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Indomethacin (IMC) is a nonsteroidal anti-
inflammatory drug (NSAID). The major drawbacks
of using oral drug delivery are oral and gastroin-
testinal side effects (1-3). Indomethacin has been
shown to be very appropriate for topical delivery
(4). Moreover, it is a suitable candidate for formula-
tion in topical pharmaceutical dosage forms based
on in vitro topical anti-inflammatory activity (5).
The amorphous state of indomethacin presented a
high permeation rate across hairless rat skin (6).
However, the poor solubility of the IMC is still the
limitation of formulation preparation. The delivery
systems, which have been used to overcome the
drug solubility problem, include loaded nanostruc-
tured lipid carriers, nanoparticle-based topical gel,
and nanostructure supramolecular hydrogel (7-10).
The encapsulation system promoted more safety and
more drug availability at the site of action (10).

A phospholipid complex is an encapsulation
system and widely used in topical delivery that
includes scar tissue to skin cancer (11-13). This sys-
tem has given very effective permeation enhance-

ment in both hydrophilic and lipophilic drugs (14).
Natural lipids such as lecithin obtained from egg
yolk or soybean have been used for incorporation in
phospholipid complex drug delivery systems. The
lecithin from egg yolk gives superior properties for
topical use in terms of pH; the pH decreases (5.8 to
4.0) as the lecithin concentration increases (0.5 to 10
mg/mL) (15). Even, the hydration effect obtained by
the egg phospholipid complex was significantly
higher than a soya phospholipid complex according
to an in vivo test (16).

A cholesterol incorporation system showed
improved rigidity and stability of a phospholipid
complex (17-18). The vesicleís elasticity indicated
by both Youngí modulus and the bending modulus
was increased in the cholesterol modified vesicle
compared with the unmodified system (18). How-
ever, the concentrations of cholesterol and phospho-
lipid should be optimized to adjust the stability and
the degree of destabilization of the system (17).
Ethanol enhances the permeability, and an increased
concentration of ethanol in the formulation incre-
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ased the permeation across the fully-interdigitated
membrane (dipalmitoyl phosphatidyl-choline/cho-
lesterol binary mixture) (19). The presence of
ethanol also showed a larger phospholipid complex
due to a decrease in the interfacial tension or the
induction of interdigitation (16). 

KollidonÆ VA64 is a vinyl pyrrolidone/vinyl
acetate copolymer at a ratio of 6 : 4. It has several
pharmaceutical applications such as a tablet binder,
a granulating agent, and a film former (20). This co-
povidone polymer exhibited a very good safety pro-
file in animal carcinogenicity and chronic toxicity
tests (21). Moreover, PVP had been developed as an
ammonia sensor film, and PVP alone showed a
smoother surface compared to modified PVP with
graphene oxide (22).

However, till date, none of the phospholipid
complex-based NSAID formulations have become
part of a developed vaporized product, which could
construct a thin layer of the film after spraying.
Therefore, the main objective of this study was to
formulate a highly permeable indomethacin phos-
pholipid complex using KollidonÆ VA64 as the film-
forming polymer and pressurize the formulation via
a filling method with HFA-134a. The physicochem-
ical properties of the sprayed film and the droplets
were evaluated. The cytotoxicity studies and in vitro
permeability of the film formulation were performed.

EXPERIMENTAL

Chemicals, reagents and other supplies

IMC, lecithin, and cholesterol were procured
from Sigma-Aldrich, St. Louis, USA. HFA-134a
was obtained from Mexichem UK Ltd., UK.
KollidonÆ VA64 was a generous gift from BASF
Chemical Company, Germany. All other reagents
and chemicals were of analytical grade. 

Preparations of IMC topical spray

Five formulations were prepared with IMC
(0.8% w/w) along with variable ingredients (Table
1). Lecithin, KollidonÆ VA64, menthol, and choles-
terol were dissolved and mixed in absolute ethanol
until a clear solution was obtained before adding the
IMC. Four mL of the formulation was pipetted into
a glass canister (Schott AG, Germany). Then a 50
µL metering valve was immediately crimp-sealed
onto the canister with an aerosol crimping and fill-
ing machine (model 2016, Pamasol Willi M‰der,
Switzerland). The canisters were then filled with 
8 mL propellant HFA-134a.

