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Absorption and In Vivo Potential Cutaneous Irritation
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Abstract. Transdermal delivery of non-steroidal anti-inflammatory drugs may be an interesting strategy
for delivering these drugs to the diseased site, but it would be ineffective due to low skin permeability.
We investigated whether oleic acid (OA), a lipid penetration enhancer in poloxamer gels named
poloxamer-based delivery systems (PBDS), can improve lumiracoxib (LM) delivery to/through the skin.
The LM partition coefficient (K) studies were carried out in order to evaluate the drug lipophilicity grade
(Koctanolbutter)s Showing values >1 which demonstrated its high lipophilicity. Both in vitro percutaneous
absorption and skin retention studies of LM were measured in the presence or absence of OA (in
different concentrations) in PBDS using porcine ear skin. The flux of in vitro percutaneous absorption
and in vitro retention of LM in viable epidermis increased in the presence of 10.0% (w/w) OA in 25.0% (w/w)
poloxamer gel. In vivo cutaneous irritation potential was carried out in rabbits showing that this formulation
did not provide primary or cumulative cutaneous irritability in animal model. The results showed that 25.0%
poloxamer gel containing 10.0% OA is potential transdermal delivery system for LM.

KEY WORDS: in vitro skin permeation; lumiracoxib; oleic acid; poloxamer-based delivery systems;

skin delivery.

INTRODUCTION

Lumiracoxib (LM), [2-(2-chloro-6-fluorophenylamino)-
5-methyl phenyl] acetic acid (Fig. 1), is a new selective non-
steroidal anti-inflammatory (NSAID) cyclooxygenase
(COX)-2 inhibitor developed for the management of chronic
pain associated with osteoarthritis, rheumatoid arthritis, and
acute pain. An increased expression of COX-2 in several
cancers has been observed in recent studies which also report
the anticancer effects of COX-2 inhibitors in lung cancer,
adenocarcinoma of the colon, intestinal polyposis, and even
skin cancers (1,2).

The ability of LM in controlling pain and inflammation
with reduction of gastrointestinal adverse effects is one of the
advantages of its use (3,4). It is suggested that a daily 100-mg
oral LM dosage is not associated with an increase of hepatic
malfunction compared with other NSAIDs. However, there is
a risk of nonlethal liver damage in long-term treatments (5,6).
Thus, LM transdermal delivery could be an interesting
alternative to the oral route in the treatment of inflammatory
or acute pain associated with arthritis and arthrosis because it
avoids the occurrence of hepatic side effects associated with
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systemic delivery. There is no transdermal formulation
available for LM delivery, and its penetration properties
through human skin have not been investigated. Considering
that most inflammatory diseases occur locally and near the
body surface, transdermal delivery of NSAID may turn out to
be an interesting strategy to deliver these drugs to the deeper
layers of the skin in increased concentrations and directly to
the diseased site. However, poor skin permeability limits the
efficacy of transdermal delivery systems.

The stratum corneum (SC) is considered the main skin
barrier limiting the penetration of highly hydrophilic or
lipophilic drugs. To optimize the transdermal delivery of
these drugs, it is necessary to use techniques that reduce the
diffusional resistance of the SC. Many studies have used
physical and chemical techniques to disrupt the SC barrier
(7,8). Oleic acid (OA) is a cis-unsaturated free fatty acid
found abundantly in nature, including in the human skin. Its
main mechanism of action is the ability to enhance skin
permeability by disorganizing SC intercellular lipid structures
(9) without any toxic damage (10,11). Recently, OA has been
tested in various in vitro studies as a skin penetration
enhancer for many anti-inflammatory (12-16) and also
anticancer drugs (17).

