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ABSTRACT: Transdermal delivery is a potential alternative route
to oral administration for drugs associated with stomach discomfort,
such as flurbiprofen, a widely nonsteroidal anti-inflammatory drug
(NSAID). This study aimed to design solid lipid nanoparticle
(SLN) transdermal formulations of flurbiprofen. Chitosan-coated
SLNs were prepared by the solvent emulsification method, and their
properties and permeation profiles across the excised rat skin were
characterized. The particle size of uncoated SLNs was at 695 ± 4.65
nm, which increased to 714 ± 6.13, 847 ± 5.38, and 900 ± 8.65 nm
upon coating with 0.05, 0.10, and 0.20% of chitosan, respectively.
The drug association efficiency was improved when a higher
concentration of chitosan was employed over SLN droplets that
endowed a higher affinity of flurbiprofen with chitosan. The drug
release was significantly retarded as compared to the uncoated entities and followed non-Fickian anomalous diffusion that was
depicted by “n” values of >0.5 and <1. Also, the total permeation of chitosan-coated SLNs (F7−F9) was significantly higher than
that of the noncoated formulation (F5). Overall, this study has successfully designed a suitable carrier system of chitosan-coated
SLNs that provide insight into the current conventional therapeutic approaches and suggest new directions for the advancements in
transdermal drug delivery systems for improved permeation of flurbiprofen.

1. INTRODUCTION
Conventional dermal formulations possess various limitations
that include but are not limited to loss of dosage due to
atmospheric deterioration, limited bioavailability (1.0−15%),
and variation of release characteristics of the dried residue from
the originally applied ones.1 These formulations exhibit poor
penetration abilities through the dead keratinized stratum
corneum layer of the skin.2 On the other hand, oral therapeutic
administration can be a challenge for the disabled or elderly,
young children, or unattainable for unconscious patients in a
coma, while intravenous drug delivery carries the risk of
infections and necessitates qualified people.3

The alternative noninvasive approaches to transdermal drug
delivery systems are envisaged as promising approaches to
enhance and control drug transport across the skin, thus
overcoming the aforementioned previous limitations while
improving the safety and efficacy of marketed drugs.4 The
practical advantages of transdermal drug delivery are the
avoidance of a chemically hostile environment of the
gastrointestinal tract, first-pass metabolism in the liver, and
drug-associated limitations like a narrow therapeutic index and
short biological half-life.5 In this approach, active ingredients
are applied to the skin in the form of spray, gel, or patches and

transported in a noninvasive manner that enables less risk of
overdose, stable blood levels, greater stability of the active
ingredient, and prolonged therapeutic effect.6 Therefore,
attempts to transform existing drugs into user-friendly
transdermal dosage forms have been widely taking place to
improve adherence and tolerance, reduce dosing frequency,
obtain sustained drug release, use in a diverse population, and
minimize central nervous system adverse effects.7 These
advantages of transdermal drug delivery compel pharmaceut-
ical scientists to take a keen interest in the skin as the site of
drug delivery for both local and systemic effects.

SLNs, as an alternative to conventional carriers, such as
liposomes and nanoemulsions, were initially introduced as
drug carriers in 1991.8 Superiorly to the ordinary carriers,
SLNs possess advantages, including sustained drug release,
high physical stability, and the capability of scaling up with
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negated use of organic solvents.9 SLNs are basically
synthesized from a solid lipid core and a monolayer of
surfactant shell. Bioactive compounds, especially lipophilic
molecules, can be embedded into the solid lipid matrix.10

Among nanocarriers, SLNs are highly promising drug delivery
systems applied for effective protection and controlled release
of bioactive molecules from external conditions while
exhibiting excellent biodegradability and low toxicity.11

These carriers are mainly prepared from physiological lipids
dispersed in an aqueous solution and aided with a surfactant.12

