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The aim of this study was to improve the transdermal permeation of Diclofenac sodium, a poorly water-soluble drug, employing
conventional liposomes, ethosomes, and transfersomes. The prepared formulations had been characterized for the loaded drug
amount and vesicle size. The prepared vesicular systems were incorporated into 1% Carbopol 914 gel, and a survey of in vitro drug
release and drug retention into rat skin has been done on them using a modified Franz diffusion cell. The cumulative amount of
drug permeated after 24 h, flux, and permeability coefficient were assessed. Stability studies were performed for three months. The
size of vesicles ranged from 145 to 202 nm, and the encapsulation efficiency of the Diclofenac sodiumwas obtained between 42.61%
and 51.72%. The transfersomes and ethosomes provided a significantly higher amount of cumulative permeation, steady state flux,
permeability coefficient, and residual drug into skin compared to the conventional liposomes, conventional gel, or hydroethanolic
solution. The in vitro release data of all vesicular systems were well fit into Higuchi model (RSD > 0.99). Stability tests indicated
that the vesicular formulations were stable over three months. Results revealed that both ethosome and transfersome formulations
can act as drug reservoir in skin and extend the pharmacologic effects of Diclofenac sodium.

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among
the most frequently prescribed drugs, which are used in
both acute and chronic symptoms of rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis, and dysmenorrhea
treatment because of their analgesic, antipyretic, and anti-
inflammatory roles. Their anti-inflammatory effect is due to
cyclooxygenases inhibition and the consequent reduction
of prostaglandin synthesis which leads to unfavorable side
effects specifically on the stomach via systemic administra-
tion. Therefore, some NSAIDs are administered transder-
mally to achieve local or systemic effect as an alternative
for oral and parenteral administration. Several formulation
approaches have been developed for NSAID’s transder-
mal administration [1–4]. The conventional pharmaceutical

dosage forms which are widely administered dermally are
gels, creams, and ointments. Cutaneous use of Carbopol
gels is beneficial as they possess good rheological properties
resulting in long remaining time at the site of administration
and high drug concentration on skin. Different approaches
have been performed to enhance the cutaneous passage of
drugs to overcome the low skin permeability. The most
frequently used approach is adding penetration enhancers
into formulations. In addition, there are literatures available
in which physical methods such as iontophoresis have been
used for improving skin delivery of drugs [5–12]. Recently,
topical delivery of drugs formulated in lipid vesicle forms had
attracted considerable attention. Liposomes are microscopic
spheres with an aqueous core surrounded by one or more
outer shell(s) consisting of lipids in a bilayer.They are accept-
able and improved carriers having ability to encapsulate both
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hydrophilic and lipophilic drugs. Liposomal formulations
are widely used in the pharmaceutical field as drug delivery
systems due to their flexibility and clinical efficacy. They
have been used in drug administration via several routes
such as oral, parenteral, ocular, and topical. Topical liposome
formulations act as a solubilizing matrix for poorly water
soluble drugs, as penetration enhancer and simultaneously
a local depot which can be more effective and less toxic in
comparison with conventional formulations. The liposomal
gel formulations can perform better therapeutic effects than
the conventional formulations, when their prolonged and
controlled release property may lead to improved efficiency
and better patient compliance. However, in most cases it
has been shown that conventional liposomes, because of
high drug deposition in the upper layers of the skin and
low penetration into the deeper layers, have low efficiency
as a carrier in transdermal drug delivery [13–16]. Elastic or
flexible liposomes, named transfersomes, were first described
by Cevc and Blume. They consist of phospholipids and a
single chain surfactant such as sodium cholate, deoxycholate,
Span 80 or Tween 80, which acts as an “edge activator” and
destabilizes the lipid bilayers, providing greater flexibility
comparing to the liposome. Transfersomes which contain
up to 10% ethanol have a total lipid concentration between
5 to 10% in the final aqueous lipid suspension [7, 17–20].
Ethosomes are other novel lipid carriers which are com-
posed of phospholipid and have high ethanol concentration
(20–40%). High ethanol content of ethosomes results in
being much smaller than liposomes, enhances solubility of
more lipophilic drugs, and causes to be more flexible than
liposomes. Besides these, disruption of intercellular lipid
structure of stratum corneum by the phospholipids improves
drugs permeation [21–24]. To the best of our knowledge,
adding both surfactant (transfersomes) and high proportion
of ethanol (ethosomes) into liposomal formulations may
enable them to improve the transdermal delivery of various
drugs compared to conventional liposomes. Although lipid
vesicles demonstrate a promising approach for transdermal
drug delivery, the practical application of these formulations
on the skin has low efficiency [19, 22, 25–30]. Therefore,
these vesicular systems can be incorporated into the gel
formulation and applied onto the skin. In the present study,
according to the aforementioned advantageous information,
we produced vesicular gels of Diclofenac sodium and inves-
tigated its characteristics and in vitro skin permeation.

