform gel
was formed, SmL of fluticasone propionate-loaded CSNPs
were added to the gel. The homogenized gel was sonicated
for 1 hour to remove all bubbles. Blank and drug-loaded
formulations were poured separately into Petri dishes and
incubated in an oven at 45 °C for 48 hours. The dried films
were obtained and kept in a desiccator at 30-35 °C until
further analysis.

Appearance and thickness

Films were weighed and their thickness measured with a
digital micrometre to standardise the treatment. Five
measurements were made from different areas of the film.
Three readings of each size were recorded, corresponding
to the standard deviation (+£SD).

Morphology of films

The morphology of the drug-loaded nanofilm was
evaluated using a Dino-Lite® microscope (Courage and
Khazaka Electronic GmbH, Germany), a sophisticated
digital light microscope.

FTIR analysis

FTIR analysis of the nanofilm and its components was
achieved by the spectrophotometer (Perkin Elmer
Spectrum 100 FTIR Spectrometer, USA) incorporated with
an Attenuated Total Reflection (ATR) assembly. The FTIR
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spectra were recorded for the pure drug, the blank, and the
drug-loaded films in the range of 4000 to 550 cm-1 at a
constant resolution of 2 cm-1. The dry film was cut into
small pieces and placed on an ATR crystal.

In-vitro drug Release study

An in-vitro drug permeation study was conducted using a
jacketed Franz-diffusion cell (Permegear Inc., USA)
having a permeation area of 0.634 cm? and a 5 mL capacity
of receptor cell volume with constant stirring speed (600
rpm) at 37+£2°C. The PBS was used as the dissolution
medium in the receiver compartment, with a final adjusted
pH of 7.4+0.2 to simulate a chronic wound environment. A
cellulose acetate membrane (0.45 p) was used (Hussain et
al., 2024). The nanofilm with a diameter of 2.1 cm was
placed over the cellulose acetate membrane. The nanofilm
diameter was selected to be larger to ensure the receptor is
fully covered, leaving no area of the Franz-diffusion cell
uncovered. Aliquots of the sample (0.5 mL) were collected
at predetermined intervals, and an equal volume of fresh
medium at 37 °C was added to maintain the standard
volume of the receptor compartment. The concentration of
the fluticasone propionate in the samples was evaluated
using a UV-visible spectrophotometer (UV-1601,
Shimadzu, Kyoto, Japan) at 246 nm.

In-vivo drug permeation study

Animal care and dosing

The Institutional Animal Care and Use Committee of the
University of Veterinary and Animal Sciences approved
experimental protocols for the wuse of animals
UVAS/219.0A/17. Albino Wistar rats were included in this
study. Animal care and treatment were conducted in
accordance with the standard laboratory guidelines. Adult
male Albino Wistar rats (~9 weeks old) were housed
individually for 7 days under a precise environment (22 +
3 °C, 40-70% relative humidity, 12 h light/dark).

Dermal application

To determine the concentration of fluticasone propionate
throughout the stratum corneum (SC) following film
application, the skin was progressively removed using the
standard tape-stripping method (Nagelreiter et al., 2015).
Animals were divided into two groups: one drug loaded in
NPs loaded film and 2" group with a free form of film
(without NPs). The skin sampling site was outlined to leave
an exposed skin area for the SC, which was larger than that
of the treated formulation. The dorsal skin area was shaved
12 hours before the treatment. Films were removed after
12 hours, and the area was swabbed with normal saline to
remove any drug residue. The animals were anesthetized
after intraperitoneal injections of Ketamine (60mg/kg)
(Singh and Chandra, 2025). The area was dried before tape
stripping began. With each stripping, SC is removed from
the skin. After every interval, the tape stripping was done.
This meant that a concentration of fluticasone propionate
across the skin barrier could be achieved relative to the SC
depth. Tapes collected at different times were placed in

Muhammad Irfan Siddique

eluent (PBS, pH=7.4) to extract the drug in a mechanical
shaking water bath at 37 + 3 °C for 6 hours. The eluent was
analyzed using a UV spectrophotometer (Amax = 246 nm)
to measure the concentration-time profile. Maximum drug
concentration in the SC (Cmax) and time to reach the
maximum drug concentration (Tmax) were determined. The
linear trapezoidal rule was used to measure the area under
the curve from 0 to 48 h (AUC 0-48 h).

