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Evaluation of Various Vehicles and O/W Microemulsions of
Flurbiprofen as Transdermal Delivery System
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College of Pharmacy, Chungnam National University, Taejon 3056-764, Korea
(Received May 15, 1998)

In order to reduce systemic side effects following administration, flurbiprofen was formulated
as O/W microemulsion consisting of the surfactant, oil phase and aqueous phase. Particle size
distribution, apparent viscosity, solubility and skin permeation of flurbiprofen in various
vehicles and microemulsion were evaluated. The domain of O/W microemulsion's phase
diagram had difference between oil types and the area of O/W microemulsion was wide
distributed by adding to PG and cosurfactant than that of water alone. As increasing 10, 15
and 20% of Brij 97 content and 1, 2.5, 5% of oil content, the solubility of flurbiprofen in O/W
microemulsions and various vehicles was 400~1,000 and 10~500 times higher than that of
control. Also, apparent viscosity of soybean oil microemulsions was higher than that of IPM
microemulsions and that of vehicle were increased as increasing vehicle content. Since skin
permeation of flurbiprofen decreased as increasing viscosity, in each vehicle, it was not affected
2% B-CD and decreased as increasing PG content and to 2, 5 and 10% of HP-B-CD. In O/W
microemulsion, 5% soybean oil, 20% Brij 97 and 75% water(A-1) with high viscosity showed
low skin penetration.

Keywords— Flurbiprofen, O/W microemulsion, p~CD, HP-B-CD, Surfactants, Enhancers
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HEFA Do 2A Y J5AS AES A 35T
FEEE

Alek gl 7171

Alpo s vz, BAIERY2ER-(0]3) B-
CD, PMI9), seleEAxayg Alg2YAE-(0]3}
HP-B-CD, $dF<h, PEG8 eHErlTEd ol
(Labrasol®, GATTEFOSSE, France), tlelddze]2
ol (Transcutol®, GATTEFOSSE, France), 5
AP 407(F 127, BASF Wyandotte, Germany), ths
4, oliAz=2hu|g|~Eo|E(IPM) ¥ ZelSAldA#
10 S4YoldBrij 972 Sigmarl, Z2IAIE|EZ
(PR, ZeloldAZelE 400(PEG 400), SEIHE 2 o
ERS-E JunseirtollA T3l ALESTt

7V712% Franz diffusion cell(BUIL Co. Ltd.,
Korea), HPLC(Waters™ 486, Tunable absor-
bance detector, 510 pump, U.S.A.), F3& 247
(Brookhaven Instrument Co., U.S.A) & H%EA
(Model DV-III, BROOKFIELD En. Lab, Inc., U.
S.A) Foltt.

AEHEO| BN

Table I— Composition. of Flurbiprofen O/W Microemulsions

o|AY - A2

o ze d5aet IPME ARSI a AREA
Ae Brij 972 J8ln o 2E 3 /T, 20 %
60% PG 28]3 Transcutol : PG: E(2:2: 1)& A&
slo] Aeox kAT 3RA O/W mlo|AZEA
o] EAlshe 2L AR FHI=E A3t

E=sy|z=HEo| O/W OI0|Z20YMe| M=

O/W nlo]ZZEA-E Table I3} 22 Aol u}
g dFREE IPM), ¥ 9 Brij 972 A3
70°CoA A¥malr|2 maksPas 587F 71ds)e]
Azt :

olr 2x 3l Hx 53

AzE vlolazddAe] YeEXE TABINE
£ AHg5le] HeNe laser 3og 54 632.8nm
2 900 AztEolA] SRt

AEE BROOKFIELD DV-III RheometerE At

- g3le] AedA 2Asgen ABE 0.5ml, cp40

type sensor® AHE-3IT).