The preparation process of SLNs is simple, with the ability to
be conducted under sterile conditions and the capability to
incorporate both hydrophilic and lipophilic drugs.13 The SLNs
exhibit high stability and can be effectively utilized in
controlling and site-specific drug-targeting delivery due to
their small size and relatively narrow size distribution.14 Since
these nanovectors are made of physiological lipids, their acute
and chronic toxicities are minimized.15 SLNs enable utmost
control over the release profile and protect sensitive lipophilic
drugs from environmental degradation compared to liquid
lipid carriers.16 The physicochemical properties of SLNs
exhibit a fundamental role in transdermal drug delivery,
where the binding function is mainly governed by particle
charge, whereas internalization is mediated by the size and
shape of entities. Other features like viscosity, density, and
surface tensions can also influence attachment, internalization,
and retention of drugs in the skin.17

Biopolymer coating and surface modification of SLNs have
been used to improve interactions between the cells and SLNs
that mediate cellular uptake and enhance the SLNs’ delivery
efficiency.18 Pharmaceutically, the natural polymer chitosan has
shown an increasing interest in different formulations.19 It is a
natural polysaccharide derived from chitin by means of partial
deacetylation. Chitosan is extensively utilized in various fields,
including food, cosmetics, and agricultural industries, owing to
its excellent biodegradability, biocompatibility, and toxicolog-
ical safety.20 Recently, chitosan has emerged as a coating
material in the area of pharmaceutical nanotechnology for
many carriers, such as metal nanoparticles, polymeric nano-
particles, and SLNs.21−23 Reports have attributed the
physicochemical property alteration of these nanoparticles to
the positive charge endowed by chitosan to the nanocarrier
surfaces.24 Elaborating cell interactions and tissue penetration,
extending drug release, improving physicochemical stability,
and improving bioavailability and drug efficacy were found
after nanoparticle chitosan coating.25−27

Flurbiprofen is a potent anti-inflammatory drug that
possesses poor skin permeability, while the oral dosage forms
are associated with adverse effects like gastrointestinal
ulceration, constipation, and bleeding. It has a short half-life
of 3.9 h, requiring frequent oral dosing. The pharmacokinetic
analysis has shown that topically applied flurbiprofen can
achieve higher drug concentration within the target tissues
(tendon, muscle, periosteal, and fat tissues) with respect to
orally administered flurbiprofen administered under the
regulatory approved dosing guidelines.28 Therefore, the
current study attempts to prepare chitosan-coated SLNs to
improve the skin permeability of flurbiprofen by means of
permeation enhancer properties of chitosan, small particle size,
and lipoidal nature of SLNs.

2. MATERIALS AND METHODS
2.1. Chemicals. Flurbiprofen was supplied by Fozan

Pharmaceuticals (Peshawar, Pakistan). Stearic acid (Sigma-
Aldrich) was used as a solid lipid. Tween 80 (Sigma-Aldrich)
was used as an emulsifier, and ethanol (Sigma-Aldrich) was
used as a cosurfactant. Low-molecular-weight (50000 daltons)
chitosan (Sigma-Aldrich) was used as the coating material.
2.2. Animals. In this study, all animal experiments

complied with the guide of the National Institutes of Health
for the laboratory use and care of animals (NIH publications
No. 8023, revised 1978). The approval of the experimental
protocol was given by Institutional Animal Ethics Committee,
Gomal University (approval no. 204/QEC/GU dated 18/05/
2020). Thirty healthy male Albino Wister rats at the age of 14
weeks (weighing 250 ± 30 g) were purchased from the animal
house, Gomal University, housed in plastic cages at room
temperature with 12 h light/dark cycle, fed with standard chew
diet and water ad libitum, and kept in isolation for 7 days.
2.3. Preparation of Solid Lipid Nanoparticles. The

SLN was prepared by the solvent emulsification evaporation
method as described previously.29 The formulation was first
optimized using different amounts of surfactant (Tween 80)
and cosurfactant (ethanol). The optimized clear homogeneous
preparation was then coated with different concentrations of
chitosan (Table 1). Briefly, 1.0 g of stearic acid was melted in a

water bath at 70 °C. Flurbiprofen (0.05 g) was then added
with continuous magnetic stirring at the same temperature.
Later, ethanol (20 g) was then added to get the lipid phase.
The aqueous phase was prepared by adding 1.5 g of Tween 80
to distilled water and stirring continuously for 1 h at 70 °C.
The lipid phase was added dropwise to an aqueous phase with
continuous magnetic stirring to obtain the final formulation.
The complete removal of ethanol with continuous magnetic
stirring at 70 °C has negated the possible aggregation. The
resultant colloidal dispersion was homogenized using a
homogenizer (Ultra-Turrax, T45, DX, Japan).
2.4. Characterization of the Prepared SLNs. The

selected SLN formulations (F5 and F7−F9) were charac-
terized for their size, size distribution, charge, pH, density,
surface tension, viscosity, morphology, drug content, entrap-
ment efficiency, and drug release behavior.