2. Materials and Methods

2.1.Materials. Diclofenac sodium (CAS 15307-79-6) was sup-
plied by Alborz Company (Ghazvin, Iran). Disodium phos-
phate, monopotassium phosphate, ethanol, Carbopol 914,
soya lecithin, cholesterol, and Span 80 were obtained from
Merck Company (Darmstadt, Germany).

2.2. Preparation of Reference Formulations. Several solvent
systems have been developed to increase the solubility of
active ingredients.These solvents must incorporate with sub-
stances having different lipophilicity degrees. In this study,

reference hydroethanolic formulationwas prepared at labora-
tory scale and at room temperature by dissolving Diclofenac
sodium (1%w/w) in an ethanol : water (20 : 80) mixture.
The appropriate quantity of Carbopol 914 powder was dis-
persed into hydroethanolic solution containing Diclofenac
sodium (1%w/w) under constant stirring with magnetic
stirrer and allowed to hydrate for 24 h at room temperature to
swell. The dispersion was neutralized using triethanolamine
(0.5%w/w).

2.3. Preparation of Conventional Liposomes, Ethosomes, and
Transfersomes. Conventional liposomes are composed of
phospholipid and cholesterol. The most common phospho-
lipid is phosphatidylcholine obtained from soybean or egg
yolk. In the present study, liposomes were prepared by a
modified ethanol injection method. Briefly, phosphatidyl-
choline, cholesterol, and drug were dissolved in ethanol and
injected slowly into the aqueous medium under mixing by
homogenizer [31, 32].

As well as conventional liposomes, a range of structurally
similar vesicles have been developed, including ethosomes
and transfersomes.

Similar to liposomes, ethosomes are composed of phos-
pholipids but can contain 20–40% ethanol. Ethosomes were
prepared by first dissolving the lipids and drug in ethanol,
then adding the aqueous component slowly as a fine stream
undermixing by homogenizer for 60min [33–36].The elastic
liposomeswere prepared by rotary evaporationmethod using
Span 80 as surfactant, phospholipid, cholesterol, and drug.
The accurately weighed amounts of phospholipid, surfactant,
cholesterol, and drug were taken in a clean, dry, round-
bottom flask, and this lipid mixture was dissolved in small
quantity of chloroform-methanol mixture (3 : 1). The organic
solvent was removed by rotary evaporation under reduced
pressure at 45∘C. The deposited lipid film was hydrated
with drug containing aqueous solution by rotation for 1 hr
[19, 20, 37, 38]. Subsequently, processing by filter extrusion
method, small unilamellar vesicles were produced.

2.4. Preparation of Vesicular Gel. Topical vesicular gel for-
mulations were prepared incorporating vesicular dispersions
containing drug (separated from the unentrapped drug) into
the Carbopol gel under mechanical stirring.

A fixed concentration of Diclofenac sodium was used in
all formulations to make the vehicles effect on percutaneous
absorption comparable.

2.5. Characterization of Vesicles

2.5.1. Size Distribution. Mean particle size of vesicles was
determined by photon correlation spectroscopy using Shi-
madzu particle size analyzer model SALD 2101 (Japan).
Diluted liposome suspension was added to the sample dis-
persion unit while stirring at room temperature (in order
to reduce the inter particle aggregation). The assay has been
performed in triplicate.
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2.5.2. Encapsulation Efficiency Determination. The liposome-
encapsulated Diclofenac sodium was separated from unen-
trapped drug by dialysis method [31, 32]. Liposomes were
lysed with ethanol, and the released Diclofenac sodium was
assayed spectrophotometrically at 276 nm. The percent of
encapsulation efficiency (EE%)was then calculated according
to the following equation:

EE% =
drug content

total drug added
× 100. (1)

Each experiment has been done in triplicate, and the data
reported is the mean value.