Poloxamers are non-ionic polyoxyethylene—polyoxypro-
pilene—polyoxyethylene (PEOn-PPOn-PEOn) tri-block co-
polymers with many pharmaceutical applications. Poloxamer
127 (Pluronic® F-127 or PF-127) has been the most widely
used copolymer in pharmaceutical preparations, mainly in
drug delivery due to its biocompatibility; besides, it can form
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OH

Fig. 1. Chemical structure of lumiracoxib

a gel that provides “depot-like” sustained drug release.
Poloxamers has been used as a delivery system of many
drugs for ophthalmic (18,19), rectal (20,21), parenteral
(22,23), topical (24), and transdermal (25,26) applications.
Recently, PF-127 gel has been explored as a skin delivery
system to several NSAIDs as naproxen (27), indometacin (28),
piroxicam (26), diclofenac (29), among others, due to higher
drug retention at the action site which leads to a sustained drug
release and improved therapeutic efficiency.

In the present study, we investigated whether poloxamer-
based delivery systems (PBDS) containing the skin penetra-
tion enhancer (OA) could promote the in vitro percutaneous
absorption of LM using porcine ear skin. The potential of LM
transdermal delivery to cause primary and cumulative dermal
irritations in an animal model in vivo was also investigated.

MATERIAL AND METHODS
Chemicals

Poloxamer 127 (Pluronic F-127® or PF-127), oleic acid,
and cellulose membranes (MWCO 12,000) were obtained
from Sigma Chemical (St Louis, MO, USA). Lumiracoxib
was provided by Novartis Pharmaceutics (Sdo Paulo, SP,
Brazil). All other chemicals were of analytical grade and were
purchased from Merck (Darmstadt, Germany).

HPLC Assay for LM

The HPLC system consisted of a Shimadzu liquid
chromatograph, model SPD M-10AD VP (with a photodiode
array detector at 278 nm), an LC-10ADVP pump, an auto-
injector SIL-10AD VP, and a Class VP integrator software.
Two different methods were developed to analyze LM in
different samples, as described below.

LM Quantification in Samples from Partition Coefficient
(Koctanol/buffer) Studies

Samples were submitted to HPLC on a propylsulphonic
column (J. T. Backer) 250x4.6 mm (5 um) at room temper-
ature (25°C), a mobile phase of phosphate buffer 0.1 M, pH
7.4/water/acetonitrile (100:400:500, v/v/v), 1 mL/min flux, and
25 pL injection volume. LM retention time was 2.6 min. The
assay was linear for concentrations between 10 and 50 pg/mL
(r=0.999) with an injection variability of <1% for intra-day
variation and <3% for inter-day variation. Detection limit
(DL) was 1.28 pg/mL with a precision of 5% and the
quantification limit (QL) 4.27 pg/mL.
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LM Quantification in Samples of In Vitro Skin Permeation
and Retention Studies

HPLC was performed on a Cg reverse phase column
Schinpack (Shimadzu) 150%4.6 mm (5 um) at room temper-
ature (25°C). An acetonitrile/0.01 M sodium phosphate
buffer, pH2.5 (50/50, v/v) mixture was used as the mobile
phase at a flux rate of 1 mL/min and a sample injection
volume of 50 pl. LM retention time was 7.6 min. The assay
was linear between concentrations of 4 and 200 pg/mL, with a
correlation coefficient (r) of 0.9998 and an injection varia-
bility of <1% for intra-day and <3% for inter-day variation.
DL was 0.012 pg/mL with a 5% precision, and the QL of this
HPLC assay was 0.041 pg/mL. The values obtained are
considered suitable for both analytical assays (30). Both
HPLC methods were validated during 6 days, and the
coefficients of variation for precision and accuracy were
below 3%. Unidentified peaks were not detected in both
HPLC procedures.

LM Octanol/Buffer Partition Coefficient (K,ctanolbuter)

Measurements of LM 1-octanol/buffer partition coeffi-
cients were carried out using the shake-flask method accord-
ing to the OECD guideline 107, 1995 (31). LM was dissolved
in 0.1 M phosphate buffer (pH7.4) previously saturated with
octanol at a concentration of 60 pg/mL and mixed with the
same volume of octanol also previously saturated with
phosphate buffer. Samples were stirred for 30 min, centri-
fuged to separate the two phases, and the amount of LM in
the aqueous phase was quantified by HPLC as described
above at time zero (Cp) and after shaking to ensure partition
(Cy). The partition coefficient was calculated as Koctanolbufter =
(Co — Cy/Cy (32,33).

