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In order to reduce systemic side effects following oral administration, flurbiprofen was formulated
as transdermal gels consisting of the drug, poloxamer 407 and ethanol in buffer solutions. The effect
of formulation variables in the preparation of flurbiprofen gels on skin permeation of the drug was
evaluated using Keshary-Chien diffusion cells fitted with excised rat skins. The permeation rate of flur-
biprofen through rat skin was directly proportional to initial drug concentration (between 0.1% and 1.0%)
in the gel while it was inversely proportional to poloxamer 407 concentration (between 17.5% and 25%).
The skin permeation of flurbiprofen was substantially influenced by the gel pH between 3 and 7, exhibiting
a maximum at pH 4. The concentration effect of ethanol on the permeation of the drug was negligible

in the concentration range of 10~20%.
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Introduction

Nonsteroidal antiinflammatory drugs (NSAIDs)
are widely used for the treatment of rheumatoid
arthritis and related conditions, but they are ac-
companied with systemic side effects and gast-
rointestinal irritation after oral adminstration. Sin-
ce these drugs are administered repeatedly over
a prolonged period, it is desirable to reduce these
side effects while maintaining therapeutic blood
level at disease sites. A transdermal preparation,
which will bypass the stomach and yield high
concentration at the local site underneath the
skin, would be the dosage form of choice to
achieve this goal. However, in spite of an intensive
interest in research for the development of
clinically useful transdermal preparations of
NSAIDs, only a few products have been introdu-
ced in the market.

Flurbiprofen, one of the most potent NSAIDs,
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possesses several desirable properties necessary
for a formulation as a transdermal aqueous pre-
paration. These properties include relatively high
solubility in water compared to other NSAIDs,”
adequate permeability through the skin” and a
high potency.? In our laboratory, flurbiprofen was
successfully formulated as a transdermal gel
using poloxamer 407 and the drug release pro-
perties of the gel were evaluated using memb-
raneless drug diffusion cells. Poloxamer 407,
which has several useful properties as a gel
base,” was used in the formulation of flurbiprofen
gel. In the present study, Keshary-Chien diffusion
cells fitted with excised rat skins were used to
investigate the effects of formulation variables on
skin permeation of flurbiprofen. The formulation
variables studied were concentrations of the po-
lymer, the drug and ethanol, and gel pH.

Materials and Methods
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Materials

The following chemicals and solvents were
used as received without further purification :
flurbiprofen, potassium phosphate monobasic, so-
dium phosphate dibasic and citric acid (Sigma
Chemical Co., US.A), poloxamer 407 (BASF
Wyandotte Corp., Germany), ethanol (James Bu-
rrough Ltd.,, UK.) and HPLC grade acetonitrile
(Baxter Healthcare Corp., US.A.). Water was' di-
stilled, deionized and filtered in house.

Preparation of Flurbiprofen Gels using Polo-
xamer 407

The poloxamer 407 gels of flurbiprofen shown
in Table I were prepared with a slight modifica-
tion of the “cold” method first described by Sch-
molka.”

Preparation of Excised Rat Skin

Rat skins were obtained from male Sprague-
Dawley rats weighing 200~240 g. After careful
removal of hair on the dorsal area using a hair
clipper (Thrive, Model 900), a skin area of app-
roximately 5cmX6cm was excised from each
sacrificed rat and the excised skin sections were
stored at —20C prior to use. They were used
within 1 week after the skin preparation.

Measurement of Skin Permeation of Flurbip-
rofen

The extent and rate of skin permeation of flur-
biprofen from the applied gels were determined

Table I—Formulations of F/urb/profen Gel used for the Skin
Permeation of Flurbiprofen through Excised Rat Skin

