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Flurbiprofen (2-(2-fluoro-4-biphenyl)-propionic acid) % — # 3k &
B2 #A4L % X &) (Non-steroidal Anti-inflammatory drugs, NSAIDs) - £z &
W 1% F & flurbiprofen Z R EF]EH 3 £ 4 |85 > Hb
AR L flurbiprofen S MME FH B A S X B LB LT E R
2 M& (first-pass effect) &4 4 g #3418 1 (controlled release) &
BEIAR DR EIRE - BB @5 {4 T £ 88 (cariers;
vehicles) Z A F] g A BMBE L & F RWHE S > 5424 flurbiprofen %
BB RTEAMEB L ERB AR FARSRAEBNE LRI
BHRE o At EMR o B EBIMP SR A BN RIBHET > AR
T ERERZLUAL cellulose BEARKDSE BT ERAERE &
HEFLMIARBD AT IR ETERNE L RE LR BOH
1%y 71 B0 FARR, flurbiprofen 74 MR 2 & L RUCAE S » R K
FTREBERETUBUFRIATEABMNE - THREZEF
carboxymethyl. cellulose 7k M i B B % 8% & 2 # 8 20 R 2
flurbiprofen 42 & RULEE 7 + M A ABYIEBI# 3 R € 3% ho flurbiprofen
ZHFERFE o —AF|24REA P A d-limonene LA H AR EE
o ABRGBETBRERAIRERRA KT A4 flubiprofen & &

BRUABE - BNRRERERAE T BRARGRANLEFERS



% 4E47 flubiprofen 2 4 & - 3 T X RBRLE R THA AR

flurbiprofen & R RUELZHIM L FREUB 2 54 -

Bigksd ¢ flurbiprofen ; 48 R 8y & & 4 AKRPEEERL © 48 & B



1, Abstract

Flurbiprofen is a chiral nonsteroidal anti-inflammatory drug of the
2-arylpropionic acid class. It is one of the most potent inhibitors of
platelet aggregation currently available. Because of its short elimination
half-life of 3.9 h and requires frequent dosing, a long-term percutaneous
absorption of -flurbiprofen at a controlled rate is needed. This study is
focus on the use of chemicals to alter the skin permeation and drug
retained in skin of flurbiprofen. The cellulose polymers with or without
charges were used to form Ahydrogels as the vehicles of flurbiprofen. The
result shows that carboxymethyl cellulose-formed hydrogels exhibited an
excellent vehicle for flurbiprofen to permeate across skin. The
incorporation of cosolvents into hydrogels did not enhance the
transdermal flux and drug reservoir in skin for flurbiprofen. The
d-limonene, a cyclic monoterpene, sl}owed the highest enhancement for
flurbiprofen permeation among a series of enhancers. However,
phospholipid retarded the skin permeation of flurbiprofen which was
opposite to the other enhancers. In the in vivo experiments, no detectable
amount of flurbiprofen was observed in the plasma of rat during 12 h
after application of hydrogels with or without d-limonene. The results of
this study is helpful for the future development of transdermal or topical

application of flurbiprofen.

Keywords: flurbiprofen; transdermal drug delivery systems; hydrogels;

enhancers
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—2 — ! Flurbiprofen @ % B ARZBRT %

Flurbiprofen (2-(2-fluoro-4-biphenyl)-propionic acid) & —#& Jk B 2
#E A £ B (Non-steroidal Anti-inflammatory drugs, NSAIDs) + H A
Fab B A R RBHRE BIF BN LRI ZH R BT flurbiprofen #p
%) 8% 9 prostaglandin 4 pg 2 24 £ # indomethacin A4 > B # ik
leukocyte chemotaxis Z % ¥ 85 2 1F A #& % (Crook & Collins, 1975;
Adams et al., 1977)- fy B flurbiprofen #p#| o AR R 48 2 48 /7 BR £ 8%
B4, NSAIDs ¥4 %% (Marsh et al., 1986) » B b4 B —4a &
B ZIEHEY REMEHEF & flurbiprofen 2 AN £ 7R
# 3 2 4 8 B-BBEHRRB-RA 3 EE 4 Rt
NSAIDs #4n % & » HiA AL flurbiprofen 4-3if L4 & &) & £ 47
F X IE UL PTG B A& (first-pass effect) &9 4 3 i 8]4r %]
#Z 4 (controlled release) #9 B YAV IZHIAER - b2 dh > OER
flurbiprofen £ 37% & % &2 Y € A £ B B E HE M A
(gastrointestinal toxicity) (Sheldrake et al., 1977) B $b35 At BA & & F =,
HAERFTRBESER - BERE LRI RKARB AT Edh2
FERABEBAR B ERAEAHE L HF K38 (Finnin & Morgan,