Statistical analysis

Each experiment was replicated at least 3 times, and data
were reported as mean = SD. Statistical differences were
determined by ANOVA followed by post hoc Tukey’s test
using GraphPad version 5.1 (GraphPad Software Inc., La
Jolla, CA).

RESULTS

Preparation of fluticasone propionate NPs

LMW chitosan is a cationic polymer obtained from crab
shells by deacetylation. NPs were formed when a
negatively charged TPP solution was added to the CS
solution in an acidic medium (pH 4.0-5.0).

Nanoparticle characterization

Fluticasone propionate loaded CS NPs were characterised
by particle size and distribution. The average particle size
of drug-loaded NPs was 250+4nm. The surface charge was
+32.4+1.5mV, witha PDI of 1.112 +0.01. The NPs' size,
shape, and surface charge are important physicochemical
properties because they influence cellular uptake. The NPs'
size was within the acceptable range, with a diameter of
257 £ 4 nm and a narrow size distribution in dynamic light
scattering data (Fig. 1).

Scanning electron microscopy

The NPs shape was spherical with a smooth surface in
SEM (Fig. 1). The particle size range in SEM was 250-260
+ 3nm, which was corroborated by zeta-sizer analysis.

Calibration curve

A serial dilution of the stock solution of fluticasone
propionate was prepared, and the standard calibration
curve was drawn against different absorbance values
following Beer’s Lambert Law. Fig. 2 indicates the
standard calibration curve of the sample.

Drug loading and entrapment efficiency

The percentage of both drug loading capacity and
entrapment efficiency was measured using a UV
spectrophotometer (Shimadzu UV-1601, Kyoto, Japan) at
246 nm. As stated previously, the standard curve of
fluticasone propionate was first determined to calculate the
drug concentration in both supernatant (after
ultracentrifuge) and NPs fraction (R2=0.997), as shown in
Fig. 2. The drug loading and entrapment efficiency were
16.7 £ 0.8 % and 89.4 + 3.6%, respectively (Table 1).
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Fig. 1: Size (a) and shape of surface morphology (b) of the fluticasone propionate-loaded CS NPs.
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Fig. 2: Standard calibration curve of Fluticasone propionate.

Table 1: (a) Loading amount of PTX in nanoparticles was measured using a UV-spectrophotometer; (b) Loading
efficiency of Fluticasone Propionate in nanoparticles was calculated from the ratio of loading content of drug/feed amount
of drug in the nanoparticles; (c) The average size of each nanoparticle (1 mg/ml in PBS at 37 °C) was measured using
dynamic light scattering.

Fluticasone propionate CSNPs Size (nm) PDI Drug loading %  Entrapment efficiency %
257+4.6 1.112£0.01 16.7+0.8 89.4+3.6
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Fig. 3: FTIR spectra of blank sodium alginate, fluticasone propionate, pectin, chitosan, and fluticasone propionate
loaded chitosan NPs.
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Fig. 4: Scanning electron microscopy images of the fluticasone propionate-loaded chitosan NPs-loaded film.
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Fig. 6: Fluticasone Propionate loaded CSNPs film depth profile across the stratum corneum.

Fourier transform infrared spectroscopy analysis Scanning electron microscopy of the film

Fig. 3 shows that FTIR analysis was employed to evaluate SEM was used to assess the film's exterior morphology.
the interaction between polymers and drug molecules  The result indicates the surface's smoothness (Fig. 4).
(Fluticasone propionate). The results indicate that the drug

has been successfully loaded into the NPs and that there is ~ [-vitro drug release study )
no interaction between the drug molecule and other Franz diffusion is one of the simplest and well-established

formulation components. methods for studying drug permeation. The in vitro drug
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permeation profile over time is shown in Fig. 5. Decreasing
particle size increases the permeation flux through the skin.

In-vivo drug permeation study

In-vivo bioavailability studies in rats were conducted to
evaluate the drug permeation across the skin. In in vitro and
In-vivo co-relationships, it is necessary to perform drug
permeation through the animal skin. We use the standard
Tape-stripping method to evaluate the drug diffusion
behaviour through the rat skin model (Lademann et al.,
2009; Siddique et al., 2016). Strips were collected at
regular intervals. Animals were divided into two groups:
Group 1, drug-loaded into a CSNPs film; and Group 2, a
free-form film (without NPs). After continuous tape
stripping, going deep down into the SC, about 16% of the
drug is found as compared to the free form of the drug,
where there is no penetration of the drug (Fig. 6).