2.5.3. Zeta Potential Determination. Surface charge of drug-
loaded vesicles was determined using Zetasizer (Malvern
Instruments, Malvern, UK). Analysis time was kept 60 sec,
and average zeta potential of the vesicles was determined.

2.6. Physical Stability Studies. Physical stability tests of the
prepared vesicles were carried out to investigate the aggre-
gation of vesicles and leakage of drug from them during
storage.The prepared Diclofenac sodium vesicles were stored
in transparent vials covered with plastic cap at ambient
temperature and 4∘C for three months. The physical stability
was evaluated by mean vesicle size, EE%, and zeta potential
measurement over a three-month period. Samples from each
vesicle were withdrawn monthly, and the particle size, EE%,
and zeta potential of the vesicles were measured as described
previously.

2.7. Skin Permeation and Drug Deposition Studies. Hairless
rat skin was used for in vitro transdermal permeation studies.
Rats were sacrificed using excessive diethyl ether as anesthe-
sia. Full thickness (1.2–1.4mm) ventral skin of male Wistar
rats (160 ± 25 g) was excised and shaved with an electric
shaver. Any extraneous subcutaneous fat was removed from
the dermal surface, and the skin was mounted between the
donor and receptor chamber of modified Franz diffusion cell
(the surface area available for diffusion was 2.51 cm2, and
receptor volume was 26 cm3) containing isotonic phosphate
buffered saline (PBS) (pH 7.4). Skins were kept in PBS for 6 h
to become saturated before they were used for permeation
studies. Accurately weighed different formulations (amount
equivalent to 200mgof drug)were applied on the skin surface
and spread by means of a spatula ensuring that there were no
air bubbles between the formulation and donor surface. The
receptor fluid was maintained at 37 ± 0.5∘C and continuously
stirred at 100 rpm using a magnetic stirrer. Receptor medium
(2mL) was withdrawn at specific time intervals over a 24 h
period and immediately replaced with fresh prewarmed
buffer. The samples were quantified using a validated HPLC
method [11]. Each formulation was investigated in 3 separate
cells.

This study was conducted in accordance with the Guide
lines of the Care and Use of Laboratory Animals of Tabriz
University of Medical Sciences, Tabriz-Iran (National Insti-
tutes of Health Publication no. 85-23, revised 1985).

2.8. Determination of the Amount of Remained Drug in the
Skin. At the end of the permeation experiments, the skin
was carefully removed from the Franz cell and the remaining
formulation on the skin surfacewas swabbed andwashed first
with PBS pH 7.4 and then with methanol. The procedure was
repeated twice to ensure that no traces of formulation were
left onto skin surface. The permeation area of the skin was
excised, weighed, and then cut into small pieces to extract
the drug content present in skin with ethanol. The resulting
solutions were centrifuged (1500 rpm), and the Diclofenac
sodium levels were measured and expressed as percent of
initially applied drug.

2.9. Calculation of Skin Permeation Parameters. The cumu-
lative amount of drug permeated per unit area was plotted
as a function of time. The flux was calculated from the
slope of the linear portion. The permeability coefficient (𝐾

𝑝
)

of Diclofenac sodium across rat skin was calculated using
relation derived from Fick’s first law of diffusion, which is
expressed by the following equation:

𝐾
𝑝
=

𝐽

𝐶

, (2)

where 𝐽 is the flux and 𝐶 is the drug concentration in donor
compartment.

2.10. Statistical Analysis. Data analysis was carried out using
Microsoft Excel 2010. Results are expressed as mean ±
standard deviation (𝑛 = 3). Statistically significant differences
were determined using the analysis of variance (ANOVA)
with 𝑃 < 0.05 as a minimal level of significance.