Preparation of Gels

Poloxamer-based delivery systems were prepared from
PF-127 which forms a gel under hydration by the cold process
(34). Concentrations of PF-127, LM, and OA reported here
are expressed as percentage of weight/weight (%, w/w;
Table I). Appropriate amounts of PF-127 sufficient to yield
20.0%, 25.0%, and 30.0% gels were slowly added to cold
water (4-5°C) under constant stirring to increase the solubi-
lization rate. Dispersions were kept refrigerated until a clear
solution was formed. Gels loaded with LM and OA were
prepared (Table I) by adding to the cold solution weighed
amounts of the drug (1.0%) and OA (1.0%, 2.5%, 5.0%, and
10.0%) previously dispersed in the co-solvent propylene
glycol (PG). The final concentration of PG was 20.0% (w/w)
in the poloxamer gels. The solutions were then brought to
volume with water and thoroughly stirred while cold. Control
gel formulations were represented by PF-127 in all three con-
centrations containing LM (1.0%) and 20.0% PG without OA.

In Vitro Skin Permeation and Retention Studies

Porcine ears obtained from a local slaughterhouse had
the dorsal skin removed from the underlying cartilage with a
scalpel (hairs not removed) and were stored wrapped in
aluminum foil at —20°C for a maximum of 4 weeks before use,



Novel Transdermal Delivery System for Lumiracoxib

Table I. P-127 Gel Formulations and Control with Their Respective
OA Concentrations

PF-127 OA“ LM’ PG*

Samples (%, wiw) (%, ww) (%, wiw) (%, wiw)
Gel formulations 20 10.0 1 20
25 1.0 1 20
2.5 1 20
5.0 1 20
10.0 1 20
30 10.0 1 20
Control gels 20 - 1 20
(without AO) 25 - 1 20
30 - 1 20

All formulations contain LM 1% (w/w) and PG as co-solvent (20.0%,
wiw)

“These percentages, w/w, are related to the amounts of these
substances (g) for 100 g of the poloxamer gel formulations or
controls

as already described (35). The skin samples were mounted on
a diffusion system (Fig. 2) with the SC facing the donor
compartment (exposition area = 1.13 cm?) and the dermis
facing the acceptor solution (100 mL phosphate buffer 0.1 M,
pH7.4, solution with 3.0% of polysorbate 20). The LM
solubility determined in this medium was 340.7 pg/mL. In
order to ensure sink conditions, the volume of acceptor
solution was fixed at 100.0 mL. The sink condition is
considered satisfactory if the LM concentration in this
medium is at least ten times smaller than the experimental
drug solubility of LM, considering that all drugs in the donor
compartment were permeated through the skin.

The cold PF-127 gel solutions (0.2 g containing 2 mg
drug) were introduced into the donor compartment, and
1 mL of the acceptor solution (maintained at 37°C and stirred
with a magnet bar at 500 rpm) was withdrawn at predeter-
mined time points (0, 0.5, 1, 2, 4, 6, 8, 12, and 24 h), followed
by the reposition of an equal volume of fresh medium. The
collected fractions were filtered through a 0.45-mm mem-
brane (filtering unity, Millipore Corporate Headquarters,
Billerica, MA, USA) and the filtrates were analyzed by
HPLC as described before in order to quantify the amount of
LM diffused into the acceptor solution. The cumulative
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amount of LM permeated through the skin was plotted as a
function of time. The concentration of drug in the acceptor
solution was an index of transdermal delivery. The flux values
(/) or the rate of drug diffusion through the skin as a function
of time was calculated from the slopes of the linear portion
(steady state) of in vitro permeation curves at the interval of
8-24 h.