Bl &3

EHEE W50, B 2 Brjj 979] 3HECE oFoiW
O/W vlolzzo8A3 %2 vehicle 5ol Y7kl
Zanzaas Zzt ¥a B0 4X7HERE 300
rpmeE W & AAEelEn AR JR-E F3lod

Oil Phase Surfactant " Aqueous Phase

Soybean ss - 20% 60% 100% 10% :

Yo, IPM Brij97 EtOH 'L T F127 3§ B pG  Hppcp Water Mixed
A-1 5 - 2 - - - - - - - - 75 -
A2 5 - 16 - - - - - - - 75 -
A-3 1 - 1w 1 - - - - - - - 9 -
A4 1 - 10 - - - 10 - - = - 79 -
A5 5 -2 - - - - - - - 75 - -
B-1 - 5 20 - - - - - - 75 - - -
B2 - 5 20 - - - - - B - - - -
B-3 - 5 16 - - - 4 - 75 - - - -
c1 - 110 - - - - - - - - 89 -
C-2 - 1 10 - - - - 89 - - - - -
C-3 - 1 10 - - - - - 89 - - - -
C4 - 1 5 5 - - - 89 - - - - -
C5 - 15 - - - 8 - - - - -
c6 - 15 - 5 - 89 - - - - -
c7 - 1 5 - - - 89 - - - - -

c8 - 15 5 - - - - - - - 89

D - 0.25 2.5 - = - - 97.25 - - - - -

Mixed ; transcutol : PG : water(2:2:1)
L Labrasol

T ; Transcutol
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HEEE AF3] sMsle] HPLCE &334t

o] W) 2L Inertsil® ODS-3(particle size 5 pm,
4.6x250 mm), ©]574E B oHEYUEZ45:55, 0.5
% Wt ), FEL 1.5ml/mine 2 45 nmeld =
et

PROIPAE S5t in vitro L|RER™

Table 17 22 A9 O/W rlej A28 A} o
2 714 vehicleZ25H EFu|Z2de] vY T3} 4
AL Franz® 4t AE A3l 37+0.5°C oM =
e 8~10749 4 FE vhyxe 5% )
& AZ3e 1anAgle]l A A AME3IE
Tie] d¥E BAARNZ] F FAE e
ol EFwiZzglol FEE ulolARPAGME
2mg/mi, 48] 71X vehicledlM e FE2S 443 ¥
317l 82 212} 5m¥ donor phase?] 35| 2
433, k2] T3l WAL 4909 cm™)UeH re-
ceptor phases= 40% PEG 400 €9 15 mI= Asich.
2,4, 6, 8 10, 12 ¥ 24717t 0.2mi®] receptor
phaseE AF sla] FA| Z242] 40% PEG 400 &4
o2 W&} AFE receptor phaseslix F3hg
o] Fe B3z AR & 279 HPLCE &%
3Tt

7o) o9 WA Ty E58|Zade] 29
F& ARl U e eI o™ lag-time Wy
= ABEN | 283l Bl ] Falwel v
5o} 71Azke] BeljAl S B3 dehHES o
o] AZ o] 83l Aldalct,

Js=i(d—Q ss=———DKC
A dt h
2
D=
6T,

71l Jsse B IM e FIEE (ng/em?/
hr)e]at A= JEFI7} dofike 93] B4 (cm),
(dQ/dt)ssE BEJeolA e Gz 518 B3
e k2ol Kug/hr), Ce Tl B35 (ug/mi)
°o|3 K& ¢kEe] #ujAl=(skin/vehicle), his 3}%-]
FAem), DE AFE 53 &9 F44HAF(em”hr),
TLTOT lag‘ time(hr)e]tc}.

Ao ¥ IF

M ‘ B 97
Figure 1—Phase diagram of O/W microemulsions
not containing cosurfactant. Key: (a):soybean oil,
(b) : IPM, (c);20% PG(IPM), (d):60% PGIPM), (e):
Brij 97 Transcutol : water(2:2:1)

20% PG 20% PG
@) 0]

M Brij 97:Transcutol(1:1}  [PM

2% FG 0% PG

© @

M Brij STEtOH(1:1)  IPM Brij 9TF 127(1:1)

Figure 2—Phase diagram of O/W microemulsions
containing cosurfactant., Key:(a); Brij 97:Tran-
scutol(1:1), (b):Brij 97:Labrasol(1:1), (c):Brij 97
‘Ethanol(1: 1), (d);Brij 97 : poloxamer 407(1 : 1)