1999) » # flurbiprofen 4 B #| & # 2 4 NSAIDs #4440 : fenbufen,



ctodolac, fenclofenac # % 4% (Marsh et al., 1986) » & s 3 2% 84
flurbiprofen T TR B X B F AL X E BB B 89 - Mk K
flurbiprofen = & 8 # & & & # oxicam # A4 % » /2% 4 Finnin #
Morgan # 1999 # Journal of Pharmaceutical Sciences (Vol.88, Page
955-958) MR X BRI FAME > MGz B EME LRI By
EFRFIBELERBHLMM O hEHFL MR ik
ZERIED MAITA > BB E O RAE T AR - Btk
BRI Z A N AR R AR R 2 BB eIy R BpAE ut
BYURRHmBEFXLFr 88 (carriers; vehicles) 2 R F &

ABEEAEERERES  ZRDERBREANER L BB R

d}_

BB ABSREBEAEE > —HHETRSER SR 2B A
BERAKX AR EFE B R EHER ARKRER/RENS GMCo) Fn
1997 4 935 —4& flurbiprofen 2z 86 A & # 4] (Minnesota Minning
& Manufacturing Co., W09723205-A (1997)). - B 5 B A3 R A4t
Bl & RERE ~ TiELEHE (sustained release) R LB — %45
B ERTHEIHNES Y S BRA T AN L LARASD @
ERNTHREXZHMAERTIVPRGEEFE T RBMARBREHE
E-AAHBEERMTASBATILE BAESREEAN

AT BRI R AR MBA ST EORBLER



T BATRERAANBHZEFLASR  HELEWMAZ LM
AR > WwESHWEAENBEE MERAATEEENA
(occlusive dressing) » 75 & # 85 L1 5 fUT B A RS HROT A%
ARz PSR o 42 EAR 0 A4 flurbiprofen B a4 > et Bk
MEBERFERBURFLAMIRAEABRNERBUWAAR - RIS
BERIBT V&> FH 44 (polymers) sish > Hepfhfr i
ARG B M A RAA L8 E0E  mASMRERY R
Ak HEEBCERS Kimetal, 1992) 24 F 2 842 742
RITTHBRBRFAWACEE A EE B8R L ZHH Y
RRE - MR BRERT LA AR B0 RER I
RAOMLAAS T ]2 RACHS B MUk RB AT HEL
33t 3 B T flurbiprofen M Sh T i B R LS & BRI K K E A

AR B MEE -AARARBLTIHF RN AN BEARE

et

AR o

P EEFAZLNBIXTAMAREBRUACERUBHER
ZAMAECHEER 10 BREBEALEF E (Fang et al, 1995,
1996; 1997; 1998; 1999) » #tER I —F X EZ R F HEHR K » &
b— AP AL ARGREAMLEEROBLEBEANEE Ry

B oNAKTETFREARBANRBEBEZ S0 TRV EAHBM A2



B I R Z AT ARR R E % P 2R 444 6,45 ¢ Carbopol 934 -

polyvinylpyrrolidone - Eudragit & methylcelluloce & o K3t Z FrE
RZReHatETHRTEMZRAR TR (chitosan) ~ e T
2 carboxymethyl cellulose (CMC) & & % % .# 2 Pluronic F-127 #u
Gelrite - R R FRABBART LAEHRFIZELSY - FFHRBE
T4 B TSRS L 8BILE S (Luetal, 1999) - sb R A
BT RREEEAMTARGRE  wEHFE - ABRAEZRSRER
Bt (Luetal., 1999, ; Tsai etal., 1999 ) - i Fp ¢y CMC & — &4
AR B 7K I 45 4 & (water soluble cellulose) » K2R 47T BB 24 B4 id iy
46950 (Doelkeretal., 1987) - 2 Tth#t f CMC & AR oy %
&t (counterion) » %u-NH," & -Na'#y #4784 ° Pluronic &4k A
LEEGMERAAOR S — WBELSDOBER TR A TiEMY
BB E - 20-30% W/W # Pluronic ﬂié‘%éﬁﬁiﬁ-f&;&iﬁﬁ AT
:zzmﬁ(TC) i 42 88 8 F R R R kB ( Barichello et al., 1999) ¢