Twenty-four hours after permeation, skin samples were
withdrawn from the donor compartment, the surfaces
thoroughly washed with distilled water to remove excess
formulation, and carefully wiped with tissue paper. To
determine the amount of LM retained in the SC, the
samples were tape-stripped ten times (17,33,36,37) using
Scotch Book Tape no. 845 (3 M, St. Paul, MN) and the tape
strips subsequently immersed in a vial containing 10 mL of
acetonitrile and shaken for 3 min in order to extract the LM
retained in the skin layer. Samples were filtered through a
0.45-pum polytetrafluoroethylene (PTFE) membrane (Corning
Incorporated, Corning, NY, USA). The remaining skin
[Epidermis without SC + Dermis] was cut into small pieces
and vortex-mixed for 1 min in acetonitrile (5 mL), sonicated
in an ultrasound bath (40 kHz, continuous mode) for 30 min
at 25°C, and filtered through a 0.45-um PTFE membrane.
Aliquots of each filtrate, SC and [Epidermis without SC +
Dermis| were analyzed by HPLC in order to quantify LM
present in these skin layers, respectively. The amount of LM
retained in both skin layers was expressed in micrograms per
square centimeter. The recovery of LM from the SC and
[Epidermis without SC + Dermis| after extraction procedures
were 92.5% and 99.7%, respectively.

Skin Irritation Test

Skin irritation studies (38) were carried out in rabbits
which had free access to standard chow and tap water. The
protocols, in accordance to the guidelines of the “Principles of
Laboratory Animal Care” were approved by the Committee
of Animal Care, Federal University of Rio de Janeiro.
Irritation in rabbit skins was visually evaluated after topical
application of PF-127 gel containing OA, the formulation that
provided the highest in vitro percutaneous absorption and
skin retention [Epidermis without SC + Dermis]. Rabbits
weighing about 1.5 kg were divided into two groups, each

|— D 1,13 cm? G

Fig. 2. Diffusion system apparatus: a Support rod fixed in a dissolution system. b Acceptor
compartment, 250 mL vessel. ¢ Thermocontrolled bath. d Multipoint magnetic board. e
Donor compartment. f Magnetic bar. g Teflon elastic. h Attach to the donor compartment

attached to the rod
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with three animals, to evaluate primary and cumulative skin
irritation. Animal dorsa free of hair were divided into four
quadrants of about 4 cm* each. Two of them were scratched
with a needle and the other two remained untouched. About
100 mg of the formulation (25.0% poloxamer gel containing
1.0% LM and 10.0% OA) was applied occlusively over the
dorsum of each animal and covered with gauze and adhesive
tape. To evaluate the primary irritation, the first group of
treated animals was observed after 4 h. Cumulative irritation
was determined by removing the formulation of a second
group after 24 h. The dorsum was washed and the
formulation was reapplied for five consecutive days,
repeating the same procedure described above. The skin
visual integrity was evaluated after 24, 72, and 120 h.

Statistical Analysis

Results are reported as means + SEM. Data were
statistically analyzed using one-way ANOVA (Tukey’s multi-
ple comparisons test). The level of significance was set at
p<0.05.

RESULTS
Determinations of the LM Partition Coefficient

The Koctanoybutter value for LM was 14.14 (+0.83),
confirming the high lipophilicity of the drug.

In Vitro Permeation Studies

Figure 3a shows in vitro LM skin permeation profiles up
to 24 h using formulations containing 1% LM and OA at
different concentrations (1.0%, 2.5%, 5.0%, and 10.0%) in
PF-127 gels at 25%. Permeation profiles with different slopes
can be observed, showing that increases in the OA concen-
trations from 1.0% to 10.0% increases the amount of LM
permeated as a function of time. After 24 h, the amount of
LM permeated (pg/cm?) through full-thickness porcine skin
was significantly higher for PF-127 formulations at 25%
containing 10.0% OA. Considering 20.0% and 30.0% gel
concentrations containing only 10.0% OA (Fig. 3b), the
highest amount of LM permeated initially was at 20.0%.
However, after 24 h, there was no significant difference
between P-127 gel formulations at 20.0% or 25.0% (p<0.05,
Fig. 3a)