3. Results

3.1. Characterization of Liposomes. Themean size of prepared
conventional liposomes and ethosomes was 152 ± 21.3 nm
and 202 ± 20.6 nm, respectively, with low homogeneity (0.35
polydispersity). However, the mean size of the transfersomes
was in the range of 426 ± 32.6 nm which was significantly
reduced to 145 ± 6.6 nm with high homogeneity (0.1 polydis-
persity) after extraction.Themean encapsulation efficiency of
the drug in the prepared conventional liposomes, ethosomes,
and transfersomes were 42.61 ± 3.62%, 51.72 ± 4.36%, and
46.73 ± 5.21%, respectively.

3.2. Physical Stability Study. Physical stability study of the
prepared vesicles showed higher percentage of drug retained
in formulations stored at refrigerated than at room tem-
perature after three months. This may be due to higher
fluidity of lipid bilayers at higher temperatures resulting in
higher drug leakage. Analysis of drug leakage study data
revealed that vesicular gel was significantly more stable than
vesicles suspension, and also both types of formulations were
significantly more stable at refrigerated temperature than
at room temperature (Table 1). Vesicles also were found
to be reasonably stable in terms of aggregation and fusion
(Table 2). In accordance with the results, it can be con-
cluded that at room temperature and 4∘C, there was slightly
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Table 1: Composition, particle size, polydispersity index (PDI), zeta potential, and encapsulation efficiency percent (EE%) of prepared
vesicles.
Formulation Phospholipid (mg/mL) Cholesterol (mg/mL) Span 80 (mg/mL) Particle size (nm) PDI Zeta potential (mV) EE%
Liposome 100 30 — 152 ± 21.3 0.37 −39.2 ± 3.9 42.61 ± 3.62
Ethosome 100 30 — 202 ± 20.6 0.34 −41.2 ± 2.1 51.72 ± 4.36
Transfersome 100 30 30 145 ± 6.6 0.11 −38.9 ± 4.1 46.73 ± 5.21

Table 2: Stability of prepared vesicles during storage at 4∘C and 25∘C for three months.

Formulation (code) Particle size (nm) Zeta potential (mV) EE%
Initial After 3 months Initial After 3 months Initial After 3 months

Liposomal dispersion (F3)
4∘C 152 ± 21.3 193 ± 23.6 −39.2 ± 3.9 −40.2 ± 2.1 42.61 ± 3.62 36.2 ± 1.9
25∘C 152 ± 21.3 219 ± 16.4 −39.2 ± 3.9 −36.1 ± 0.9 42.61 ± 3.62 32.1 ± 2.6

Ethosomal dispersion (F4)
4∘C 202 ± 20.6 235 ± 30.1 −41.2 ± 2.1 −42.3 ± 1.2 51.72 ± 4.36 44.6 ± 1.8
25∘C 202 ± 20.6 266 ± 8.6 −41.2 ± 2.1 −39.2 ± 3.1 51.72 ± 4.36 39.9 ± 3.2

Transfersomal dispersion (F5)
4∘C 145 ± 6.6 189 ± 9.5 −38.9 ± 4.1 −36.2 ± 1.1 46.73 ± 5.21 42.3 ± 0.9
25∘C 145 ± 6.6 223 ± 19.2 −38.9 ± 4.1 −39.2 ± 0.8 46.73 ± 5.21 35.2 ± 1.1

Liposomal gel (F6)
4∘C 152 ± 21.3 169 ± 10.2 −39.2 ± 3.9 −39.9 ± 3.2 42.61 ± 3.62 39.5 ± 1.0
25∘C 152 ± 21.3 182 ± 12.0 −39.2 ± 3.9 −37.2 ± 2.5 42.61 ± 3.62 38.2 ± 2.6

Ethosomal gel (F7)
4∘C 202 ± 20.6 221 ± 16.2 −41.2 ± 2.1 −40.2 ± 1.9 51.72 ± 4.36 46.8 ± 2.4
25∘C 202 ± 20.6 230 ± 20.0 −41.2 ± 2.1 −41.1 ± 1.2 51.72 ± 4.36 44.1 ± 1.7

Transfersomal gel (F8)
4∘C 145 ± 6.6 186 ± 9.2 −38.9 ± 4.1 −35.2 ± 2.9 46.73 ± 5.21 43.6 ± 2.6
25∘C 145 ± 6.6 196 ± 11.1 −38.9 ± 4.1 −38.9 ± 3.1 46.73 ± 5.21 40.3 ± 1.1

but insignificantly increase in the particle size.The stability of
vesicles improved after incorporation into gel maybe due to
prevention of fusion of vesicles. Results suggest that keeping
the vesicular product in refrigerated conditions minimizes
the unstability problems of vesicles.