Gelrite zﬁ%&%ﬁ-@%ﬁmz\%&%é@iﬁﬁ Bl Z 4 { &My
B 3E#E (Rozieretal, 1989) B A% RAMNRAEE > BATH 2
HEMEALNUGAGED2BLES  c U LwRHBESHREHNY
BRI B SR R B A SR ) Ee ) Ao SR AR A

binary # Z# triple polymer systems A2 & 4k sb2 ] 2 £ 25 il %o



chitosan Z MM & Pluronic 2 @MW 3% » WABRRBER®

BEARZ A MR BmiE A o

Z2 = BB A 42 1§ M (Trnasdermal Drug Delivery System)
2-2-1 %

Fir3f % 1 81 % % (Drug Delivery System)Z | F &4 M il %
oy Iy ke R IR AR AF 5?'%%45&&&:1%2\%?9 P AE BB MR ME K
WRAGANR - TEMNIREL L EHANIEHENBLE &
BB BYRFERRBEANMNLT  BEWEBE L %P E L K2
MERERHRE - ARAGERRANER FE > AN LK LTH
BHEPILRA 8 RBABELBYRRAEEEOLR  — L EFHRE
AL ERBERHAS 2M° A5 IR0 FZ0ATAEL S 0NE
ZEpZ—> BLEEMEL 4R - HBEEN L ERE (Chien,

1983 ) -

2-2-2 g N

ANBE R B o s K B BT 24 B & & (epidermis) ~ H & (dermis) & g
F 42 @ (hypodermis) = & +» A A B 9 & 5P & & B H & (stratum
comeum)Fi A B AHRASRUFIEE - SKED - REHGAY

bt fe iR AT R BT R EMFTEREFRANEREE > &



BELABREBERBELASKRT 2 Reeyinsg (Chien, 1984) -

EHMFEARFNARCREETH AT 5 &4 F X (Kligman,
1983) :

L AR FEAHR

2. Bhtmpa R E A

3. 8B TREE

4 &L RFE

5. &b EAERF A

PN AERE UK BHZFERERESE TR - 2§
BREREMAESEEEDHN01% > BLEHTELF I REUT=

HHE o

2-2-3 B3

ERBEME L FAFERE > TR Ficks law 9 - g &
FAE (FER) 9T XA R UME - X EBOBHREEEIN A A
&h'%ﬁﬁ%@@%iz%’Eéﬁﬁﬁ%ﬁ%ﬁ%%(Dmm
site) » X B R 0547 B K4 %4 2 50K B % 8 5% (Receptor site) » # 4
T ook FE A LB % Bk B8 T — RSP R4 Mk 248
#E (steady state) -

IR s B % Bk ey A% 5 Ca & Cbo M Bif sk S & &



BapetRE A A Cma B Cmb: RIS Eamf N FE ey B & TR
Fick’s first law 2R Ao LA 3R,88
J=dQ/dt = DA(Cma-Cmb)/h..............cceiiiereiciiiieenii, (1)
JARBE DABRGH ARFAEZEBH hHEHMZEE -

EZRKABBRMAERERAERM e 5B hd o A

Cma=K Ca. .. .(2)
CID = K G 3)
DQ/dt =DKA(Ca-COYR....oeee oot (4)

fERBFEHRABEDERAHK 2H8AEAR 548 &¥D-KA

B BFRPAF F iR AP

THATFFAR
AQ/At = PACE. ..o oo, (6)
Q= PACEL. oo (7)

UBMZ ZREIHUFHEME  TH - HEAPACAaHH AL > HA
AR BARETREBYOFEGHP  FEGHNERRENTSR

B e fE

22-4 BRMB AR

BE R AR SR R 0B A (Karim, 1983):

10



1R ARRE BERITE BT UBANSEERELYE

Q

HEAFRBEEY -

2. ¥ RERILE ] TERNBBIBEBREGEY -

3. hBE THRLEYBEABN T EEHKELIBRIREN
BN IR -

4 HRRBRD 0 FREFFAKRRE -

SCRBFE  RARBESHE -

EREBLMERSGCH RARE

L —RENFERARE EHDBFEMRS  ABE N EX

BEH R BGERAN BB X

2 EEHBELEBHRE -

3. BEEE -

4% /& ¥y 8 % 4 (transdermal drug delivery system, TDDS) & 4 #: %
KA UBEANEF AL G HBKA AR RA IR RS
BB BARYALZRKABTSIAR  AUBHTE L
FRREHTHEEARRELLFMAMNBY BENERXURE
N8 B £ > 4w Clonidine, Scopolamine, Ntiroglycerine fo Estradiol
£ o By EEB A F4o Etofenamate, Flufenamic & Niflumic acid

FHRBB BN KB B ERAR RBENEEREET 26 H

11



LB RN B UAELEESER AL o

Z R B

() A EF - AHLBIMFRRARNTFERPOEST > EHME

)