LM flux values (/) were calculated from the slopes in the
linear portion (steady state, between 8 and 24 h) of in vitro
permeation curves. Table II shows that among the 25% PF-
127 formulations, the flux J increased and the lag time
reduced as the OA concentration increased (p<0.001). In
these conditions, LM flux through the skin from a 25% PF-
127 gel containing OA 10.0% was approximately 6.5 times
higher and the lag time basically the same when compared to
control gels at 25% PF-127 (without OA). Comparing different
P-127 gel concentrations (20.0%, 25.0%, and 30.0%) contain-
ing the same concentration of OA (10.0%), it is possible to
observe that at 30.0%, the flux was significantly reduced (p<
0.001). On the other hand, the lag time increased as the
polymer concentration increased. For all samples, a linear
relationship was obtained when the total amount of LM in
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Fig. 3. Cumulative amount of LM permeated (ug/cm?®) in vitro
through excised porcine skin up to 24 h from control gels of a PF-
127 at 25.0% (without OA) and containing OA (1.0% 2.5%, 5.0%,
and 10.0%) and b PF-127 at 20.0% and 30.0% (without OA) and
these gels containing OA (10.0%) as function of the time. All
formulations contain LM 1%. Each value is the mean of three
different experiments + SD for each group. Statistical analysis: one-
way ANOVA (Tukey’s multiple comparison test). Values considered
significant (**#*p<0.001) at 24 h for formulations containing PF-127 at
25.0% containing OA 1.0%, 2.5%, 5.0%, and 10.0% compared to
control gel at 25.0%. Among the formulations containing OA 10.0%,
there is statistical difference between PF 20% compared to PF 30.0%
(***p<0.001) and PF 25.0% compared to PF 30.0% (***p<0.001)

the receptor solution was plotted against time (zero-order
kinetic profile).

In Vitro Retention Studies

Skin retention studies were carried out to verify the
extent of LM retention and its localization in the main skin
layers, SC, and [Epidermis without SC + Dermis]. Figure 4a
shows values of LM retention both in SC and epidermis +
dermis—from PF-127 gels at 25% with OA concentrations
ranging from 1.0% to 10.0%. The highest amount of LM
retained in both SC (14.31 pg/em?+0.52) and [Epidermis
without SC + Dermis] (199.1 pg/cm?+4.26) was from 25.0%
PF-127 containing 10.0% OA.

Figure 4b shows in vitro retention studies for 20% and
30% PF-127 gels containing 10.0% OA and their respective
controls (without OA). The amount of LM retained in SC
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Table IL. Values of Flux J (ug/cm*h), Correlation Coefficient (r), Lag Time (h) After 24 h of In Vitro Permeation Experiments

Poloxamer formulations Flux (J, pg/cm*/hour)* Linear correlation (r) Lag time (hs) + DP
Control gel 25% 2.13+0.98" 0.9898 3.06+0.88
Gel 25%+A0 1.0% 2.94+0.37 0.9986 6.12+1.11
Gel 25%+AO0 2.5% 10.43+0.76 0.9925 5.91+0.50
Gel 25%+A0 5.0% 12.84+1.33 0.9935 5.58+0.51
Gel 25%+A0 10.0% 13.88+1.61¢ 0.9941 3.50+0.62
Control gel 20% 1.88+0.33¢ 0.9753 0.19+0.64
Gel 20%+A0 10.0% 11.86+1.10° 0.9966 1.29+1.72
Control gel 30% 1.78+0.12°¢ 0.9816 3.61+0.31
Gel 30%+A0 10.0% 5.68+0.47¢ 0.9939 4.48+0.47

“Means + SD of the results in three experiments are shown (one-way ANOVA test). Statistical analysis of the flux (J): one-way ANOVA

(multiple comparisons Turkey’s test)

b Statistically significant for control PF 25% compared to other gels at 25.0% containing OA at 2.5%, 5.0% and 10.0% (***p<0.001)
¢ Statistically significant (***p<0.001) among the formulations containing 10.0% OA: PF 25% compared to PF 30% and PF 20% compared to

PF 30%

4 Statistically significant (**¥p<0.001) compared with formulation gel PF 20% containing 10% (w/w) OA
¢ Statistically significant (***p<0.001) compared with formulation gel PF 30% containing 10% (w/w) OA

was higher from control gel P-127 at 30.0%. On the other
hand, the amount of LM retained in the [Epidermis without
SC + Dermis] was higher in both concentrations when
compared to their respective controls (p<0.001) and practi-
cally the same for P-127 at 20.0% (125.06+3.35 pg/cm?) and
30% (115.22+2.88 pg/cm?) containing 10.0% OA.