Imaging and contact angle measurement of spray

droplet 

The Olympus, BX61 polarized light micro-
scope was used for observation of spray droplets
under phase contrast mode. The formulation was
sprayed on a glass slide from a distance of 10 cm
before the observation of spray droplets and film
appearance. 

The static sessile drop method was measured
using a Contact Anglemeter (OCA 15 EC, Data-
physics Instruments GmbH, Germany). The angle
formed between the liquid-air interface is the con-
tact angle. Current-generation systems employed a
high-resolution camera and software to capture and
analyze the contact angle. The droplet was verti-
cally dropped down by a syringe pointed and
deposited onto the sample surface. The high-reso-
lution camera captured the image, which could
then be analyzed using image analysis software.
The size of the droplet increased gradually so that
it grew proportionally and the contact angle
remained. By taking pictures incrementally as the
droplet grew, the user could acquire a set of data to
get a good average. 

Table 1. Preparations of indomethacin (IMC) spray formulation (%w/w).

Ingredients F1 F2 F3 F4 F5

IMC 0.8 0.8 0.8 0.8 0.8

Ethanol 32.3 31.7 30.7 30.2 29.2

Lecithin - 0.5 0.5 0.5 0.5

Cholesterol - 0.1 0.1 0.1 0.1

Glycerol - - 0.5 0.5 0.5

KollidonÆ VA64 - - 0.5 1.0 2.0

Menthol 0.2 0.2 0.2 0.2 0.2

HFA134a 66.7 66.7 66.7 66.7 66.7
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Hydrodynamic size of IMC in simulated spray

product system

Particle hydrodynamic size was obtained using
a Zetasizer Nano ZS (Malvern, UK) at 25OC. The
measurement was set for backscatter detection at an
angle of 173O. The simulated spray product system
consisted of the IMC formulation and methylene
chloride in the ratio of 4 : 8. This mimicked a pres-
surized spray system as the dielectric constant and
polarity of methylene chloride are close to that of
the HFA-134a. A quartz cuvette was filled with 
1 mL of the simulated spray system and hermetical-
ly sealed. Each sample was analyzed in triplicate.

Scanning electron microscopy (SEM) and

Transmission electron microscopy (TEM) of the

IMC film 

The morphology of the sprayed film was
examined by SEM (JSM-5800 LV, JOEL, Tokyo,
Japan). The samples were sprayed on a cover glass
slide. The slides were then cut to visualize the cross-
section of the sprayed film. The IMC phospholipid
complex samples were dropped onto a 200 mesh
copper grid. The dried samples were kept in a desic-
cator overnight before examination by TEM (JEM-
2010; JEOL, Tokyo, Japan).

Fourier Transform Infrared Spectroscopy (FT-IR)

of indomethacin formulations spray

Infrared spectroscopy was used to identify the
interaction of IMC with other excipients using
potassium bromide (KBr) disc method. IMC formu-
lation was sprayed on dried KBr and carefully
mixed and compressed with 10 ton of hydraulic
press for 1-2 min into a pellet. The pellet was placed
in a magnetic holder. The FT-IR spectra were
recorded between 4000 and 400 cm-1 by an accumu-
lation of 16 scans using a Spectrum One (Perkin-
Elmer, MA, USA).

High-performance liquid chromatography

(HPLC) assay

Quantitative analysis of the IMC for the disso-
lution and permeation properties was assayed using
HPLC. The mobile phase was 25 : 75 of 2.0 mM
sodium acetate buffer and the methanol flow rate
was set at 1 mL/min. The system was separated with
reverse phase C18 as the stationary phase (ThermoÆ

RP18, 150 × 4.6 mm ID, 5 µm, USA) coupled to a
C18 guard column at 25OC with 10 µL injection vol-
ume and UV detection at 235 nm. The retention time
was about 10 min. The peak areas of standard con-
centration of IMC were determined to obtain the cal-
ibration curves. 