715, B 2 vlo] 2 AAGGA R o|Folzl AHE
=& 2Md38le] Figure 13 2o VERRIT. of 4583
=d Vel 4263 vlolAzoda 9L B
Ao 2 420 WAEES W I AHE 2uE &4
5He Aolth. Brij 97% AHESl] di5{-< IPMe] v}

=
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olAZoEAH I 9L UFH7l IPMET} AHg
AAZo R A YA EX3ET} 298 [PMoE 1
Aela 8402 PG vehicdeS AFEERS W ERo)
o e d94 24 IAHE S E F dsieH
20%0X = B3 & Aol glo] 2dZoz ozt HA|
EXshe gk JIAT 60%ole gl Awg
AAZo = o YA BE3ch E3 cosurfactantE
1112 #713 49 oda) ARBGAZc =2 o YA
331909 53] Transcutol THE: cosurfactantell
vis) GA AxER oW edEo= ¥ YA E¥Ere
& & 9. ol PG A9 cosurfactant’t EX}
7ol syl WER] AoE AlgEet

iRy Ql AT He

Table 19} Aol we} njo]AZ e BAE A28
A=E 243 495 Table IIo] YehR oW mE
AellA B YA 2718 10~20nmolAe). & #
Fo B2 FHE A8 S W AWEAAEA Brij
979 AREEE AW A-120hE cosurfactant® AME3E
AAIE ] TE Al|A ot & s vERITH
53] E5A1 4070] A7 AW A-29) A40lA =
o} Zk2} 17.49} 20.72 nme) AT},

T3 {302 IPM 5%2 AH8-3 B Al9dA = &
2 FHE 34 4070 A7H B-30lA 713 Eo}
16.6nm °|Act. 1#v} 1%E AR C Ao e
cosurfactant® A& 739l & o7} QI9iTh.

Table I— Particle Size Distribution and Apparent
Viscosity of O/W Microemulsion

Mean diameter

Formulation () Appare&tbs\slscosny
Al 14.740.7 17.2
A-2 17.4+0.0 36.5
A-3 13.2+0.05 11.6
A-4 20.7+1.0 46.7
A5 15.9+0.3 20.5
B-1 13.5+0.2 57.9
B-2 13.1+0.2 79.5
B-3 16.6+0.1 169.8
C1 9.5+0.2 10.5
c-2 11.4+0.3 1.4
C-3 11.1+0.8 23.7
C4 11.3+0.7 10.2
-5 13.3+0.7 10.1
-6 12.740.5 10.9
C-7 18.0+0.2 19.8
C-8 10.9+0.2 9%.1

D 10.5+0.9 10.1

1
=

9 7-9] Filof] wjx|e Axe] J32 dolrr| A3t
o nlo]AZAHA AAe} o8] 71A] vehicle] ZH
7] A=E £%% 29E Table I Vol YERIA
t} & 2o 2 [PMETR: USF/E ARSE A5
o] =7}t Fich. B3] A 4070] A7ME AW A-
2. A-4 2 B-3& Z}7} 36.5, 46.7 2 169.8 cpsZ HIF
Fo A Are ode] dRoke E8A 4079 %
o] o&f FIg e Aoz Algdr). Ty oYy
o2 1% IPMS 422 20% PGE AHgs) Axg
CAELE E5 10~30cpse] BHEY] H=3E YER)
= RAoZ Hol odd} ARGAAL] & T 9
& °§ g2 et AL 4 F AT

vehicle?] AEE dleol TolASE Zolglo
o % 3] 20% PGIA 13.2cpselR et 100% PGl
£ 1009cpsE A 7K #E B FUck 60%
vehicle 5 28|23} PGE ¥l A=E Vel
ofehge e %k~ veRiSith =3 HP-B-CDETR=
B-CDelM o Fe Axg Jehiglen 10% HP-B-
CD%} 2% B-CDollA] 22} 21.49F 22.7 cpsel Tt