3.3. In Vitro Permeation Studies. Equal amounts of Diclo-
fenac sodium fromdifferent formulations, including solution,
dispersion, andCarbopol gel incorporated form,were applied
on the skin surface in donor compartment to make a com-
parison among their drug penetration ability through rat
skin. Amount of Diclofenac sodium permeated through
excisedmouse skin over 24 hwas plotted versus time. Figure 1
represents the penetration profile of Diclofenac sodium
(penetrated amount of Diclofenac sodium/cm2 skin surface
versus time) through excised rat skin from different prepared
formulations.

Themechanismof release kineticswas evaluated by fitting
the permeation data to the zero-order and Higuchi diffusion
models. All permeation profiles of vesicular dispersions and
gels fit well into the Higuchi diffusion model (RSD > 0.99),
and a linear relationship was found between the amount of
drug released and the square root of time. It could be conc-
luded that the vesicles acted as reservoir systems for continu-
ous delivery of the encapsulated drug.

Table 3 presents the permeation parameters of Diclofenac
sodium through excised rat skin and accumulated amount
of remained and permeated drug over 24 h from different
formulations.

It is clear that the cumulative amount of drug permeated
across rat skin after 24 h for both hydroethanolic solution
and Carbopol gel (84.3 ± 2.3 and 176.6 ± 6 𝜇g/cm2) was
significantly lower in comparison with vesicular systems,
specially ethosomal or transfersomal formulations (2256.9 ±
68.3 and 2405.5 ± 110.6), indicating that vesicular systems
can improve skin delivery of hydrophobic drugs such as
Diclofenac sodium. On the other hand, the cumulative
amount of drug permeated from liposomal formulations
after 24 h was significantly less than that drug permeated
from the ethosomal or transfersomal formulations (𝑃 <
0.05). Similar conclusions could be obtained upon analysis
of the drug flux and permeability coefficient of the same
formulations. The mean steady state flux and permeability
coefficient ranged from 3.36± 0.68 (hydroethanolic solution)
to 100.57 ± 3.61 (transfersomal gel) 𝜇g/cm2/h and 0.336 ±
0.06 (hydroethanolic solution) to 10.05 ± 0.36 (transfersomal
gel) cm/h, respectively. Results indicated that the flux and
permeability coefficient of ethosomes or transfersomes were
15- and 30-fold higher than Carbopol gel and hydroethanolic
solution of drug, respectively. Results also revealed that,
compared to vesicular dispersions, incorporation of vesicular
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Table 3: Permeated amount of Diclofenac sodium at 24 h, flux, permeability coefficient, and residual drug remaining in the skin as percent
of initially applied drug for the formulations. Results are revealed as mean ± standard deviation (𝑛 = 3).

Formulation (code) Permeated amount at 24 h (𝜇g/cm2) Flux (𝜇g/cm2/h)
Permeability
coefficient

(𝐾
𝑝

) × 10−3 (cm/h)
Residual drug (%)

Hydroethanolic solution (F1) 84.3 ± 2.3 3.36 ± 0.68 0.336 ± 0.06 0.89 ± 0.26
Carbopol gel (F2) 176.6 ± 6.5 7.17 ± 1.69 0.717 ± 0.16 2.32 ± 0.95
Liposomal dispersion (F3) 421.2 ± 35.6 16.32 ± 2.35 1.632 ± 0.23 4.32 ± 1.12
Ethosomal dispersion (F4) 952.6 ± 95.3 37.77 ± 6.2 3.777 ± 0.6 10.58 ± 2.01
Transfersomal dispersion (F5) 1026.6 ± 63.8 37.87 ± 3.15 3.781 ± 0.32 12.26 ± 3.25
Liposomal gel (F6) 786.0 ± 86.3 29.13 ± 5.24 2.913 ± 0.52 12.62 ± 2.68
Ethosomal gel (F7) 2256.9 ± 68.3 91.69 ± 6.51 9.169 ± 0.65 23.9 ± 1.86
Transfersomal gel (F8) 2405.5 ± 110.6 100.57 ± 3.61 10.057 ± 0.36 21.32 ± 2.63
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Figure 1: In vitro drug penetration from the different formulations
(Table 1) through rat skin in Franz diffusion cell at 37∘C ± 0.5∘C.

