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INTRODUCTION

In the past two decades the research conceming
pedermal drug dehivery has expanded prea y
Jon has fong been looked on f:nlnmhi) 1'\'“ 1:.".("‘-”:1‘
g admimstration. Much cffort has been spent to
soelop tranedermal dosage forms, which aeate
PRTUE effect. Drug therapy  via perontancous
orption can be carmied out i a sumple way and has
yous  advantages with respect o sustamed  drug
dease over a farly long  ume, and  avorhng
gustromtesunal side effects as well as a first-pass effect
o the drug

Noasteroidal anti-inflammatory drugs (NSAIDs)
are widely used as analgesics, and i the treatment of
locomotor pathologies and of local inflammation n,
Naproxen (NA) 18 a member of this group and
unfortunately, like other (NSAIDs), it caries the risk of
l,'astmimcstinal irrtations and a pumber of other side
effects such as nauses, vomiting, headache, efc. To
overcome the disadvantages of NA. several attempis
have been made to develop a topical dosage form
having Jocal activity without  systemuc  loxicily.
Percutancous  absorption of NA and the resulung
ati-inflammatory activity Using animal and human
models have been reviewed 25, (els are widely used
& dermatological vehicles. Besides oleogels and

hydrogels, transparent gels containing water, oil and onc
en described and used

or more surfactants have be - :
extensively in cosmetics and pharmaceuticals. The
terminology “ransparent 0il-walet {TOW) gels” has
‘been  proposed carlier by Provost® for clear,
bhomogeneous, optically isotropic, thermody namically
stable, ringing semisolid syswems.

: The purpose of the present study was 1o
" formulate NA in a topically applied TOW gels, i order
10 overcome  the  side effects - shown. on oral

' administration of e drug and to evaluate and compare

- the térpi(i:gl bioavatlability of NA from TOW  gels with
- {hat from conventional topical bases.
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EXPERIMENTAL
Materials ¢

Naproxen (NA) was of phamu\t(\[xvci;ll (H.l’)
prade  (Synopharm,  Hamburg, Germany).  The
sorfactants were commercnl lots, ;xvl,\'m}'&“h)""“‘ (30)
cetosteryl alcohol (lumulgin B3; Henkel, l)uss_cldor_f \
Germany) and polyosyethylene (7) glycerol stean¢ act
ester (Cetiol T Henkel, Dusseldord, Germany):
Sorbitan mono- oleate ( Span 80, Atlas, D-Essem
Germany); Sorbitan sequivleate ( Ardacel C. Atlas,
D-Essen, Germany), Isopropylpalmitate (S.C. Feder,
Brussels, Belginm) o Oleyl oleate (Cetiol, Heokel,
D-Dusseldor), white  soft paralTin; white  waxg
spermaceli (B. . grade) as the hipophilic cmnpopml.
and distilled water All the other chemicals were cither
of analytical or pharmaceutical grades and were used
without further purification.

Methods :
Composition and preparation of TOW gels:

The composition of different formulations s
dhown in Table 1. The TOW gels were prepared by
heating a mixture of Cetiol HE. Fmulgin B3 and
isopropylpalmitate n a water bath at 75°C. (NA) was
solubilized in the melt. Water (75°C) was added and the
preparation was stirred and allowed to cool to room

temperature

In vitro release studies :

An aceurately weighed one-gram of the sample,
was placed on a picee of standard cellophane membrane
(3032 Fischer Sci., GB-London) which was previously
soaked in water overnight and then dried. The loaded
membrane was {astened on the open end of a glass tube
havinz a surface area of 4.45 cm?, usi ik |

24 45 em-, using a silk
dien ity . ing a silk thread.
e s then immersed into 400 ml of phosphate
uifer (ptl = 6 ined 1 ‘

(g ). contaned n a 600 ml beaker |

- maintzined at 37 + 0.5°C in a constant temperature

;,z;m bag). The whole assembly was stirred at a rate of
3 rplm.'.. ! of the buffer was placed directly ove
;;mllz;‘ ;?ﬂ;; the glass tube. At each sampl'u; '“t: e
g ’ g : i . ! ey

: - 30, 45, 60, 75, 90, and 120 mimucs?. 3 m? :tl
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uinneouny Absorption in Rabbits ¢
: , I

W hite male New Zcaland rabbis, werphing @ |

M:. ~“ ere ed for perentancow absorphion release
\,:::::l‘“;q l“:':‘_:(“f""'““ were utilized for cach mmpl'r 1 lf("

: ¢ Lasted for 20 hand ther back skin wad
ll\\‘\‘ll."t'llu"ﬂl_\' shaved 12 h before the l'\p('lllm‘l\l 1he
site of application was visually inspeeted (© ensure (hat
o detmatological irrepulunities existed o @ dry skin
mf“““”"" are present. Then exposed area Wi ¢leaned
Hsing deterpents and thorough washing with water and
perfectly doed. The formulations Wit applicd (g
erthier of the TOW pel, the h)‘tlllr;:rl or the ll)drupllilit‘
base contaming 5% NA ) on the rabhits dor <al skinover
a8 x 12 cm area after liberation ol the animals from
their boxes. Following application. blood samples, cach
equal to (3 ml) were colleeted from the ear vein of the
rabbit 3 min. before and every hour up (o 8 h ater
dosing. During the appheation, the rabbits were Nouscd
in individual boxes where only restricted movements
were alowed for a 8 h perod. The contact of the rabbits
back skin with the upper parl of the hoxes was avoided
able boes. The samples Were allowed
for 15 minufes and then
xm was separated and

by choosing suit
to clot at room temperature
centrfuged for 3000 pm. The sen
Kept in a freezer until analyzed.