V)

250 1
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200 o

_

v

(=}
1

-

o

o
1

Amount of LM retained (ug/cm?)
w
S
1

SC
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0 -

Skin Irritation Test

The potential skin irritating activity of the previously
elected PBDS (PF-127 at 25.0% containing 10.0% OA) was
analyzed by in vivo evaluation o f the visual appearance of
skin rabbits. The assay did not show primary or cumulative

AT

EP+D

SC
Fig. 4. In vitro LM skin uptake (ug/cm?) in SC and [Epidermis without SC + Dermis] from
control gels and from a PF-127 at 25.0% (without OA) and containing OA (1.0%, 2.5%,
5.0%, and 10.0%) and b PF-127 at 20.0% and 30.0% (without OA) and these gels
containing OA (10.0%). Each value is the mean of three different experiments + SD for
each group. Statistical analysis: one-way ANOVA (Tukey’s multiple comparison test).
Values are considered significant for formulations when p<0.05 (***p<0.001)

EP+D
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dermal irritations in the rabbit skin when the formulation was
applied for a short period of time (4 h) or for a longer one
(from 24 to 120 h), respectively.

DISCUSSION

The grade of lipophilicity that a drug present in the
development of a transdermal delivery system influences its
bioavailability. Drugs that show excessive hydrophilicity or
lipophilicity do not have an optimal passive transport through
the skin, mainly because of the barrier function of the SC.
Due to the absence of experimental determinations of these
values in the literature, the Kgcianolbutier fOr LM was
evaluated and confirmed the high drug affinity to the non-
polar medium or its high lipophilicity. This value was close to
the one described for diclofenac, KoctanoyButter = 13.4 (39),
but the presence of a methyl group instead of hydrogen and
fluor instead of chlorine (Fig. 1) slightly increased LM
lipophilicity compared to diclofenac.

Several studies have shown the increased percutaneous
absorption of anti-inflammatory drugs when oleic acid was
present in the transdermal gels (40-43). We carried out the
skin permeation studies and assessed the amount of LM
permeated, its flux, and lag time, which is the time necessary
for the transport of the permeant through the membrane until
it reaches equilibrium (44).

In the present paper, the influence of OA concentration
on LM permeation across porcine skin showed that the
highest concentration of OA (10.0%) promoted a higher drug
permeation from 25.0% PF-127 gel (Fig. 3a) and smaller lag
time (Table IT). This observation seems to be compatible with
the main mechanism suggested for the action of OA as a
penetration enhancer and shows the direct influence of its
concentration on cutaneous permeation: increasing OA
concentration increases SC permeability, and consequently,
drug diffusion through the membrane is easier (9,45) and the
time to reach the steady state is shorter.

Considering the influence of polymer concentration on
LM percutaneous absorption, it is possible to observe that gel
viscosity increases with polymer concentration (20% to 30%),
leading to reduced release of the LM from the formulation
and consequently the reduction of drug permeation through
the skin and increased lag time. Our results (Fig. 3b) show
that the gel PF-127 at 30% containing 10.0% OA promoted a
smaller LM transdermal delivery (across the skin). Linear
correlations (r) of the amount of LM permeated (ug/cm?) as a
function of the time were found for all formulations studied,
characterizing a diffusional model. Besides, it indicates that
the porcine ear skin is permeable to LM and the permeation
profile may be described by zero-order kinetic.

The in vitro permeation studies were carried out using an
optimal acceptor medium (phosphate buffer containing poly-
sorbate 20); the surfactant was used in order to increase the
LM solubility permeated from this aqueous medium to
guarantee sink conditions without apparent damage to the
skin. Although topically applied surfactants have the poten-
tial to solubilize lipids in the stratum corneum and lead to an
increased flow of substances through the skin (46), literature
data show that non-ionic surfactants such as polysorbate have
less enhancer effect in human skin while ionic surfactants
show more pronounced effects (47). Furthermore, the liter-
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ature has also reported the use of polysorbate 20 as an
adjuvant to acceptor media for in vitro experiments (48,49).