In vitro drug dissolution from the sprayed film

The dissolution study of the IMC topical
sprays was evaluated by modified Franz diffusion
cell. Three puffs of IMC were sprayed on a synthet-
ic cellulose acetate membrane, and the film was
dried for 5 min. The sprayed side of membrane was
allowed to be in contact with dissolution medium
(12.5 mL) of 1 M Hankís Balanced Salt Solution
(HBSS) (Sigma, USA) and 20 mM of 2-(N-mor-
pholino) ethane sulfonic acid (MES) (Sigma, MA,
USA) in an isotonic phosphate buffer pH 7.4 and
ethanol (80 : 20)) and maintained at 37OC. This
whole assembly was kept on a magnetic stirrer, and
the solution was stirred continuously using a mag-
netic bar at 400 rpm. Then, 200 µL aliquots of the
dissolution medium were replaced with fresh medi-
um at 30 min, 1, 2, 3, 4, 6, 8, 10, 12, and 24 h. The
concentration of IMC was determined by HPLC.
Dissolution studies were performed in triplicate.
The cumulative drug dissolution (Qt) was calculated
from the following equation.

Qt = Vr Ct + Σ
t-1

t=0
Vs Ci (1)  

where Ct is the drug concentration of the receiver
solution at each sampling time,  the drug concentra-
tion of the ith sample, and Vr and Vs are the volumes
of the receiver solution and sample, respectively
(23).

Cytotoxicity assay

Human keratinocytes (HaCaT) and fibroblasts
(BJ cells) were used to examine the effect of the
IMC spray formulations on cell viability. HaCaT
and BJ cells were cultured in Dulbeccoís Modified
Eagle Medium (Gibco, NY, USA) and Eagleís Mo-
dified Eagle Medium (Gibco, USA), respectively at
37OC with 5% CO2 and 95% humidity. These were
supplemented with 10% fetal bovine serum (Gibco,
NY, USA) and 50 units/mL of penicillin and 50
µg/mL of streptomycin (Gibco, NY, USA). 

The cells were seeded into a 96-well plate
(Corning Costar, NY, USA) at a density of 1 ◊ 105

cells/well. The cells were then incubated at 37OC
under 5% CO2 and 95% humidity for 24 h. The tox-
icity of the IMC spray formulations was investigat-
ed using the methyl thiazol tetrazolium (MTT)
assay. Culture medium was used as a control.
Briefly, IMC formulation was sprayed once into 
2 mL of the medium to produce a drug concentration
of 400 µg/mL. Aliquots (100 µL) were loaded into
96-well plates containing cells that were seeded for
18 h and incubated overnight. The medium was
replaced with 100 µL of the fresh medium along
with 50 µL of MTT solution and incubated at 37OC
under 5% CO2 for 4 h. The media containing MTT
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Figure 1. Spray pattern of IMC only (a), IMC phospholipid complex (b), IMC phospholipid complex with 0.5% PVP (c), IMC phospho-
lipid complex with 1% PVP (d) and IMC phospholipid complex with 2% PVP (e) under polarized light microscope at two magnifications
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Table 2. Hydrodynamic particle size of IMC mimic spray formulation (Mean ± SD, n = 3).

Formulation Hydrodynamic particle size (nm)

IMC only 610 ± 36

IMC Phospholipid complex 493 ± 28

IMC Phospholipid complex with 0.5% PVP 25 ± 7

IMC Phospholipid complex with 1.0% PVP 28 ± 7

IMC Phospholipid complex with 2.0% PVP 23 ± 8

Figure 2. Contact angle different film former concentration: IMC only (a), IMC phospholipid complex (b), IMC phospholipid complex
with 0.5% PVP (c), IMC phospholipid complex with 1% PVP (d) and IMC phospholipid complex with 2% PVP (e)

were removed, and 200 µL of dimethylsulphoxide
was added. The absorbance was determined by a
microplate reader at a wavelength of 570 nm. The
percentages of cell viability were calculated and
compared to the control.