Sz

29402 FRE ARSE rlo| 2P A ] gt
FEo] 83 =8 &3 20E Table o eI
), BoA ZEn|==ale]l £81%(0.033 mg/ml)el

Table III— Solubifities of Flurbjprofen from Soybean
Oil Microemulsions

J. Kor. Pharm. Sci.. Vol. 28, No. 3(1998)

Formulation Solubility (mg/m})
Control 0.033
1:10: 89 12.47+0.43
1:15:84 16.47+3.06
1:20:79 18.69+2.60
1:25:74 23.32+2.04
2.5:10:77.5 14.77+0.56
2.5:15:72.5 17.40+1.54
2.5:20:67.5 21.23+0.67
2.5:25:62.5 22.60+1.03
5:10:85 13.92+1.03
5:15:80 25.29+2.78
5:20:75 26.44+0.54
5:25:70 30.03+2.33
5:16:4:75" 31.28+2.51
5:13.33:6.67: 75" 27.10£2.55
6:20:74 28.73+1.50
7:20:73 32.04+0.68

a: Soybean oil : Brij 97 : Water ratio
b : Mean+S.D. (n=5)
* Soybean oil : Brij 97 : Poloxamer 127 : Water ratio
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Table IV— The Solubility, Viscosity and Permeation Parameters of Flurbiprofen Through Excised Hairless Mouse
Skin from Various Vehicles Containing Saturated Flurbjprofen

Vehicle Permeation parameters Solubility %{g&iﬁ&f

T Js Kx10* Dx107 (mg/m) (cps)
20% PG 3.98+0.53" 14.67+1.11 55.07+45.36 5.4241.49  0.0414+0.005 18.2
40% PG 3.25+1.24 13.86£1.26 19.17+8.67 5.82:£2.69 0.144+0.01 14.0
60% PG 2.92+0.43 6.55-£0.53 1.19:+0.23 7.70£1.56 0.736+0.13 20.9
80% PG 3.97+0.24 2.2141.22 0.26-0.13 4.2140.25 8.500+1.40 29.9
100% PG 6.08%2.12 1.3440.72 0.27+0.18 2.97+0.98 100.9
40% EtOH 1.42+0.66 7.80+3.11 0.86+0.33 14.11£7.92  0.696%0.06 11.0
60% EtOH 1.56-:0.64 18.1945.3 0.99+0.57 12.26+5.61  16.020+0.16 12.9
60% Glycerol ~ 1.95+1.16 2.12:+0.87 4.23+7.78 11.64+8.20  0.068+0.01 25.7
2% HP--CD  1.83%0.18 3.94+1.16 27.44+7.31 9.18+0.87 1.484+0.02 13.2
5% HP-B-CD  1.98+0.19 3.45+0.39 20.5143.35 8.46+0.88 3.2360.04 16.2
10% HPBCD  2.87+0.29 1.97+0.33 15.44+2.29 5.8240.57 6.290+0.122 21.4
2% B-CD 9.13%0.95 0.11£0.05 0.55+0.19 1.52+0.64 0.102+0.01 22.7

TL: Lag time, K : Partition coefficient(Skin/Vehicle)

Js 1 Steady-state permeation rate, D : Diffusion coefficient

a Data were Mean+S.D. (n=3)

HlE) 400~1,000008 % Z7etAch ool e 1%

400
= 2R3 AWBAA Brij 979 % 10, 15, 20 T
2 B%T 271 W R Eede] SNEE 1247, i
1647, 18.69 % 23.32mg/moI%% Brij 7€ 20% & 300 |
2 stm ool e 1,25 5 6L 1%E =78 2
u) 7t7} 1860, 21.23, 26.44, 2873 % 32.04rug/ml I
o9t} & O/W mlo| AR HAR|AolA] SsH|x2 2 200 -
o golme 0T ANBYA Jo] ke 2 8
Z7hhe & 4 Ak ‘ =
E§ Table [VOIA9l o] SEulmame gz g 100
= vehicle®) ZRdl uta} 10~5008) Z7kei3.0n] <
PG, olgke, B-CD ¥ HP-B-CDe] oo Z7lak2 . |