formulations into gel preparation could significantly increase
flux and 𝐾

𝑝
up to 3 times (𝑃 < 0.05). It can be concluded

from the results that ethosomes or transfersomes in both
vesicular dispersion and vesicular gel forms could penetrate
and deposit Diclofenac sodium 2-3 times more than lipo-
somes. High deposition percent indicated that ethosomes
and transfersomes could provide a drug reservoir in skin to
prolong the effect of Diclofenac sodium at the interval times
between administrations.

4. Discussion

Liposomes as bimolecular phospholipid bilayers are capable
of encapsulating hydrophobic, hydrophilic, and amphiphilic
drugs. Liposomes by diffusing into the stratum corneum, dis-
rupting the bilayer fluidity in the stratum corneum, loosening
the lipid structure of the stratum corneum, and providing
impaired barrier function of these layers to the drug act as
penetration enhancers. Moreover, some studies reported

that phospholipids in liposomes may mix with the stratum
corneum lipids creating a lipid-enriched environment. This
lipid enriched layer in the skin is preferred by lipophilic
drugs, resulting in enhanced skin uptake. In some cases,
phospholipids themselves can increase the solubility of
lipophilic drugs such as Diclofenac sodium [13, 39–41]. Many
studies have reported increased in vitro skin permeation of
ethosomal formulations. Ethosomes not only like classical
liposomes contain phospholipids but also contain high levels
of ethanol (up to 45%) and are able to enhance the penetration
to deep tissues and the systemic circulation. Although the
exactmethod of action of ethosomes remains unclear, ethanol
is a well-known permeation enhancer, and mechanisms
of these carriers in improving permeation are explained
by their alcohol content as penetration enhancers. Ethanol
interacts with lipid molecules in the polar head group region,
resulting in a reduced phase transition temperature (𝑇

𝑚
)

of the stratum corneum lipids and increased fluidity which
leads to improved membrane permeability. Ethanol may also
provide the vesicles with softness and flexibility that allows
ethosomes to squeeze more easily and penetrate into the
deeper layers of the skin due to their increased alcohol com-
ponent. Ethosomal preparationswere found to bemuchmore
effective permeation enhancers thanhydroethanolic solution,
ethanol, or an ethanolic phospholipid solution, indicating
that permeation enhancement from ethosomes was much
greater than would be expected from ethanol alone [22, 29,
33, 35, 36, 42–44].

Transfersomes are vesicles composed of phospholipids,
with 10–25% surfactant and 3–10% ethanol. Transfersomes
up to 500 nm can squeeze to penetrate the stratum corneum
barrier spontaneously. It has been demonstrated that as trans-
fersomes due to their elasticity and high deformable structure
could reach deeper dermal tissues and even the systemic
circulation, they ensure higher skin permeation than con-
ventional liposomes. When drugs remain strongly associated
with the vesicles, elastic vesicles can be used to transfer
drugs rapidly into the deeper layers of the stratum corneum,
and subsequently administered drugs can permeate into the
viable epidermis. Therefore, elastic vesicles have superior
characteristics compared to rigid conventional vesicles [19,
22, 37].
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5. Conclusions

The comparative evaluation of in vitro skin permeability
toward several vesicular preparations containing Diclofenac
sodium is considered to be useful in preformulation step to
predict the best formulation in the development of topical
formulations with higher drug penetration through rat skin.
According to our results, vesicular systems, especially when
incorporated into gel preparation, had high permeability,
and among the vesicular systems, ethosomes and transfer-
somes had better influence in Diclofenac sodium permeation
through rat skin.
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[1] M. A. Álvarez-Soria, G. Herrero-Beaumont, J. Moreno-Rubio
et al., “Long-term NSAID treatment directly decreases COX-2
and mPGES-1 production in the articular cartilage of patients
with osteoarthritis,” Osteoarthritis and Cartilage, vol. 16, no. 12,
pp. 1484–1493, 2008.