FEEREERUAL cellulose B ~ BB AMEFagREE L
BAXEAEMR B8 Nubiprofen & F » S %
pH 7.4 #£#5% » & & Franz diffusion cell £ B3 E B EN KRR
RAZBEER - M A BRI Y AL Wistar 2 K& R A
K X847+ flurbiprofen ;B EER » #AMEBUE
ERBENRERELHE B QEHKT G IR E L FH K
fERAA R MR (HPLC) R &2 BT A EL IR A AR
AT BN EL - TR EZ @AM -

#d R L — % P flurbiprofen Z AMRB X BIFLEERE

B RUCR BT L8 R B & ¥ flurbiprofen 48 & B H 2 8

Z LIRS RBIHEALUEERN T4 ‘pH HARAERE
(viscosity) F:EH 4 BL R A BT S 09E  LEMNR N
¥t flurbiprofen B 2 = 2 FE /R B S M4 AFT - KR E 57
AL AT ARAKM cellulose HE 2 FEB » EIBLA TR

ZBEBHANENEDELERFREKETESTA =18 steps > & —18

19



step BHEMLIAXMBE T PERER > B 18 step BIARYF
MR B AR BB E A o flurbiprofen Z KM ¥ iE A TR
ZHBEETE BN EAHME @ step WE1E flurbiprofen ¥ ik
REREIETREEZERZM > SO EEMBERRE (release
rate) Tho R BARFALBFERERELKH RIEH G > A
TR M8 step ARFRZTH RIAAHF @ step Hik
BRI -

(3) A A EIAHRAZE LRI ERRESEE @A groups: 5
BAE (1) 18 B FE 4 B X Rfvoishrat > RiE2E R A
— {8 iy 32 B 35 B ¥ 42 1L oleic acid ~ linoleic acid A& linolenic acid
e i flurbiprofen 2 885h&@ & RL M E RFH ERKE (Int. T,
Pharm. 126, 267-274) : (2) Azone A B AT A H £ L REEAR L&A
Az R RER HR—ZRPMEWBTRELHEAR  (3)
d-Limonene % & #4748 5% P #HZ cyclic monoterpene @ H 44w
1,8-cineole ~ eugenol ~ terpeniol £ ST HE IR EHLFZRABET
Z % 5 (4) l-a-Lecithin Bp A paifs » £ — LA TME THBHR
TRt NSAIDs 2 @&k Bk % o

DEhEFLRI BB AT IR TETERNB R R ZF

1%+ BB 1 S R flurbiprofen # 4 B8/ 2 48 & Rk

‘43



e REBATRBBLERETHBUFIEZFT LA AR
Prsb 2 SRS b NSAIDs 84 #0k #3646 015 B R o7 23t
(5) &d Ll — A PRI RN Ie 2 A AR - bk R B G
RRUWAESN ~ BBER - HEALM YT 2484 flubiprofen 7k
MRBHA BERPFENEBRET AT - L ERTR TR
BRELTHARIF BB AEER WAL XELE
PRTRE IR BeY g R P MR REA R EARTEA

=
e ©

14



= MRk
ZZ- M
Na,HPO,, Merck. U.S.A.
Citric acid, Merck. U.S.A.
Acetonitrile, BDH. England
Acetic acid, NIHON SHIYAKU. Japan
Methanol, BDH. England
Lactic acid, WAKO. Japan

Transpore ™, 3M. US.A.
Micropore™, 3M. U.S.A.

7 i A7 F 45 P, Johnson. U.S.A.

AR ER. Taiwan

Parafilm. American National CAN. U.S.A.
CMCNa, WAKO. Japan

CMCNH,, WAKO. Japan

EtOH, FLUKA. Japan

Azone. Taiwan

Propylene glycol, NIHON SHIYAKU. Japan

Pluronic F127, Sigma. U.S.A.
Chitosan 100, WAKO. Japan

ZZ - L RBuHE

#& X F TR 64 Denver Instrument company, U.S.A.

{ 1R



L B VaARIMAG, US.A.

T & % F Metttler Toledo MonoBloc PB 602-s, U.S.A.
2o #4, Denver instrument, U.S.A.

#k.o #%, Digisystem Laboratory Instrument, U.S.A.
#& JE 3t Brookfield, Model DV-2 plus, U.S.A.
WRE E &84 % Scientific industries, U.S.A.
A& E &R Power Sonic 410, Korea

A%k o &£ & Suntex, Taiwan

WRE4S% &S » Talwan

K5 & #% % Chering Huei, Taiwan

HPLC, Hitachi, Japan

Column: Merck 50943 RP-18 Z 47 % » & 25¢cm & AW H4& 3.9mm

=z = EEey

3-3-1 AR F pHY 4

4 200ml ¥ 4- 0.2M Na,HPO, 16.4 ml, 0.1M Citric acid 4.4 ml

3-3-2 M EH RSB HPLC 544k 2 #58 pH7.4 24

4 200ml ¥ 4 0.2M Na,HPO, 18.2 ml, 0.1M Citric acid 3.1 ml

iR



ZZ| KRR AEZETRE
& A Brookfield viscometer RVT DV Il plus type #5 & t, spindle 51 ©
HBREEER T RS 03gm ﬁﬁ“r-bf?*fil #BF o 4 0.5 rpm &8k