Excised animal skin (as porcine ear skin) is frequently
used in vitro in percutaneous absorption studies because it is
readily accessible in sufficient size and quality compared to
human skin. Moreover, this animal model has shown histo-
logical and biochemical properties similar to human skin
(50,51), including permeability to drugs so that an over-
estimation of drug penetration into human skin by extrapola-
tion from experiments with porcine skin appears unlikely; that
is, an adequate correlation of skin penetration into human and
porcine skin can be established (52-54).

Other research groups have shown that porcine skin is
particularly suitable for the permeation studies, providing results
comparable to human skin (55,56). Thus, it is expected that the
flux and retention of LM in human skin should be similar to the
results obtained with porcine ear skin in the present study.

PG was used as co-solvent for LM in all gel formulations
(tests and controls) before its addition to PBDS. It is known
that PG acts as a skin penetration enhancer for several drugs
(57-59). Long-chain fatty acids and other hydrophobic
enhancers have been applied in combination with a relatively
hydrophilic vehicle, such as PG, to achieve an enhanced
penetration effect (60). This synergistic enhancement is
probably due to the facilitated incorporation of a fatty acid
(i.e., oleic acid) into the stratum corneum lipid alkyl domain
by the interaction of PG at the polar head group region (61),
facilitating the permeation of drugs through the skin (62).
As shown in the present paper, the concentration of PG
(20.0%, w/w) used in the delivery systems must promote a
synergic effect with OA, thus contributing to the increase of
the drug permeation flux (/) through the skin. Other studies
also reported this synergism between OA-PG with other
drugs and carrier systems (14-16,63,64).

It is known that the SC represents the main barrier to
drug penetration through the skin, while the epidermis and
dermis act as an aqueous gel not showing significant barrier
function but strong reservoir effects. According to the
literature, the epidermis and dermis are directly related to
the flux and percutaneous absorption since these skin layers
could be a reservoir to the posterior drug passage to the
systemic circulation (65). This fact is particularly interesting in
the case of LM because it is an anti-inflammatory drug
designed for pain and inflammation treatments, which
normally reaches sites as muscles and synovial liquid besides
superficial tissues. Moreover, other studies revealed that LM
seems to have a higher affinity to the inflamed tissue (3).

Our results showed that the highest LM amount retained
was obtained from 25% PF-127 gel containing 10.0% OA
either in the SC or in [Epidermis without SC + Dermis]
(Fig. 4a).

These results are in accordance with the cutaneous
permeation experiments in which the formulation PF-127 at
25% containing 10% OA promoted the highest permeation
of LM through the porcine skin. That is, we can conclude that
this OA concentration turns easier the task of LM to
overcome the SC barrier, reaching deeper layers of the skin.
Consequently, the in vitro percutaneous absorption of LM
also increases. Interestingly, Fig. 4b shows that the amount of
LM retained in the outermost layer of the skin (SC) for the
30% PF-127control (without OA) was approximately two
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times higher than the same gel containing 10.0% OA,
probably due to the absence of OA which limits LM
penetration into the deeper layers of the skin and also
because of the higher viscosity of this formulation. Conse-
quently, the LM flux from this formulation was very low
(Table II) and the LM released from formulation did not
reach the viable epidermis, remaining retained in the SC (due
to the absence of OA). The amount of LM retained in
[Epidermis without SC + Dermis] was practically the same
(around 120 pg/cm?) between P-127 gels at 20.0% and 30.0%
containing 10.0% OA.

OA has been shown as a more efficient enhancer for
highly hydrophilic (Poctanolwater<0) than lipophilic com-
pounds (66), but this was not apparent in the results in this
study. Ten percent OA was an efficient penetration enhancer
for the highly lipophilic LM probably due to the association
with the proposed PBDS. It is known that PF-127 formula-
tions lead to enhanced solubilization of poor water-soluble
drugs and a prolonged release profile in many routes of
administration. Due to its micellar nature, the PF-127 gels
may turn into viscous isotropic liquid crystal gels (67). At low
temperatures, the liquid micellar phase is stable and the drug
is probably released by diffusion through the extramicellar
water channels of the gel matrix (69). The gel cubic structure
is induced by increasing the temperature (68). In the present
study, LM was incorporated in a PBDS containing 10.0%
OA, which probably becomes an emulsified system contain-
ing PF-127 and OA micelles. These last ones could be
changing the drug equilibrium in the gel matrix, thus
modifying the rate and mechanism of LM release. As a
result, association of these delivery systems with OA
increases LM retention in the viable epidermis and conse-
quently its percutaneous absorption as a function of time.