7. £3] 60% oletE, PG 2 ZE)A S vehi-
cleclA] &3l 16.02, 0.74 2 0.07 mg/mIS2 o
Ehgll A 71 Eqk)

220IRAE S8t in vitro TS F 1}

A#71R] vehicleollr TF T3 AEAAE Fig-
ure 3, 4, 5 2 Table IVell VERASIT}

AWA 0 2 PGHRE A4 GEY LalHZARA
a8lm A ZEZY XA 3-8 keratinocyte?] T3l dgk
< =4 FJ8RY solution capacityE Z7H417]1& 714
of oJ8) A5 FHE FAANA T T FRA2A
R W PGY] o] 51 5 Fapt S0
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Figure 3—Permeation profiles of flurbiprofen through
excised hairless mouse skin from PG vehicles. Key:
0:20% PG, ®:40% PG, V.60% PG, ¥:80% PG, o
100% PG

20% PGANA 274.55+102.07 pg/mi=A 71 &L
Eqe-S Jehia 40, 60, 80 2 100%2 571
2 Ba= 7thsled Zhzh 221.29+123.16, 146.00+
13.60, 47.41+26.93 = 24.09+12.62 pg/mlo| At}
(Figure 3). = PGY] @3] ¥oHATE et 3
T 2% ZTleRAnt By FuRke gadhe Ao
Hol §3l=Re WA o8 o 2 9TS W= A
o2 Alsdd

J. Kor. Pharm. Sci., Vol. 28, No. 3(1998)



146 ojAld - X-g2

150(
€
© 100
>
2
O
(03
©
[}
£
(9]
?—.-. 50 T
5 1
£
£ %
i/
J%g U
5 1

1
0 15 20 25 30
Time(hr)

Figure 4—Permeation profiles of flurbiprofen
through excised hairless mouse skin from B-CD and
HP-B-CD vehicles. Key: 0:8-CD, ®:2% HP-B-CD,
Vv ;5% HP-B-CD, ¥;10% HP-f-CD

0

dutd o2 oFEe] i Tal= B-CDuY HP-B-CDell
oaiM EREtin YA ek HP-B-CDe) ol
2, 59 10%2 S7181H 2411710 3ol FeH o2 F3)
He Z9v)=age] e 87.06+25.93, 76.3519.21
2 42.4246.99 pg/em®E 23K 2%9] B-CDoA
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Figure 5—Permeation profiles of flurbiprofen through
excised hairless mouse skin from 60% Vehicles. Key: ©
160% Glycerol, ®:60% PG, V:40% EtOH, ¥:60%
EtOH

£ 1227E T3yt o] 2ol Pk (Figure 4). © W &
FZ 2] L= 148 3.4 € 6.28mg/mIE F
71t AEE 132, 162 E 214 cp2 © RALE Ho}
PGel A3Aute} o] EFH|=Z=2He] T HE

Table V— Parmeation Parameters of Flurbiprofen Through Excised Hairless Mouse Skin from O/W Microemulsions

"
Formulation (h'gllir) (ug/cﬁllzs/hour ) K102 (Cl]i)l;;ﬁgul’)
A-1 0.86+0.00% 0.3910.23 0.94+0.68 19.39+0.01