[2] R. S. Devi, S. Narayan, G. Vani, and C. S. Shyamala Devi,
“Gastroprotective effect of Terminalia arjuna bark on diclofenac
sodium induced gastric ulcer,” Chemico-Biological Interactions,
vol. 167, no. 1, pp. 71–83, 2007.

[3] L. Li, G. Rossoni, A. Sparatore, L. C. Lee, P. Del Soldato, and P.
K. Moore, “Anti-inflammatory and gastrointestinal effects of a
novel diclofenac derivative,” Free Radical Biology and Medicine,
vol. 42, no. 5, pp. 706–719, 2007.

[4] H. Piao, N. Kamiya, J. Watanabe et al., “Oral delivery of diclo-
fenac sodium using a novel solid-in-oil suspension,” Interna-
tional Journal of Pharmaceutics, vol. 313, no. 1-2, pp. 159–162,
2006.

[5] F. Alessandri, D. Lijoi, E. Mistrangelo, A. Nicoletti, M. Crosa,
and N. Ragni, “Topical diclofenac patch for postoperative
wound pain in laparoscopic gynecologic surgery: a randomized
study,” Journal of Minimally Invasive Gynecology, vol. 13, no. 3,
pp. 195–200, 2006.

[6] Y.G. Bachhav,A.Heinrich, andY.N.Kalia, “Using lasermicrop-
oration to improve transdermal delivery of diclofenac: increas-
ing bioavailability and the range of therapeutic applications,”
European Journal of Pharmaceutics and Biopharmaceutics, vol.
78, no. 3, pp. 408–414, 2011.

[7] G. Cevc and G. Blume, “New, highly efficient formulation
of diclofenac for the topical, transdermal administration in
ultradeformable drug carriers, Transfersomes,” Biochimica et
Biophysica Acta—Biomembranes, vol. 1514, no. 2, pp. 191–205,
2001.

[8] J.-Y. Fang, K. C. Sung, H.-H. Lin, and C.-L. Fang, “Transder-
mal iontophoretic delivery of diclofenac sodium from various
polymer formulations: in vitro and in vivo studies,” International
Journal of Pharmaceutics, vol. 178, no. 1, pp. 83–92, 1999.

[9] M. Ferrante, A. Andreeta, andM. F. Landoni, “Effect of different
penetration enhancers on diclofenac permeation across horse
skin,”The Veterinary Journal, vol. 186, no. 3, pp. 312–315, 2010.

[10] G. C. Rosim, C. H. Barbieri, F. M. Lanças, and N. Mazzer,
“Diclofenac phonophoresis in human volunteers,” Ultrasound
in Medicine & Biology, vol. 31, no. 3, pp. 337–343, 2005.

[11] A. C. Sintov and S. Botner, “Transdermal drug delivery using
microemulsion and aqueous systems: influence of skin storage
conditions on the in vitro permeability of diclofenac from aque-
ous vehicle systems,” International Journal of Pharmaceutics, vol.
311, no. 1-2, pp. 55–62, 2006.

[12] D. Yariv, R. Efrat, D. Libster, A. Aserin, and N. Garti, “In vitro
permeation of diclofenac salts from lyotropic liquid crystalline
systems,”Colloids and Surfaces B: Biointerfaces, vol. 78, no. 2, pp.
185–192, 2010.

[13] I. Elron-Gross, Y. Glucksam, and R. Margalit, “Liposomal dex-
amethasone-diclofenac combinations for local osteoarthritis
treatment,” International Journal of Pharmaceutics, vol. 376, no.
1-2, pp. 84–91, 2009.

[14] T. Fujisawa, H. Miyai, K. Hironaka et al., “Liposomal diclofenac
eye drop formulations targeting the retina: formulation stability
improvement using surfacemodification of liposomes,” Interna-
tional Journal of Pharmaceutics, vol. 436, no. 1-2, pp. 564–567,
2012.

[15] S. H. Hwang, Y. Maitani, X.-R. Qi, K. Takayama, and T. Nagai,
“Remote loading of diclofenac, insulin and fluorescein isothio-
cyanate labeled insulin into liposomes by pH and acetate gradi-
ent methods,” International Journal of Pharmaceutics, vol. 179,
no. 1, pp. 85–95, 1999.