2.4.1. ζ Potential. The zeta potential of the SLN droplets
was determined using a Zetasizer Nano ZS90 (Malvern
Instruments; Worcestershire, U.K.) at 25 ± 1 °C using a
sample quantity of 700 μL loaded in the folded capillary cell
integrated with a gold electrode. Three measurements were

Table 1. Composition of Tested SLN Formulationsa

formulation
drug
(g)

stearic
acid (g)

tween
80 (g)

ethanol
(g)

chitosan
(g)

distilled
water (g)

F1 0.05 1.00 1.00 15.00 0.00 82.95
F2 0.05 1.00 1.50 15.00 0.00 82.45
F3 0.05 1.00 2.00 15.00 0.00 81.95
F4 0.05 1.00 1.50 15.00 0.00 82.45
F5 0.05 1.00 1.50 20.00 0.00 77.45
F6 0.05 1.00 1.50 25.00 0.00 72.45
F7 0.05 1.00 1.50 20.00 0.05 72.40
F8 0.05 1.00 1.50 20.00 0.10 72.30
F9 0.05 1.00 1.50 20.00 0.20 72.10

aNote: F5 was optimized formulation, which was then coated with
chitosan (F7−F9).
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conducted, and the results are shown as mean ± standard
deviation.

2.4.2. pH. The pH of the prepared SLNs was evaluated
using a pH meter (Accumet meter 21039, Denver Instru-
ments) at 25 ± 1 °C after calibration of the instrument with
known buffer solutions of pH 3, 7, and 9. The readings are
shown as mean ± standard deviation of triplicate results.

2.4.3. Density/Specific Gravity. The density of the SLNs
was calculated using a common laboratory pycnometer at 25 ±
1 °C. The weight of a known volume of an empty pycnometer,
the weight of the pycnometer with water, and the weight of the
pycnometer with SLNs were determined using an electronic
balance (AX120, SHIMADZU, Japan). The density and
specific gravity of SLN formulations were then calculated
using eqs 1−3, respectively

W Vdensity of water /2= (1)

W Vdensity of SLNs /3= (2)

specific gravity of SLNs density of SLNs/density of water=
(3)

where V is the volume of the pycnometer, W1 is the weight
of the empty pycnometer, W2 is the weight of the water-filled
pycnometer, and W3 is the weight of the SLN-filled
pycnometer.

2.4.4. Surface Tension. The surface tension of the
formulations was determined using a commonly used
laboratory stalagmometer (Louisiana). The distilled water
was filled up to mark A and then allowed to flow drop-by-drop
up to mark B. The number of drops was calculated and taken
as mean ± SD of triplicate results. The same procedure was
repeated for the SLN formulations. Density was calculated as
mentioned earlier in Section 2.4.3 The surface tension was
calculated using eq 4 at 25 ± 1 °C.

n n( )1 1 1 2 2 2= × ÷ × × (4)

where γ1 is the surface tension of the SLN sample; γ2 is the
surface tension of deionized water, i.e., 72.8 dynes/cm; δ1 is
the density of the SLN sample; δ2 is the density of distilled
water; n1 is the number of drops of the SLN sample; and n2 is
the number of drops of distilled water.

2.4.5. Viscosity. The viscosity of the formulations was
calculated using an Ostwald viscometer provided with capillary
tube type B (Poulten Selfe & Lee Ltd., Essex, U.K.). The
viscometer was washed, cleaned, and dried. The apparatus was
fixed on a vertical stand. Distilled water was filled up to mark A
and allowed to flow from point A to B, and the time was
recorded. The same procedure was repeated for SLN
formulations. The viscosity of the prepared SLNs was
calculated using eq 5.30 All readings were taken as mean ±
SD at 25 ± 1 °C of triplicate results.

t d t d( )1 1 1 2 2 2= × × × (5)

where η1 is the viscosity of the provided SLN sample, η2 is the
viscosity of deionized water, t1 is the time of flow of the SLN
sample, t2 is the time of flow of deionized water, d1 is the
density of the SLN sample, and d2 is the density of deionized
water.