A-2 3.64+1.47 0.83+0.49 9.25+7.24 5.21+0.21

A-3 1.39+0.09 1.36%0.94 5.5813.66 12.02+0.79

A-4 1.23%0.31 1.1040.66 3.96+2.37 14.20+£3.57

A-5 0.60=x0.50 - 0.73%0.59 2.48+2.40 18.52+4.91

B-1 6.55+0.76 1.00+0.68 19.14+12.37 2.57+0.30

B-2 6.560.40 2.37+1.63 46.78+29.02 2.55+0.14

B-3 6.49%0.77 1.31+0.76 24.981+12.36 2.57+0.22

C-1 2.78+0.68 3.25+0.53 26.421+2.88 5.13+£0.78

C2 2.76x+0.54 3.4561+0.23 28.27+3.78 6.20£1.25

C3 2.50+0.69 5.63x+0.51 41.55+9.03 6.10+3.58

C+4 2.39+0.18 6.93+1.05 50.8314.66 6.79+0.54

C-5 2.61% 0.2 6.02+1.27 43.69+11.88 6.98+0.52
C-6 2.61+0.20 6.87+1.23 53.92+11.07 6.40+0.52

C-7 3.15+0.53 4.35+£0.54 41.29+9.66 5.40+1.00

C-8 3.87+0.38 5.40+2.91 63.95+35.97 4.341+0.43

D 2.51+0.34 9.51+2.23 67.9217.82 6.74+0.61

Ty, Lag time, K : Partition coefficient(Skin/Vehicle)

Js : Steady-state permeation rate, D : Diffusion coefficient

J. Kor. Pharm. Sci., Vol. 28, No. 3(1998)
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Figure 6—Permeation profiles of flurbiprofen through
excised hairless mouse skin from O/W microemulsions
(Soybean oil 1 and 5%, surfactant 20%, water). Key:
O:A-1, ®;A-2(4% F127), vV :A-3(10% EtOH), ¥ A-
4(10% F127), o ; A-5(10% HP-B-CD)
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Figure 7—Permeation profiles of flurbiprofen through
excised hairless mouse skin from O/W microemulsions
(IPM). Key:(a) ©:D, .51, V:B2, ¥:B3 (b O
C-1(water), ®;C-2(20% PG), vV.C-3(60% PG). V¥
C-4(20% PG, 5% EtOH), o ;C-5(20% PG, Labrasol), =
 C-6(20% PG, Transcutol), A C-7(20% PG, 5% F 127),
A ; C-8(mixed, 5% EtOH)
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S ol 60% PG vehiclex 422 ALE-E 2w
A o] & F2E Ve Ao R A7) 53 A
3 C A E S4B ARSHE AT C-10) |
A 20% PGE AMES TR AelA o] £& £t
BIE Hoj 9t

g BaERlARA de] duA e 5% o,
Labrasol 2 Transcutol 22} cosurfactant®A] 5%
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9] Brij 972} £35k] A3 AW C4, 5 € 6ellXe
24NZE ol Fol| g ke Brij 97 10%E AXF
At €29 75.774+6.52 pg/em’™l Hlsle] 152.38+
23.55, 133.89+29.42 2 150.691-27.63 pg/em’C2 ¥
A Ve 85 B2 AR A o) Bl
= 2% 21 FaERE B9ov) ©olE cosurfactant
= 20% PGS vehicledl] B8} 25 B2 S318E Hol
FAct.

Avtzoz ZRu|Zadel i Tl Yo 9
M G Pomg o HATR Y AAY P
7F glom Axo]9)e] vehicled] AAld] oHME 4
&g W= Ao g Alggr},

Zd B

1. E3)= 2] S3=E controlol Bl&] vehi-
cedt O/W wmlelamzddAddAN Z 10~500 %
400~1,00080 =obg e Brij 973 2o} o] S}
g 5 F7sKh

2. O/W volagddds 34 4492 IPMEY
FRol AR EgAZ ez YA ExEH e 4
3} cosurfactant® H7 1l wa} HojF.

3. O/W mio|ZR g4 YA V)= U9 FF/
o) M} & 2]/t glnom BE Aol B YA
Z71+E 10~20 nme et

4, 87| A=e [PMET O5-R/E o] §3 vlola
2o dAH AANA 232H vehicle?] o] Fold
5 golxth

5. EFv|zade] wERIE FEe vehicled] &
Foll 28] 9 wol PG == HP-B-CDY o) =
71 & A=A

6. PlolAZAEAL FRolM lag-timeS Zols
o} Balgke A9on YO E 2% PGE A3
A C AN 718 £ FHEHE VeRIITH

7. nlo)AR2HE AL cosurfactant A7}2 F5&2
71t oY 1 F5F9 Role AA gsih

o)3e] AL Bl molARAEAE o] & F
Fo|Zz3le] BRErADA] A drs AR
7} X119 ZARA AAAAZA NE 7FeEE Al
Al &t
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