Extraction of Naproxen from Serum :
Naprosen was extracted from the serum using the

method developed by Broguaire et al ™ One-hall ml
of the serum was taken into a test tube and 1.0mlof ]
M potassium chloride buffer (pH = 2) was added 10 it.
The misture was shaken on a Vortex Iixer and
extracted with 6 ml of chloroform for 20 minutes. The
two phases were then separated by centrifugation at 300
ypa for 10 minutes and the aqueous phase was
discarded. The chloroform extract was transferred into a
test tube and r\':q)omted to dryness at 60 °C under a

gentle stream of nitrogen.

HNPLC Analysis :

: ‘The samples were chromatographed on & cyanide

" bonded column using a mohile phase of acetonitnle

0. 005)Mdibutylamive phosphate (20 .80 v/v). The flow

pute was adjusted to 2 mi per minute with an infet

e pressure of 2000 psig. The recorder chart speed was
“adjus'_wd to 0.1 inches per minute. The ulraviolet
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RESULTS AND DISCUSSION

In-Viiro Gtudies
In a previous
defined 2 concentrd

study . Provost & Kinget @
tion range for the semi-solid
formulations of drug-dree TOW gcls consistng of
isopmp)‘lpalmilalc. Ii'lllll!g”’ B3, ‘Cclml HE and water,
The concentration Jimits specified for 'TOW gel
formulation Were followed 10 exclude f()nnauon of other
glructurcs as micellar solutions, emulsions or creams In
a first approach, the influence of (NA) on the
consistency and appearance of the TOW gels was
investigated and only the formulation which showed an
able semisolid consistency was chosen for further
| work. The in-vitro release of (NA) from
the TOW gel was carried out over a period of 2 hr for
different (NA) concentrations. From the results shown
in (Fig1), 1t appears that the drug release is
propotional 10 its concentration ~within the
concentration limits under investigation ie. 5% NA
showed the highest release rate within the 15 min. The
efficiency of the TOW gl for delivery of (NA) at the
5% concentration level was compared with three other
dermatological preparations, namely @ 2 hydrophilic
base, 2 hydrogel and a w/o emulsion gel (Table 1, Fig.
2), The rate of release decreases in the following order:
TOW gel > MC gel > hydrophilic base > w0 emulsion
basr;. After 2 b, the amount released of (NA) from TOW
;l;;l is about ?.‘9: 1.7 and 1.3 times greater than that from
h’cdrw;-ol emulsion base, the hydrophilic base and tbe
s e :";‘Rfcuvcl;,. The fast release of (NA) from
the n;n-]:jwls dl’w & ‘the fact dxg( the incorporation of
ar (NA) in the TOW gel, which 18 2

accept
expenmenta
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Table (1) : Composition of the diffcrent bases.

u

*f' 50 Ao 60 Ao 100120 140
T e (miln.)

P, (20 Indlenee of base comprostiion v the 1t oy
flapnonen from dilfesent bagen contsitisi

RORLY
w/w) dmg. ‘“) “‘v'v u“ { ) ."-"’ }i,l-l;vl/' J 4
droplilie bane and ({1 ) wio emulsion base

'l nes "'

————————— ——

( \ B

TOW pel Hydropel (MC GIEL)

e D

WIO enmisoid gel Hydrophilic b s

oe
Isopropylpalmitate 8.0 g | Methyleellulose 50 p White wax 186 g Whﬂc Petyolatim "Z‘::: [s
Emulpin B3 IBO p | Waterto 1000 p | Spermiceti 94 ¢ Stearyl Alcohiol i’ ;:
Cetiol HL: 150 ¢ Oleyl oleate 24 1y | Vropylene plycol ] ‘(; 7
Water to 100.0 g Sorbitan mono-oleate 27 g | Sodinm lauryl sulphate 1.0'g
Sorbitan Sesquioleate 4.0 g | Water 1o 1000 g

Water to JOO0 g
- S

monophasic system, resulted in maximum solubilization
and thermodynamie statality of the poorly soluble drug.
The release of the drug from the MC gel s less than that
from TOW gel und this may be due fo interaction of the
drug with the gel network and the high viscosity of the
fTuid phase filling the pores of the network . As for the
release from the hydrophilic base, which contains
petrolatum, appears to be better suited for (NA) than the
aqueous phase. The slow refease of the drug from wio
emulsion gel may be due to the fact that, (NA) exists in
this base as bound and dissolved i the external phase of
the vehicle. Because of the very poor water solubility of
(NA), partitioning between the oil and the water phase
of the wio emmnlsion gel is negligible,