2.4.6. Morphology. The detailed structure of both uncoated
and coated SLNs was observed using a scanning electron
microscope (SEM, JSM 910, JEOL Japan). The SLNs were
centrifuged at 12000 rpm for 5 min to remove the aqueous

phase from the dispersed SLNs. Osmium tetroxide (3 drops)
was added to the sediment as a fixation medium and was kept
at 8 °C for 2 h. The sample was diluted with 0.1 M phosphate
buffer as a washing medium. The process of washing and
centrifugation was repeated twice. The samples were then
dehydrated using acetone. Then, an aliquot of SLNs was put
on the carbon film using a 400 mesh copper grid for analysis.
The selected areas were photographed at an accelerating
voltage of 20 kV and a magnification level of 20000×.

2.4.7. Drug Content and Entrapment Efficiency. The drug
content and entrapment efficiency were determined using a
UV spectrophotometer. Exactly 1 gram of SLNs was taken in
an Eppendorf tube (Cat no 007103; SCILOGEX) and
centrifuged (D3024, SCILOGEX) at 13 000 rpm for 15 min.
The supernatant (0.5 mL) was suitably diluted with phosphate
buffer pH 7.4. The sample was then stirred for 10 min at 1000
rpm with a magnetic stirrer. The absorbance was recorded at
ƛmax of 248 nm31 using a UV spectrophotometer (UV-1601,
SHIMADZU, Japan).

The sediment was mixed with 1 mL of methanol and
vortexed for 5 min to extract the entrapped drug from the
SLNs. It was diluted with phosphate buffer (pH 7.4) and
further stirred for 10 min. The absorbance was recorded at ƛmax
of 248 nm using a UV−visible spectrophotometer. The drug
content which is the quotient of drug concentration with
respect to the total amount of drug-loaded SLNs is calculated
as the sum of the drug in both supernatant and sediment.32

The drug entrapment and association efficiencies were
calculated using eqs 6 and 7, respectively.33

drug entrapment efficiency

(added drug free drug)/(drug added) 100= [ ] ×
(6)

drug association efficiency

(free drug entrapped drug)/(total drug) 100= [ + ] ×
(7)

2.4.8. FTIR Analysis. The FTIR analysis of drug, chitosan,
and SLNs was carried out using attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR,
L1600300 spectrum TWO LITA, Llantrisant, U.K.). Briefly,
3 mg of the liquid SLN drops was put on a germanium
diamond disc. The sample was scanned over a wavelength
range of 400−4000 cm−1. The force gauge of 40 N was applied
in the case of solid samples. The characteristic peaks of IR
transmission spectra were recorded in triplicate.

2.4.9. Drug Release. The release profile of both coated and
uncoated SLNs was determined using a Teflon membrane
(Chromacol) having a pore size of 0.45 μm as partitioning
media between the donor and recipient compartments of Franz
diffusion cell (Perme Gear, Inc., No: 4G-01-00-15-12, India;
diffusion area = 1.767 cm2). The receptor compartment was
filled with 5.0 ml of freshly prepared phosphate buffer pH 5.5
as simulated skin fluid with a temperature of 32 ± 2 °C. The
samples (1 mL) were taken at different time intervals from the
receptor compartment and similarly replaced using the same
amount of phosphate buffer. These samples were analyzed
using a UV spectrophotometer (UV-1601 SHIMADZU,
Japan). All of the results were recorded as mean ± SD of
triplicate analysis. The mechanism of drug release was
described by fitting the release data into the power law kinetic
model and expressed in eq 834
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M M K t/t
n= (8)

where Mt and M∞ show the fraction of drug released after
time t; K is the release rate constant; and n represents the
exponential value of the release exponent that determines the
release mechanism, where n = <0.543 depicts the quasi-Fickian
diffusion mechanism, n = 0.43 depicts the Fickian diffusion
mechanism, n = 0.43 to < 0.585 depicts the drug release
mechanism of anomalous, non-Fickian transport for spherical
systems, n = 85 depicts case II transport or zero-order release
mechanism, while n = 0 to > 85 shows the zero-order release
mechanism or super case II transport.