[16] R. Jukanti, G. Devaraj, R. Devaraj, and S. Apte, “Drug targeting
to inflammation: studies on antioxidant surface loaded diclo-
fenac liposomes,” International Journal of Pharmaceutics, vol.
414, no. 1-2, pp. 179–185, 2011.

[17] N. Bavarsad, B. S. Fazly Bazzaz, A. Khamesipour, andM. R. Jaa-
fari, “Colloidal, in vitro and in vivo anti-leishmanial properties
of transfersomes containing paromomycin sulfate in susceptible
BALB/c mice,” Acta Tropica, vol. 124, no. 1, pp. 33–41, 2012.

[18] N. Butoescu, O. Jordan, and E. Doelker, “Intra-articular drug
delivery systems for the treatment of rheumatic diseases: a
review of the factors influencing their performance,” European
Journal of Pharmaceutics and Biopharmaceutics, vol. 73, no. 2,
pp. 205–218, 2009.

[19] J. Malakar, S. O. Sen, A. K. Nayak, and K. K. Sen, “Formulation,
optimization and evaluation of transferosomal gel for transder-
mal insulin delivery,” Saudi Pharmaceutical Journal, vol. 20, no.
4, pp. 355–363, 2012.

[20] A. Gillet, A. Grammenos, P. Compère, B. Evrard, and G. Piel,
“Development of a new topical system: drug-in-cyclodextrin-
in-deformable liposome,” International Journal of Pharmaceu-
tics, vol. 380, no. 1-2, pp. 174–180, 2009.

[21] A. Ahad, M. Aqil, K. Kohli, Y. Sultana, and M. Mujeeb,
“Enhanced transdermal delivery of an anti-hypertensive agent
via nanoethosomes: statistical optimization, characterization
and pharmacokinetic assessment,” International Journal of
Pharmaceutics, vol. 443, no. 1-2, pp. 26–38, 2013.

[22] M. M. A. Elsayed, O. Y. Abdallah, V. F. Naggar, and N. M. Kha-
lafallah, “Deformable liposomes and ethosomes: mechanism of
enhanced skin delivery,” International Journal of Pharmaceutics,
vol. 322, no. 1-2, pp. 60–66, 2006.

[23] M. M. A. Elsayed, O. Y. Abdallah, V. F. Naggar, and N. M.
Khalafallah, “Lipid vesicles for skin delivery of drugs: reviewing
three decades of research,” International Journal of Pharmaceu-
tics, vol. 332, no. 1-2, pp. 1–16, 2007.

[24] I. Scognamiglio, D. de Stefano, V. Campani et al., “Nanocarriers
for topical administration of resveratrol: a comparative study,”
International Journal of Pharmaceutics, vol. 440, no. 2, pp. 179–
187, 2013.



BioMed Research International 7

[25] A. M. A. Elhissi, J. Giebultowicz, A. A. Stec et al., “Nebulization
of ultradeformable liposomes: the influence of aerosolization
mechanism and formulation excipients,” International Journal
of Pharmaceutics, vol. 436, no. 1-2, pp. 519–526, 2012.

[26] M. K. Chourasia, L. Kang, and S. Y. Chan, “Nanosized etho-
somes bearing ketoprofen for improved transdermal delivery,”
Results in Pharma Sciences, vol. 1, no. 1, pp. 60–67, 2011.

[27] Y.-P. Fang, Y.-B. Huang, P.-C. Wu, and Y.-H. Tsai, “Topical
delivery of 5-aminolevulinic acid-encapsulated ethosomes in
a hyperproliferative skin animal model using the CLSM tech-
nique to evaluate the penetration behavior,” European Journal
of Pharmaceutics and Biopharmaceutics, vol. 73, no. 3, pp. 391–
398, 2009.

[28] E. Horwitz, S. Pisanty, R. Czerninski, M. Heiser, E. Eliav, and E.
Touitou, “A clinical evaluation of a novel liposomal carrier for
acyclovir in the topical treatment of recurrent herpes labialis,”
Oral Surgery, OralMedicine, Oral Pathology, Oral Radiology, and
Endodontics, vol. 87, no. 6, pp. 700–705, 1999.
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