Several pharmaceutical preparations contain unsaturated
fatty acids (e.g., oleic acid) and PG, but the general use of this
combination is sometimes limited due to the high prevalence
of dermal side effects, including SC lipid extraction and
damage to viable epidermal cells which presumably occurs
because of the acidic nature of these fatty acids (45,70). The
potential skin irritation by PF-127 at 25.0% containing 10.0%
OA was investigated due to its higher flux through the skin
and higher retention in [Epidermis without SC + Dermis]. No
evidence of skin irritation was observed in the experimental
animals up to 120 h (5 days), attesting to the safety of this
formulation for daily use. Similar results about the potential
skin irritation by OA were reported by other research groups
(60) showing good skin tolerability in human (71) and rabbit
skin in a 72-h trial using 14.9% OA associated to other
penetration enhancers (72). Other studies have shown the
synergistic effect of 15.0% OA mixed with PG as a potential
penetration enhancer (14) as well the clinical safety of OA-
PG for skin application (63).

Our findings are also in accordance with previous studies
showing that systems containing 5-10% OA in propylene
glycol as a vehicle did not cause morphological damage to the
epidermis when the SC remained intact despite causing
increased blood flow measured by laser Doppler velocimetry
(LDV) technique (11). This technique measures cutaneous
blood flow and consequently evaluates the skin irritation due
to topically applied substances. The technique quantifies the
degree of irritation compared to visual scoring. The authors
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evaluated the irritation potential of PG alone and PG
associated with the AO (0.16 M) and observed that in a 24-h
application, AO-PG increased three times the irritation index
compared to PG alone. However, the authors observed that
although the process does not always produce visible morpho-
logical damage (visual changes), it may trigger a reaction of
viable skin layers, causing a higher blood flow, which may be
assessed by LDV, a useful tool in detecting minor/moderate
irritation. In this study, no visual changes related to skin
irritation were observed in the animal model (rabbit skin)
caused by formulations containing the OA-PG association up
to 5 days of application. Other research groups (10) observed
that OA toxicity to the viable epidermal cells was controlled by
the SC thickness. The toxic effect can only be observed in the
absence of SC (after stripping or in the early growth period of
cultured human skin). However, formulations containing OA-
PG increased the mRNA expression of interleucin 1 or IL-1
pro-inflammatory cytokine (which causes an inflammatory
response) after 6 h of topical application. Since LM is an anti-
inflammatory drug, it is interesting to speculate that formation
of IL-1 would be avoided by the drug which inhibits the
cyclooxygenase action, and consequently, the irritation effect
of OA is overcome by the drug. This seems a useful additional
advantage in a delivery system for cutaneous application.

CONCLUSION

The present study proposes an innovative strategy for
the utilization of LM and emphasizes the potential of the
PBDS suggested for this class of drug since no transdermal
semi-solid dosage forms for the COX-2 selective drugs are
available in the market. The results obtained in this study
show that 25.0% PBDS containing 10.0% OA optimizes
cutaneous delivery of LM to the skin, significantly increasing
drug retention of both epidermis and dermis which act as a
depot for continuous and gradually percutaneous absorption
of the drug. Furthermore, skin irritation tests in rabbits
demonstrated that single or multiple applications of the
PBDS associated with OA did not cause any visual changes
in the skin, like erythema or edema. Finally, it can be
concluded that this formulation has the potential to be a
transdermal delivery system for LM.

Further bioavailability experiments will be conducted in
this animal model in order to elucidate the pharmacokinetic and
pharmacodynamic behavior of this transdermal delivery system.
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