T 60 ik 0 RIE 3T C LB - RERMT RS cps o

Z2 A ﬂﬁ?]‘ﬁﬂi‘ﬁ‘ﬁﬁ

AEREANGRTBUELESA A YieW. Chienik st 2 # /M EH T
B ¥ E (Chienetal,1983) At A—@ 3 X > LTI oskah
BBEHEIBES - THAESANAME 10ml 2 pH=7.4 & 8 citric acid
(Mcllvaine)4& % /87% » R LB R EEH BN SN S L1l 600
rpm X% 3w A o (I H stagnant layer A B 12 3 5535 R & F 4R
A R B RS BT ROLR I BB R E ) £
BEEEFHONNERB UL ICZBEREARTEZ  AEHFIE LY
BEEMZEBNAMAE-ARK TR 100 g A ¢ 233
FoEZESA 1.00cm> P4EH 1.10 cm o L% e B o Bl LA SR e
MUBEE - L FToBBR&E2mE2ALE (molecular porous
membrane “Spectral]?_or® 2”7 MW cut-off, 12,000 — 14,000) = 4% &,
(nude mouse, Balb /c-nu) H& & HiEABE SR R AAMALERR

R BE BPARBEEE ARRARAREZEEZRR G &

17



AHR &lﬁ%ﬂl*‘ﬁy’t%”\%%ﬂfrﬁxﬁ)ﬁi—ﬂ-:}:; mAERER KB BRI A
24 methanol & chloroform RAERAMNARERF — Mg - &
NE— B # F R4t es > 4% 1h, 2h, 4h, 6h, 8h, 10h, 12h 43| deEx &
03 ml: BEAO03 Ml medium A4EFH AKX ERIBHBBERR

FER  AoMLEmBLinEeEg-

Zz A BRAE R

3-6-1 #FAkE4

Wistar X & AN ET4LBATRZIANALER 24 B NERY
MHESHEEINFESRREAFANRAE - B KE AN
pentobarbiturate FLE > #FAREH A BZRALERBAK L EFT A
2.8 % Tween 80 LA3¥ju flurbivrofen 2 EARE « L 47 A 45k &
RE BAFMKES T A RAZHA UB ZNEBIRZ RS E 0%
B » HAFERE 2k B4 A sodium heparin 2 8. E 2L
4000 rpm &9 #Ec KA 20 548 FEEL 0.1 ml 4 100 U/ml
sodium heparin FANEGEHSUH L HREFNE L IRHE - B oE 2
o BB 20°CKAR F 45X HPLC 047 »

3-6-2 #8E R

Wistar X G RZ B ERREG T Ik & > & 2 LR ERBY

f 10



G o3RS L 244 48 sk B R 8 A LU occlusive dressing technique
(ODT) #A#ENFLZHMILZH L - £RBDZIRERBCHA
FoERlFo B ES B kAR o ODT #4469 E4E 5 @A AF L BB A
M2z AEABE - £hfERF &AL 3ml 2 Chloroform Ao A
0.5ml z ot UREAEZEEEZ 20 54 REFR2.5m] i#
AR R RE - o 05ml 2z HPLC #$48 4o bR 4 HPLC

T EFEZ o

=2+  HPLC 4%
3-7-1

L pH=7.4 &} & B citric acid % % & & & #  flurbiprofen
0.02mg/mL, 0.04mg/mL, 0.lmg/mL, 0.2mg/mlL, 0.4mg/mL & S
%
3-7-2 o R 44

Mobile phase: Acetonitrile : pH 2.6 adjusted water phase by acetic
acid = 60:40

Flow rate: 1 ml/min

Dectector; Hitachi L-7400 UV detector
A :245nm

Integrator: Waters 740 data module

Autosampling injector Hitachi L-7200

19



Inject vol.: 20 ul

XN BRI

BB SR R B RIRGRE X e AT A AT 0 B b5 B
H & E stain R 4% 84 X & F B #L4% (scanning electronic microscopy, -
SEM) —# ¥k EE B/ 2% 5% HRER XA L F
HHu h R B ABERZBE  AHRAENRERL IR
10% Fagamn pH7.4 S8 P28 20 48 /85> B 1L ethanol %
K it B & # paraffin wax E » 24 hematoxylin & eosin ¥ & > #:1E