2.4.10. Drug Permeation Study. The rats were sacrificed by
cervical dislocation, and the abdominal skin was shaved to
remove the hairs. The skin was then surgically isolated from
the abdominal area, and subcutaneous fat was removed. The
skin (thickness = 0.80 ± 0.09 mm) was measured by a digital
Vernier caliper (MITUTOYO, Japan), washed with 0.9% w/v
sodium chloride physiological solution, wrapped in an
aluminum foil, and stored for further study.

The skin was clamped between the donor and recipient
compartments of Franz diffusion cell (Perme Gear, Inc.
No:4G-01-00-15-12) in such a manner that the epidermis
faces the formulation and dermis layer toward the receptor
compartment. The phosphate buffer pH 7.4 was filled into the
recipient compartment having 7 mL capacity to provide sink
condition. The diffusion cells were maintained at 37 ± 2 °C
using a recirculating water bath. The quantity of formulation
containing exactly 491 μg of flurbiprofen was applied to the
skin on the donor compartment. The aliquots (1 mL) of the
fluid in the receptor chambers were withdrawn for analysis at
different time intervals, which were then similarly replaced with
fresh solvent. The samples were analyzed using a UV−visible
spectrophotometer, and the results are shown as mean ± SD.
The cumulative amounts of flurbiprofen permeated through rat
skins were plotted as a function of time.
2.5. Statistical Analysis. All analyses were carried out in

triplicate, and the results are shown as mean ± standard
deviation. The data were analyzed using SPSS software version
18 (SPSS Inc., Chicago). ANOVA and/or Student’s t-test with
p < 0.05 indicates a statistically significant difference denoted
by p < 0.05.

3. RESULTS AND DISCUSSION
3.1. Preparation of SLNs. The SLNs were prepared using

stearic acid as the physiological lipid that is widely available, is
relatively cheap, and dissolves soluble flurbiprofen.35 Tween 80
was added as an emulsifier due to its HLB value, surface
tension-reducing properties, stearic ability, nonionic nature,
and improved permeation enhancement attribute.36 The
particle size determined using photon correlation spectroscopy
for the optimized SLN formulation (F5) was larger as
compared to their SEM results (Table 2 and Figure 1). The
particle size of coated formulations increases with the

increasing concentration of chitosan in formulation.37 Though
particles of approximately 600 nm are required for optimum
transdermal drug delivery,38 the results have shown that
lipoidal particles of 695−900 nm (that were actually smaller as
per scanning electron microscopy findings) can optimally
penetrate through the skin layers due to the synergistic
permeation enhancer effect of Tween 80 and chitosan along
with increased absorption properties of solid lipids (Table 2
and Figure 3). Since the chitosan-decorated particles were
mostly heterogeneous, as depicted by their polydispersity index
values of greater than 0.5 (Table 2), smaller particles could
have been responsible for improved permeation.
3.2. Physicochemical Evaluation of the Prepared

SLNs. The uncoated SLNs with a zeta potential of −30 mV
were found to be stable due to the prevention of aggregation
and Ostwald ripening by a mechanism of repulsive forces
between similarly charged particles.39 In the case of chitosan-
coated formulations, the zeta potential turned positive due to
free amino groups of chitosan, which is further expected to
increase drug permeation mediated by electrostatic interaction
with the negatively charged biological membranes.40

The physiological pH of the skin ranges from 4.9 to 5.9,
while any disturbance due to applied formulations can favor
bacterial growth (specifically staphylococcus aureus), resulting
in inflammation, irritation, and enzymatic disturbances.41 The
pH of prepared SLNs was in the range of 4−6, being accepted
for the application as a transdermal system (Table 3).