Formulations

Ingredients

A B C D
Fluribiprofen 1* 01-1 1 1
Poloxamer 17.5—25 20 20 20

407

Ethanol 10 10 10—20 10
Buffer™™ qs to 100 gs to 100 gs to 100 gs to 100
*W/W%

**0.02 M buffer (pH 4, otherwise mentioned) consisting of
citric acid and sodium phosphate dibasic
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using Keshary-Chien diffusion cells fitted with
excised rat skins. The receptor medium was pH
7.4 phosphate buffer (0.01 M). The skin surface
was exposed to ambient temperature, while the
temperature of the receptor medium was main-
tained at 37 + 0.5C with a circulating water bath
(Haake, Model F4391). Prior to starting an ex-
periment, the frozen skin specimens were thawed
at room temperature and carefully rinsed with
warm water. The skins were soaked in pH 74
phosphate buffer (0.01 M) at 37C for 30 min and
mounted on diffusion cells. After uniformly app-
lying 3 g of the gel on the skin surface (5.07 cm?)
on the donor side, 0.2m! of the receptor medium
was withdrawn at 30 mins and hourly up to 10
hrs from the sampling port using a microsyringe.
The sample removed was immediately replaced
with an equal volume of fresh phosphate buffer
at 37C. Each experiment was performed in tri-
plicate and their mean value with standard de-
viation was presented.

Determination of Flurbiprofen in the Receptor
Medium

The amount of flurbiprofen permeated into the
receptor medium was determined with a modi-
fication of the HPLC method developed in our
laboratory.” The HPLC system consisted of an
isocratic pump (Spectra-Physics, Model 8810), a
manual injector (Rheodyne, Model 7125), a UV
detector (Spectra-Physics, Model SC 100) set at
254 nm and an integrator (Dionex, Model 4270).
The column used was a Cis column (u-Bondapak
3.9X300 mm, 10um particle size, Waters). The
mobile phase was a mixture of pH 7.0 phosphate
buffer (0.02 M) and acetonitrile in the volume ra-
tio of 74 : 26. The flow rate was 1.4 m//min and
the column temperature was ambient.

Analysis of Data from Skin Permeation Studies

The cumulative amounts of flurbiprofen per-
meated per unit area of the skin were plotted as
a function of time. From the linear portion of the

plot after a certain time elapsed, the permeation
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rate at steady-state was calculated and compared
among the different formulations of flurbiprofen

gels.

Results and Discussion

Effect of Poloxamer 407 Concentration on Skin
Permeation of Flurbiprofen

The effect of poloxamer 407 concentration on
drug permeation through excised rat skin was
determined with Formulation A in Table L Only
poloxamer 407 concentration was varied as 17.5,
20, 22,5 and 25% in gel formulations consisted of
1% flurbiprofen, 10% ethanol and pH 4 buffer.
Fig, 1 shows the cumulative amounts of flurbi-
profen permeated through the skin upon appli-
cation of these gels as a function of time. For each
of the gels, the amount of flurbiprofen permeated
during the first 2 hr was negligible, due to initial
resistance of skin to drug permeation. Thereafter,
more drug molecules permeated and the rate
became constant over time, so called steady-state
permeation rate.

Fig. 2 shows that the skin permeation rate of

2

Amount Permeated, ug/cm

Time, hour

Figure 1—Permeation profiles of flurbiprofen through ex-
cised rat skin from 1% flurbiprofen gels containing 10%
ethanol and different amount of poloxamer 407.
Key : O; 17.5%, [1; 20%, A; 22.5%, V; 25%.

flurbiprofen decreased from 18.96 to 8.84 ug/cm?
/hr as poloxamer 407 concentration in the gel
increased from 17.5% to 25%. This decrease may
be due to a reduction in the amount of free drug
molecules, in the aqueous phase, available for
permeation through skin. It is expected that, at
higher poloxamer 407 concentrations, more mi-
celles are formed within the gel which would
entrap more drug molecules. The increased en-
trapment of drug in the micelles lowers the
amount of free drug in the aqueous phase of the
gel, causing a decrease in the permeation of flu-
rbiprofen through the skin.

Effect of Initial Drug Concentration on Skin
Permeation of Flurbiprofen

The effect of initial drug concentration on the
skin permeation of flurbiprofen from the gel was
evaluated with Formulation B in Table I in which
only the amount of flurbiprofen was varied while
those of poloxamer 407 and ethanol were fixed
to 20% and 10%, respectively. As presented in
Fig. 3, the permeation profiles from these gel‘s
shows a lag time followed by a linear segment.
As the concentration of flurbiprofen changed from
0.1 to 1%, the skin permeation rate of the drug
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Figure 2— Effect of poloxamer 407 concentration on drug
permeation rate through excised rat skins from 1% flur-
biprofen gels containing 10% ethanol.
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Figure 3—Permeation profiles of flurbiprofen through ex-
cised rat skin from 20% poloxamer 407 gels containing 10%
ethanol and different amount of flurbiprofen.