TomE =k AER X AE MM AH Nikon Eclipse 4000, Japan «

9N



W~ EREITR

3.1. Flurbiprofen -KPEE8 2 8 b F i 38
Flurbiprofen 7 # % pH 7 &8k ¥ + N 5% 2B E 55T
REMRERALRE  HEFARYRE T BITRINFERR - TR
BRUEHERE-SHESR SR AOF2 ARG E2mEHR
FHFRE (lux) ) L B4 Hugem’perh - @RS REAAERERF
ZFEREGERAUEREEZIRARNE - AX—F PHEF
flurbiprofen & RE KRB B A MG ZFERE > EEREGER
BOBEFTFERZIBERRE AZHREAKRERB P, 08
CMCNa, CMCNH, & HPC > R ¥ R % S BA % 2 & (ANOVA test
P>0.05) > tpsbz 4b  MERBBRBH ARG S FREW 2 E 4 pH
7%ﬁiiﬁz‘fiﬁi?iﬁifé&%ﬁ%ﬁiﬁﬁﬁﬁ%éﬁ o ML thEx #dh 2 &
NAEEBELERERFGEREF ® » pH 7 %485 tbAL KM 5B B 8 42
BT BRMBARZ EPRTHRZR (skin reservoir) (R —) - £# @ d —
AR FELFBRE Y BYLRAARHOTXAERLR S
MBUSEGROARREERA S RETEEZRERVEN B 7
84 flurbiprofen %8 B RAR AR #)#4% > flurbiprofen Fif gk & £
ERZREANLBEARMUNHARAT AL EDER T FPHRUZBERAL

#ME o R %A flurbiprofen R BX i £ EREFR F 2R E M A A

. g



Table 1. The flurbiprofen flux, amount in skin, release rate, and viscosity after

topical application of various hydrogels in vitro

Formulation - Flux (ug/cm’/h) Amountinskinat Releaserate  Viscosity
12h (ng/mg)x10?  (pg/ecm?/h) (cpsx10™)

pH 7 solution  116.74+26.77  274.55%31.29 187.81+4.29 -

CMCNa 113.35422.23  137.38£13.95 231.61+23.74 61.00+0.50
CMCNH, 97.06::19.06 91.354+57.39 175.29+10.83 116.33+2.08
HPC 106.12+£10.29  122.77446.52 206.98+11.64  73.50+0.87
Chitosan 27.39+£3.26 30.98+2.71 11.41£2.77  139.00£2.65
Pluronic® 33.33£8.68 27.52+7.34  122,10£23.37 154.67+1.53
Gelrite® 36.04+:5.21 24.95+4.11 36.04+£5.21  61.33+1.04

Polymer concentration in hydrogel formulation was 5%.
Each value represents the mean=S.D. (n=4).

22



Z 48 (ANOVA test » P >0.05) (i —) ERATHNSYFELH
KAt @ B R 2 X 4% 4 H (cross-linkage structure) i R § Fo
flurbiprofen R & A A ML ZFAMPE LI BRAIA B FER
5o

—fxmE o —AKMRBAGKEL - B EHZRREENTHLE
M AHEREBZAGH B ELBARZBOBEEN - BE
MERAHRA—EE>FRAOMAICAZEBETEERAERAZLE
$HO BREAEXDWREA-BHFFROVRFT AR EALS
HH o AREAREKEEBHFELERER - CMCNa & HPC 23
R eR 88 CMCNH, & 1% (t-test, p<0.05) - ¢b.%%rﬁn T RTARMERE A S
ZHBEFEBEYZ EFFERR LGB AN EEIRIT LD
TR EREFPHRUSREHFEL I EEERZMGRER
REBE QIR EAMBBAGZHERNA-ER 5B EEHBEH 2
Fifik % (Hoetal, 1994 ; Bentley et al., 1999) « fegb B % & 887 & 5k
BB E &£ » B s flurbiprofen 2 8 F R BB K X £ 4