The surface tension is the force at the interface between two
immiscible layers. The skin possesses surface tension of 27−28
dynes/cm that allows molecules of similar or fewer values of
surface tension to adhere to the skin surface. SLNs are capable
of reducing the interfacial tension between the skin and the
loaded drug, thereby improving permeation across the stratum
corneum.42 These formulations spread easily on the skin
surface and provide an increased surface area for permeation.
The surface tension of the pharmaceutical formulation can also
give a good prediction of drug release from the product.43 The
higher values of prepared SLNs’ surface tension were
attributed to the increased chain length of carbons in stearic
acid, which is agreeable with previous reports (Table 3).44,45

The density affects the dynamic properties of the
formulation and is a quotient of the weight-to-volume ratio.
The density values of all optimized formulations were close to
the unity of the density of deionized water (1 gm/cm3). This is
due to the fact that deionized water has been used as an
aqueous phase forming the bulk of formulations. The higher
density of chitosan-coated formulations (F7−F9) could be
regarded as an increased mass median volume diameter and
hence an enlarged surface area as compared to the
formulation’s weight (Table 3). The viscosity of the SLNs
has been shown to be the product of an oily component,
surfactants, and aqueous phase concentrations, and all
parameters contribute to deciding the final consistency of
prepared SLNs. The chitosan-coated formulations were more
viscous as compared to coating-free SLNs, and water has a
viscosity of 1.004 m2/s × 10−6. Formulations of higher
viscosity could improve the retention of drugs in the stratum
corneum layer of the skin (Table 3).

An optimized lipid concentration is required for the
optimum entrapment of the drug.29 Keeping in view the
solubility of flurbiprofen in stearic acid, the drug content was
found to be in the range of 0.40 to 0.49 mg/mL, whereby more
than 80.0% of the drug was entrapped in the coated and

Table 2. Size, Polydispersity Index, and ζ Potential of the
SLNs

formulation size (nm) PDI charge (mV)

F5 695 ± 4.65 0.125 −30.00
F7 714 ± 6.13 1.000 0.0032
F8 847 ± 5.38 1.000 0.3800
F9 900 ± 8.65 1.000
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uncoated SLNs. The entrapped drug was expected to provide a
slow release of the drug from prepared SLNs. Drug lipid
affinity affects drug entrapment and association efficiency;
hence, an improved drug entrapment could be attributed to the
affinity of stearic acid and flurbiprofen, as shown in Table 3.46

3.3. Drug Release and Release Kinetics. The release of
drugs from chitosan-coated SLNs was significantly retarded as

compared to uncoated ones (Figure 2; ANOVA: p < 0.05).
This could be explained by the decreased solubility of chitosan
at physiological pH. The increased particle size of the chitosan-
coated formulation can also contribute to controlling drug
release from coated formulations (F7−F9). The drug entrap-
ment efficiency of chitosan-coated formulations was higher and
prolonged drug release from the coated SLNs. The drug

Figure 1. Scanning electron microscopy images of SLNs (F5) and SLN-coated chitosan (F7, F8, F9).

Table 3. Physicochemical Characteristics of Flurbiprofen-Loaded SLNs

code pH
surface tension
(dynes/cm2)

density
(kg/m3)

viscosity
(m2/s)

drug content
(mg/mL)

entrapment efficiency
(%)

association efficiency
(%)

F5 4.45 ± 0.9 77.24 ± 0.3 0.84 ± 0.2 1.45 ± 0.4 0.49 ± 0.2 75.96 ± 0.3 97.95
F7 4.20 ± 0.8 79.31 ± 0.5 0.96 ± 0.1 1.54 ± 0.3 0.49 ± 0.1 81.30 ± 0.1 96.11
F8 5.90 ± 0.5 88.66 ± 0.3 0.98 ± 0.3 1.55 ± 0.3 0.48 ± 0.1 82.17 ± 0.2 94.65
F9 6.10 ± 0.8 93.14 ± 0.5 0.99 ± 0.1 1.71 ± 0.2 0.40 ± 0.3 83.01 ± 0.3 80.26

Figure 2. Cumulative percentage drug release from manufactured SLNs.
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release patterns from the SLNs were determined using the
power law kinetic model. The n value indicates the exponent of
fractional drug release. When the n value is greater than 0.5
and less than 0.89, it indicates anomalous non-Fickian
diffusion.47 The n values of F5 to F8 were >0.5 and less
than 1, which depicts the non-Fickian anomalous diffusion
mechanism of drug release, whereas the n value of F9 was at
0.917 that approached nearly ideal zero-order kinetics,
depicting that the release from SLNs is primarily associated
with controlled swelling of chitosan (Table 4).48