Key: O; 01%, (1:02%, A; 05%, V; 1.0%.
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Figure 4— Effect of initial drug concentration on drug per-
meation rate through excised rat skins from 20% poloxa-
mer 407 gels containing 10% ethanol.

increased from 1.39 to 18.01 pg/cm?/hr. The plot
of skin permeation rate against the initial drug
concentration was almost linear as shown in Fig.
4. Although a nonlinear relationship between per-
meation rate and drug concentration was often

observed for the percutaneous absorption of
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Figure 5—Permeation profiles of flurbiprofen through ex-
cised rat skin from 1% flurbiprofen gels containing 20%
poloxamer 407 and different amount of ethanol.
Key : O; 10%, [J; 15%, A; 20%.

drugs from vehicles, the increase in the initial
drug concentration, generally, results in a linear
increase in the permeation rate of the drug, as
long as the drug is completely dissolved in ve-
hicle.

Effect of Ethanol Concentration on Skin Per-
meation of Flurbiprofen

Ethanol has been commonly used in transder-
mal preparations of NSAIDs as a cosolvent to
increase the solubility of the drug in the vehicle.
However, in this study, ethanol was added to the
gels to evaluate its enhancing effect on skin per-
meation of flurbiprofen in the gel. The permeation
of flurbiprofen through excised rat skin was de-
termined at ethanol concentrations of 10, 15 and
20% in 1% flurbiprofen gel containing 20% polo-
xamer 407 (Formulatiori C in Table I). Flurbi-
profen did not dissolve completely at the concen-
tration lower than 10% and the formulation
did not gel properly at room temperature at the
concentration higher than 20%. The cumulative
amounts of the drug permeated through the skin
from the gels containing different ethanol conten-

ts are shown in Fig. 5 and the permeation rates
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Table I —£ffect of Ethanol Concentration in the Gel on the
Permeation of Flurbiprofen through Excised Rat Skin from
20% Poloxamer 407 Gel Containing 1% Flurbiprofen

Ethanol Conc. Flux K
(% W/W) (ug/cm®/hr)
10 18.01 +2.97 0.26 + 0.06°
15 19.66 + 8.32 0.29 +0.07
20 19.91 + 3.53 0.31 £0.05

*partition coefficient

"mean *+ S.D.
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Figure 6—Permeation profiles of flurbiprofen through ex-
cised rat skin from 1% flurbiprofen gels containing 20%
poloxamer 407 and 10% ethanol at different pH.

Key: O; 30, [1; 40, A; 5.0, V; 6.0, O; 7.0

determined from these profiles are presented in
Table II including the partition coefficient calcu-
lated with lag-time method.” There was no sig-
nificant change in the permeation rate among the
ethano! concentrations employed. The partition
coefficient of flurbiprofen between the skin and
the gel did not change significantly, neither. It
indicates that the concentration effect of ethanol
on skin permeation of flurbiprofen was negligible
in the concentration range employed.

Effect of Gel pH on Skin Permeation of Flur-
biprofen

The percutaneous absorption of weak acidic or
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Figure 7— Effect of gel pH on drug permeation rate through
excised rat skins from 1% flurbiprofen gels containing 20%
poloxamer 407 and 10% ethanol.

basic compounds is known to be affected by the
pH of the vehicle due to the pH effect on ioni-
zation of these compounds.” '® The effect of gel
pH on the permeation of flurbiprofen through
excised rat skin was evaluated using Formulation
D in Table I, of which pH was adjusted to 3, 4,
5 6 and 7.

As shown in Fig. 6, the linear increase of flur-
biprofen permeation through rat skin was obser-
ved following a lag time for all of the gels studied.
The plot of permeation rate versus gel pH in Fig.
7 demonstrates that the permeation rate of flur-
biprofen was pH dependent, reaching a maximum
value of 18.01 pg/cm?/hr at pH 4, which is almost
identical to the pKa of the drug, 4.22."” The per-
meation rate was 54 times faster at pH 4 than
at pH 7. Chi also showed, in the permeation stu-
dies of ketoprofen through rat skin from poloxa-
mer 407 gels, that a maximum skin permeation
rate occurred at the pH close to the pKa of the
drug?
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