skin-controlled M 3E vehicle-controlled -

3.2 Bh& @ % flubiprofen XM BB E FFE2 L

B 614 CMCNa, CMCNH, & HPC /Kt 8 # ¢ flurbiprofen



ZFERFRIBERK (R—) —BASEZTORD R PHEB AR
FLBEEARME oA TREHB RGN A BB R BB 23
FiN R AKGHERSBERZFHR (Jonesetal, 1997) - s
CMCNa £FHiA —~ A2 H S TRENAREZ AR MIELR
(bio-adhesive property) (Doelker, 1987) » H b A& KB % b 5k 44 1542
CMCNa 2 # X /KW BB A AT 5 v 80 05 Bl R (8 & # 2L 8 47 %
flurbiprofen #& g R 1 X iE—FH R - E%}ﬁﬂﬂ;ﬁi’%’-’ﬁ'}ﬁ’:‘ CMCNa
KRB ERE P > ok =7 flurbiprofen 2 Fik ik £ E R
s 20% z propylene glycol (PG) # ethanol (EtOH) 2z % % i 4 4
B (ttest > p>0.05) c ARWEF MENNB BRI Z BRI AHEE -
e PG s EtOH 42 25 E R A - AP ER AL RBEH
flurbiprofen Z F#H# F > EL B E X —ERNRXRPER T2 R4
flurbiprofen 2 & & F EESAEFFE AL - BBBERIAAR F R
Mo E?g%«e-%f“éﬁﬁi*é RABETEZ R GEENHLER
HEBEHAELSE (Bendas et al,, 1995; Zhao and Singh, 2000) -
BARMmA PG £ CMCNa KM EB% R RN flurbiprofen
ZFEE%E > 2R PG ey Aty €ragt flurbiprofen A K E R 24
& (t-test » p<0.05) o nk =Fi7 » PG thho A& R hibdhz R EE

7 ¥ flurbiprofen FAM G FFEBZBRRE > BE AR S



Table 2. The effect of cosolvent on flurbiprofen flux, amount in skin, release

rate, and viscosity after topical application of CMCNa hydrogels in vitro

Formulation Flux (pg/cmz/h) Amount in skinat  Release rate Viscosity
12h (ug/mg)x10°  (pg/em/h) (cpsx10™)

No cosolvents 113.35+£22.23  137.38£13.95 231.61x23.74  61.00+0.50

+PG 101.58+£17.99  77.51x£15.59* 200.92+27.34 103.67£1.15*%

+EtOH 140.35£26.80 118.87+£29.53 285.93+26.80* 109.33+11.93*

Polymer concentration in hydrogel formulation was 5%.

Cosolvent concentration in hydrogel formulation was 20%.

Each value represents the meantS.D, (n=4).




B PCHIVEMEARL BN BREPRENENEEZ AL A
A5 b 20% PG R 80% pH7 4481 #1348 AT R 2 & /§ 18
AEE o 422 B flurbiprofen B 4h49 CMCNa AKPEEEB % T & B @47
BAFRARE UREBEBNASZHE B SR HE - LATREEH
X BEBANT R LB ENEEMANR Y Y HEMH N R FHR
%mﬁwmmwmmwﬁ%kzﬁﬁoﬁﬁﬂﬁﬁ%’&Eﬁé
20% PC MAESFAELRAEZES A F A=/ pH7 G4k
AMRIEZ g Ftbd 0 & flurbiprofen 2 FEBRERE NS ES H %
ZHGTRERET PG AALEREH R HEHMAELREN
BrE o AN LHR LY F R % 0 A flurbiprofen 4% PG 2R ¥
HERASERBRITHERBATHBANBEMAR TR M e »Ee
BB EMI B2 R R B RSN NGB BE i R S EKER R
% 4z At (polarity) ¥44% > M A5t 49 flurbiprofen £ AN A H PG
ZAMBRBHREPEMAKEL BB LIRSS (affinity) » B i
flurbiprofen B2 BB 2 4B I HELFZERIENELH PG &
AT PRVBMIER  CHBF ERTHMEAMHNPGE L NE
e g R M EAR -

Fe 2t EtOH A 8his B2 Ko @ flurbiprofen = F AR E R Z A

4 g XA F EtOH 2 v\ A BABRZ %L (t-test> p>0.05) » A 4o

N o]
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F = pf 7 flurbiprofen #¢ 4% EtOH 2 /KMt 4o 83038 % B 9 8]
# Rl BtOH Z & & 5 ho(t-test » p<0.05) » K f 4o & =7 7
flurbiprofen # 4% EtOH 2 KM 2B 2 BX R R A HBER R A
EtOH Z & ¢ hu (t-test » p<0.05) » R b3 hote B E R+ 48R 88 -

S AN PG R EtOH 2 #3457 & =85 & # flurbiprofen & &
BACHE ) Z IR R E R EAAE o S AKFH AR 20% EOH &
80% pH7 &4 R4 3 K1 & § 2 flurbiprofen & & Ry ek F

flurbiprofen FE AR ELZH 2 R ER LB EAR L2049 (B
—)o AEZATXBRY A FIOH TS S & F oS5 m B
ot 7 4% b og g 4 H (Inégi etal,, 1981;Fangetal.,1999) A KA K
B+ 2% & % +%54L (protein denaturation) e 2 & MR Z K X
22 RE - #4 EtOH &9 HI%aT 32 &i& A flurbiprofen ¥ & & K 4
hzaawmPBd EExU4 20% EOH 2 KHEBKT
flurbiprofen 4P F ZERNH BEH A G2 FRE N F IS 4R - bR
k7 %A R B £ flubiprofen 244 20% EtOH $#BE 52
BERYCEE S » £ AATECRA EtOH TH# 4w flurbiprofen Z # 7Ktk gt
BrsmERmRedhz BRRF -BRTRAEEFEHZ U
REYMBERENBERRIL_ZFERILRARFHEAF &K

 flurbiprofen % &4 EtOH 2 @B A% & BRI =4 7 & Z 848K M
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BEBZFERER ARG THT -