3.4. Ex Vivo Permeation Study. The permeation of
chitosan-coated SLNs (F7−F9) was significantly higher than
that of the noncoated formulation (F5) (Figure 3; ANOVA: p
< 0.05). The flux rate for 24 h permeation study was found to
be at 29.46, 41.00, 33.04, and 33.43 (percent/cm2·h) for F5,
F7, F8, and F9, respectively. The increased permeation was
attributed to the interaction of the positively charged chitosan
with the negatively charged lipid and protein domains of the
skin stratum corneum.49 The above interaction may cause
disorganization of skin lipids and alter secondary structures,
thereby resulting in larger pores and increased permeation by
intercellular and/or transcellular route. On the other hand,
Tween 80 enabled lipid packing fluidization, skin lipid
extraction, and increased water content of the stratum
corneum.50 The summative effects reduce the barrier function
of the epidermis, thereby facilitating transdermal drug

transport. The negative charge of F5 could also be responsible
for retarded drug permeation through the negatively charged
skin surface. The abrupt increase in permeation after 16 h was
due to supersaturation that induced skin penetration and
permeation of lipophilic drugs like flurbiprofen.51

3.5. ATR-FTIR Analysis. The FTIR analysis of pure drug,
polymer, and formulations was carried out to confirm the
interactions of the drug with formulation excipients. The main
peaks for pure drug (flurbiprofen) were observed at wave-
numbers 1217, 1321, 2973, and 3670 cm−1 representing
aromatic ring, C�C stretching, a carboxyl group (COOH),
and asymmetric CH2, respectively.52 The peaks at wave-
numbers 3363 and 2988 cm−1 were also observed in optimized
formulations (Figure 4). The additional peaks that appeared at
the wavenumber 1635 cm−1 in optimized formulations were
ascribed to the presence of chitosan.53 Incorporation of the
drug into the SLNs had negated effects on their functional
groups. This indicates that there is no interaction between the
drug and polymer (chitosan) used in the present study.

The success of designed chitosan-coated SLNs has been
elaborated from the chemical compatibility of formulation
components based on FTIR analysis. The physicochemical
properties of SLN, including pH, viscosity, and drug content,
were found to be optimum for skin drug application. Similarly,
the release and permeation analysis have shown preferential
deposition in the skin for transdermal application.

4. CONCLUSIONS
The study has successfully synthesized flurbiprofen-loaded
SLNs for transdermal drug delivery by the solvent
emulsification method. Both chitosan-coated and uncoated
SLNs achieved suitable physicochemical characteristics for
administration through the skin. The in vitro release study
depicted sustained release behavior due to the encapsulation of
the drug within the solid lipid. The release was further retarded
when chitosan was used as a coat over the negatively charged
droplets of stearic acid. The uncoated SLNs bear a negative
charge, whereas chitosan brought a positive charge on the
surface of the nanoentities. The reduced viscosity and surface
tension, along with the lipophilic nature of the drug-loaded
SLNs, have resulted in enhanced permeation of the drug
through the skin. The formulation components demonstrated
the absence of interaction with the polymer and encapsulated

Table 4. Kinetic Models and Mechanism of Drug Release
from Both Coated and Uncoated SLNs

power law kinetic model

formulations K ± SD R2 n release Mechanism

F5 0.053 ± 0.1664 0.9192 0.609 anomalous
non-Fickian
diffusion

F7 0.018 ± 0.3153 0.9178 0.616 anomalous
non-Fickian
diffusion

F8 0.217 ± 0.5604 0.9465 0.665 anomalous
non-Fickian
diffusion

F9 3.436 ± 8.144 0.9776 0.917 anomalous
non-Fickian
diffusion

Figure 3. Cumulative permeation percentage of the drug through the skin.
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drug, as confirmed by ATR/FTIR analysis. Overall, both
chitosan-coated and uncoated formulations can achieve
optimum drug permeation due to lipoidal interaction between
solid lipid and phospholipid bilayers of the skin.
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