IMC permeation across keratinocytes cells 

Human keratinocytes (HaCaT 105 cells) were
seeded into the donor compartment of a 6-well

TranswellÆ plate (Costar, Corning, NY, USA). The
cells were mounted between two diffusion half-cells
with a diffusion area of 0.64 cm2 with the epidermal
side facing the donor chamber. The TranswellÆ plate
was then incubated at 37OC with 5% CO2 for 21-25
days. The transepithelial electrical resistance of the
incubated cells was optimized at 300 Ω/cm2 before
further study. Transport medium at pH 7.4 (1 M
HBSS and 20 mM MES) was added into the receiv-
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Figure 4. TEM of IMC spray in the phospholipid complex formulation under 6000 × (a) and 2000 × (b) magnification

Figure 3. SEM characteristic of film over cover slide: IMC and ethanol (a), IMC phospholipid complex (b) and IMC phospholipid com-
plex with PVP (c)
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Figure 5. IR spectrum of IMC (Pure drug) (a), IMC in liposome (b), IMC in liposome and PVP 0.5% (c), IMC in liposome and PVP 1.0%
(d), IMC in liposome and PVP 2.0% (e) and Kollidon VA64 (PVP) (f)
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er phase. The samples were dissolved in 1.5 mL
transport medium and placed into the donor com-
partment. The permeation of IMC topical spray for-
mulations across the keratinocyte cells into the
receiver compartment was sampled at 10, 20, 30, 40,
50, and 60 min and further analyzed by HPLC.

RESULTS

The spray patterns and contact angles of formu-

lation

The droplet size and shape of the film are shown
in Figure 1. It was found that when the concentration
of PVP increased the droplets formed a fused film.
The larger contact angles were observed when PVP
concentration increased especially at 2% PVP (Fig. 2).

Hydrodynamic particle size of the IMC mimicked

formulation

The hydrodynamic particle sizes of the formu-
lations were in a range of 610 ± 36 to 23 ± 8 nm as
shown in Table 2. However, the formulations in a
phospholipid complex reduced the particle size (493
± 28 nm), particularly within a film-forming agent
PVP that the hydrodynamic size was significantly
reduced to 23 ± 8 to 28 ± 7 nm.

Formulation morphology under electron micro-

scopy

Figure 3 shows the SEM images of the dried
coated film of the IMC with different compositions.
The cross-section SEM images of the three samples
(IMC in ethanol, IMC in phospholipid complex, and

Figure 6. IMC release profiles: IMC only (black square), IMC phospholipid complex (black diamond), IMC phospholipid complex with
0.5% PVP (white circle), IMC phospholipid complex with 1.0% PVP (black circle) and phospholipid complex with 2% PVP (black trian-
gle) (mean ± SD, n = 3)

Figure 7. %Viability of the human keratinocyte cell line (HaCat) and human fibroblast cell line (BJ) after incubation with IMC only, IMC
phospholipid complex (IMC/PC), IMC phospholipid complex with various PVP contents (mean ± SD, n = 4)
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IMC in phospholipid complex with PVP) show dif-
ferences in their structures. The IMC spray pro-
duced 2-5 µm size of phospholipid complex (Fig. 4).
According to the TEM, the IMC was possibly cov-
ered by a shell of phospholipids.

The FT-IR spectrum of Indomethacin formula-

tions spray

The FT-IR spectrum of IMC, IMC in a lipo-
some, IMC in a liposome and Kollidon VA64 (PVP)
(0.5%, 1.0% and 2.0% w/w, respectively) and PVP
are shown in Figure 5. The IR spectrum of IMC
shows the O-H stretching and sharp peak of C=O
stretching at 3456 and 1689 cm-1, respectively. For
IMC in a liposome, the peak of O-H stretching at
3445 cm-1 and the sharp peak of C-H stretching at
2924 cm-1were obtained. For Kollidon VA64
showed the presence of peak stretching band of C-H
stretching at 2958 cm-1 and C=O at 1733 and 1662
cm-1, respectively. Pure IMC : Liposome : PVP mix-
tures, the peak of C-H stretching at 3421-3417 cm-1,
2924 cm-1 and the sharper peak of C=O stretching at
1733 and 1658-1647 cm-1 were obtained. Increasing
concentration of Kollidon VA64 raised the peak of
C-H stretching at 2924 cm-1 and C=O stretching at
1658-1647 cm-1.

In vitro IMC release profile

The phospholipid complex with 0.5% PVP
exhibited the highest drug release in comparison to
the other concentrations of PVP (Fig. 6). However,
the phospholipid complex without the PVP provid-
ed lower IMC release than the combined film-form-
ing agent.