DISCUSSION

The fabrication of CSNPs majorly depends on interactions
of the positively charged NH*" group in CS and the
negatively charged TPP solution, by the formation through
this ionic-gelation method, and entirely depends on the
concentration of the free amino group present in CS
(Ayumi et al., 2019; Takeuchi et al., 2001). The NPs' size,
shape, and surface charge are important physicochemical
properties as they influence the cellular uptake. The size of
the nanoparticles also affects their penetration into the
cellular appendages (Voigt et al., 2014). The NPs' size was
within the acceptable range, with a size of 257 £ 4.6 nm
and a narrow size distribution in dynamic light scattering
data (Fig. 1). Regarding stability, the NPs' suspension
depends on the surface potential (Wu et al., 2023). NPs
remain distributed stably when they carry a surface charge,
which causes electrostatic repulsion between them (Miiller
etal.,2001). Zeta potential and PDI were found to be in the
acceptable limit range of NPs. NPs with higher surface
charge are responsible for the increase in zeta potential
because of the higher repulsive forces between the
particles, ultimately preventing them from aggregating
(Ibrahim et al., 2023). The cationic charge on the CS
surface also shows a key role in its attachment to the cell.
It has been reported that CS increases skin penetration by
interacting with the tight junctions of the epidermis (Ma et
al., 2022). The size of the nanoparticles also affects their
penetration into the cellular appendages (Voigt et al.,
2014). As in earlier studies, CS shows a distinct peak at
3438.3 cm™! (Ullah et al., 2022). Fluticasone propionate
shows distinct peaks at 1890.5 cm™'. In CS spectra, the
amide I and amide II bending vibrations shifted from
1689.1 and 1618.01 to 1628.01 and 1498.1 cm—1,
indicating a relationship among the NH3+ functional
groups of CS, TPP, and drugs within the Fluticasone
propionate CSNPs range. It has been shown that particle
size plays a significant role in drug permeation through the
skin (Oktay et al., 2021). The slow release of Fluticasone
propionate is due to swelling and erosion (Ahmady et al.,
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2022). First, swelling occurs when water penetrates the
matrix, making the polymer rubbery and susceptible to
degradation (Cardoso et al., 2019). Fluticasone propionate-
loaded NPs showed a better release profile than the free
form (Fig. 5). Controlled release of the fluticasone
propionate from the CSNP film indicates that it will stay
over the application area for about 40% release in 16 hours.

The ability of a topically applied NPs-loaded film depends
on the function of drug retention in the application area
(Lunter et al., 2024). Whereas more than 70% of the drug
release from the unloaded film dosage form (Fig. 5). The
result showed that drug release from the unloaded
formulation was significantly higher than the NPs loaded
formulation (p<0.05). The lower release rate of the
polymeric NPs-loaded film compared to the formulation
without NPs indicates NP inclusion in the film blend
(Tufail et al., 2022; Arezomand et al., 2024). In this in-vivo
dermal pharmacokinetic study, the SC level of a drug is
more relevant to local dermatological efficacy than its
plasma concentration. (Abuelella et al., 2023; Ta et al.,
2021). The results indicate that penetration of the drug-
loaded CSNPs is much higher compared to the free form of
the drug (Lee et al., 2019). The in-vitro, in-vivo correlation
indicates that the CSNPs-loaded formulation increases the
rate of drug penetration through the skin and maintains the
drug’s sustained release mechanism. It signifies that
CSNPs may act as a depot and deliver Fluticasone
propionate in a sustained manner (Ta er al., 2021).
Moreover, this relationship indicates that the percentage of
drug permeation and the percentage of drug absorbed
through the skin showed a point-to-point regression.
Hence, the in-vitro drug permeation study is not
statistically significant (p>0.05) compared with the in-vivo
permeation study.

CONCLUSION

Fluticasone propionate-loaded CSNPs were magnificently
assembled by the ionic-gelation method. The results
showed key NP characteristics, including particle size, zeta
potential, and surface morphology. The formation of NPs
and the interaction of the polymers with drug molecules
were confirmed by the FTIR. Surface morphology was
examined using SEM. Drug release study indicating higher
skin permeation. Overall, the results indicate that a CSNP-
loaded film can enhance the skin permeation and
bioavailability of fluticasone propionate.
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