The analysis of the release data of (NA) from

different bases were carried out using the Higuchi -

equation ®) which is valid when the release of drug from
the base is less than 30%. The diffusion coelficient of
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(NA) lrom different bases was calculated using Fry (1)

Q=2Co.A.(Dt/ )% (1

Where, Q is the amount of drug released [mg), A
19 the area of the diffusion membrane [cm2]; Cos 15 the

itial concentration of drug in the bas « [my cm? 5, D
is the diffusion coefficient {em 2 /s, and t 13 the titne
after the application (scconds) and n = constant

These results indic
release rale on the diffus
dependent among
the drug in the

ate a direct dependence of the
on coelficient, which in turm 15
other factors such ay the solubility of
base. Therefore, a greater release of drup
en there is Jess affinity of the drug fox lh::

gel f()r’nLl—a?I"kL ' L:Li‘
g R " ».
100 X 4 ad
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Table (2) : The caleulated diffusion, Permeability and

R ! " . » ‘
Parntion coefficients for tested bases using the i L
release data

( Dl fusion Permeability | Parubion
Rasc Coefficient [D. | Coefficient | Coe! [Iﬂl’-"‘
108 em¥isec) (P) (Kp)
{p. 10 ¢m
sec.| |
TOW  Gel 1.59 65 448
Emulsoid Gel 0.57 0w 6.14
Hydrophihe 1.59 172 5.62
Base
Hydrogel 2.70 441 506
\ -

The permeability cosfficient values of (NA) for
each base were calculated according fo TFick, s Law of
diffusion;

Q=P.A. Co.t (2)

Where P is the permeability ccefficient [em/sec.]
and the other paramters are the same as for Eq. (1). Th"'
highest value of 6.5 x 106 was obtained for the TOW
gel formulation (Table 2).

The partition coefficients were calculated by
utilizing the q. (3),

Kp=p. WD (3)

Where Kp is the partition coefficient, P is the
permeability coefficient [em's]; h is thickness of the
membrane [cm]; and D is the diffusion coelficient [em?
isec.].

The partition coelficient factor is considered as
one of the important parameters [or the estimation of the
interaction of the drug with the vehicle and the receiving
medium. The partition coefficient values of the various
formulations are given also in Table 2. It was observed

~ that (NA) had a lower partition coefflicient in TOW gel

.48) or less affinity for the base. Therefore, g, o
G ) o

had a faster release from this particular basc.
JHIUE R LS
n of the release dapy, Was

. <timatio
ciouge  estimation © oy
Kined first order Kinetics top

adopting 7€70
tion.

Pcl—mnncd : 4
with Higuchi equd
clation coefficient (p) |
The values of the corre . e
ed -nlqlf;blc (3). From the table and (Fig. 3 Edyis
clt(t'f ,l:s (hat the releas¢ of (NA) from all bases i j,
ODVIt

ent with the well known Higuchi model.
.'lgl'(‘L’

Bioavnilabilily study

ancous absorption of (NA) from ejiher
methyleellulose (MC)  gel or
hydrophillic base Was studied in rabhits'. The mean
} m  concentration of the .(ln'lg VEISUS fime
5‘|r;zljunships obtained after appln.cau(-m O.f the fested
;((;mmlutious in rabbits are sho'wn in Fig. .(3). Provos et
al, (10) compared the pcneualnor: rate of a hydrophilic
and lipophilic drug frou_l TOE\ gels, as used here,
through human skin in vitro. They concluded that the
penetration rate for both drugs was coml)gmble with
formulations using other commonly used vehicles.

As shown in Fig. (5), the maximal serum
concentration, Cmax for TOW gel was significanty
hioher in comparison with the other formulations M(C
gei and hydrophilic base. For all formulations tmax
value were around <+ h. The areas under the serum
concentration versus time profiles (AUCp.gy ) were
calculated by utilizing the trapezoidal method and are
shown in table (4). ACUg.gp, values were significantly
higher for TOW gel in companson with the other
formulations. A good correlation has been observed
between the m-vitro and in vivo release data of TOW
gel and the hydrophilic base. The in-vitro release data
indicates (hat the amount of (NA) released from TOW
gel was 1.65 time as that released {rom the hydrophulic
base. Also the in ~vivo data shows that the AUC for
TOW gel was 1.65 time as that from the hydrophilic
base.

‘The percul
e TOW  gel,

Table (3) : Mathematical treatment of the in -vitro release data of Naproxen

from different tested bases

. _
Base Zc}go—ordcr kinelic First-order kinetic Higuchi Modcl
AL I K r D. 10® r
gmint) (min.’1) (Cm3/sec)
TOW Gel 087
Emulsoid Gel ?)(():3 t?:f()’f e 1 g s
Hydrophilic Base 0022 0,960 87%9']0.': o1 07 o
| Hydrogel 009 g5 | gt 0367 AR et
23 .60 3.10-3 .93 270 (WXLJ

K= Specific rate constant

- I'=torrelaton ¢ocfficient

_D': Diffusion coefficient

108,
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