Cytotoxicity assay

After incubation of HaCaT with the IMC for-
mulations, the percent viability of the cells was
higher than the IMC. The pure IMC expressed cyto-
toxicity to the human keratinocytes. The pure IMC
also expressed slight toxicity to human fibroblast
cells (Fig. 7). Whereas, the phospholipid complex
formulations provided a percent cell viability close
to 100%, which indicated the safety of the formula-
tions for topical administration. The incorporation
of PVP as a film-forming agent also showed no tox-
icity to the fibroblast cells. 

Transport assay

There is evidence that IMC can permeate
across keratinocytes. Figure 8 shows that the IMC
phospholipid complex formulation gave higher per-
meation than IMC alone. While the effect of the
film-forming agent retarded the drug permeation as
a thicker barrier (with 1% PVP and 2% PVP) gave
only 80% permeation at 24 h. 

DISCUSSION AND CONCLUSION 

The IMC-pressurized spray was successfully
developed by incorporation of phospholipid and a
film-forming agent. The incorporation of a phos-
pholipid and PVP miniaturized the spray droplets.
The viscosities of the formulations increased as the
PVP concentration increased. The phospholipid
complex may fuse the droplets together by an inter-
action between the phospholipid complex and PVP
present in the system. The larger contact angles
could stabilize the droplet formation that was sup-

Figure 8. Permeation of indomethacin (IMC) across with human keratinocyte cells: IMC only (black square), IMC phospholipid complex
(black diamond), IMC phospholipid complex with 0.5% PVP (white circle), IMC phospholipid complex with 1.0% PVP (black circle) and
IMC phospholipid complex with 2.0% PVP (black triangle) (mean ± SD, n = 3)
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ported by the spray pattern. Complete coverage of
the film on the glass slide was observed by SEM in
the PVP incorporated system. The IMC in ethanol
had crystallized particles that indicated particle pre-
cipitation after spraying. A smoother film formation
surface on the sampling slide was observed when
incorporating a phospholipid complex system with
PVP (22). It was not possible to measure the particle
size of the solution in the HFA-134a system. The
simulated system with a solvent of a similar dielec-
tric constant close to HFA-134a is methylene chlo-
ride. Thus, the measured particle size was the size of
spray formulation containing all ingredients except
the propellant HFA-134a which was replaced by the
methylene chloride. The addition of PVP reduced
the hydrodynamic particle size possibly due to the
properties of the PVP that help the IMC phospho-
lipid complex to form more spherical particles with
a smaller and more consistent size distribution (24).

Smooth film formation without IMC crystal-
lization was obtained under SEM. The phospholipid
complex and lipid-based system could protect the
IMC from precipitation and crystallization by the
encapsulating effect (25-27). Therefore, this system
could provide higher solubility of the IMC. TEM
results confirmed that the phospholipid complex
was formed as the spherical formation of the phos-
pholipid complex with the PVP after the formulation
had been sprayed from the pressurized system and
dried out (28-29).

The drug release from the sprayed film showed
that the lower PVP concentration gave better drug
release. Hence, a certain concentration of PVP may
prevent IMC release. The lowest IMC releases were
observed in the IMC phospholipid complex and
IMC alone. This might be due to an interaction
between IMC, liposome and Kollidon VA64. PVP
had improved the dissolution of the IMC phospho-
lipid complex related to the PVP concentration (30).
Since the PVP provides better film formation, it also
forms a barrier. At a certain concentration, it may
also retard the dissolution (31). This may be
explained by the IMC phospholipid complex that
cannot improve IMC release. 

The percent viabilities of the human ker-
atinocytes and fibroblasts demonstrated the safety of
the formulations over the pure IMC. The mechanism
of NSAID toxicity to fibroblast cells includes inhibit-
ing the production of hyaluronic acid, thereby reduc-
ing fibroblast activity (32-34). The inhibition of P-
glycoprotein by the IMC formulation may not lead to
cellular toxicity (35). There are many drug delivery
systems which have used a phospholipid complex to
reduce the drug toxicity during drug administration

(23, 36, 37). These results also confirmed the safety
of using PVP as the film-forming agent (38).
According to the results of cell viability, all formula-
tions provided almost 100% viability in the human
keratinocyte and fibroblast cell lines. The permeation
of IMC was increased by the phospholipid complex-
PVP incorporated formulation acted as a permeation
enhancer and through direct vesicle fusion (39).
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