3.3. {2 s B1/fE4e R # flurbiprofen A BB K F A Z LY
ABRFZETREFRUA—ATIZE LRI ER] 6045 f5R 8L
(fatty acids) - 5%%’- % #8(cyclic monoterpenes) R AE:AEH (phospholipids)
AE R e A KM BB b LU42 i flurbiprofen X &8 B HE S - A
CMCNa AKMERB R TREBZEZZHES 5% £REIREHEY
HAMOAMEHILEY flurbiprofen z & BRI F 48 E a2 RiEH
A (Chietal, 1995) FARAXMEE P HREFET ZHEF B O R85
B5 Wy Bk LAYE B {2 i flurbiprofen 8 g FE X R F il o FER XS
B ABABEZ Rt EL R fo 423 B X F 2 oleic acid
linoleic acid A& linolenic acid Z f{2 e H| - ho R ZFRFT » ZHE L F Y
REAH B %% @ {2 i flurbiprofen 2 FER F » M AL M EL LT
ZREEERS - ETHRAGHREBHIEHETURE N o
flurbiprofen 4~ i}iiﬁ Z B4 8 (Chi et al., 1995) - fm4e 84 & P
A€ % & » oleicacid RYBA~H & & XM R  linolenic acid kz -
A R 7 % linoleic acid » Oleic acid - linoleic acid & linolenic acid Z 4k
PHBFTEERBYF A = 24 AR L cis- B4R A M

A REfEBER S HBARFORETEREH T HLERRB R



Table 3. The effect of enhancers on flurbiprofen flux, amount in skin, release

rate, and viscosity after topical application of CMCNa hydrogels in vitro

Formulation Flux (ug/cm?/h) Amountinskinat Release rate Viscosity
12h (ug/mg)x10°  (pug/em?h)  (cpsx107)
CMCNa 113.35422.23  137.38+13.95 231.61£23.74  61.00%0.50
+ oleic acid 176.25+£22.33% 283.06+67.16*% 190.12+41.58  55.17£0.76
+linoleic acid 188.97+£13.86*% 128.40485.25 225.40+33.14  61.00+£0.87
+linolenic acid ~ 207.38+10.50*% 171.01+22.28* 155.73%14.51* 72.33£1.89
-+ Azone 101.54+26.50 100.20+8.42* 110.49+10.00%  46.33%0.29
-+ limonene 298.63+34.06% 143.92+12.79 238.75+£35.09  58.83+1.04
+ l-o-lecithin 110.41£10.30  100.34+21.00* 241.44%£17.52  67.67+1.89
+DMPC 57.77€15.66*% 30.93£18.33* 180.79+£30.04*  63.83+0.58
+PG+linolenicacid  143.14x12.22  67.99+£22.92* 178.91£7.95* 101.67+0.58
+EtOH +linolenicacid  161,17+26.64* 101.48+13.24* 191.97+25.67 116.00+7.94

Polymer concentration in hydrogel formulation was 5%.

Cosolvent concentration in hydrogel formulation was 20%.

Enhancer concentration in hydrogel formulation was 5%.

Each value represents the meanS.D. (n=4).



7% linoleic acid & linolenic acid Fr42 it 2 flurbiprofen & /& 4 & 9A 88
BH oleicacid HER (RZ)  BAMmEBMBFEANRE2%E Nk
BPAHZBAXILE (wider channel) » BB R FE FR_AzA > &
i A S AR i B R 2 flurbiprofen ¥k 2 KE N REXXEEH-

4§ 5% 2 linolenic acid Av A 20% Z EtOH &% 1% & A =/ 8%
ZHRAREEEUABREREVBEHATERIEE BRETEIR
3404 20% EtOH AT R &4 & J§ 48 th » 5% linolenic aid 2 AT R 2 & §
B BA 3% 4t flurbiprofen 8 2 FE R EFUR R N4 E (ttest, p<0.05)
(B —)° sbBa s & Loy BB TIEA flurbiprofen # &4
linolenic acid 2 CMCNa KB AT FAE LK > 2R 4o 8 — P77
it A kB2 & F > & flubiprofen 2 ¥ B R B2 X2 R HEEM
£Z (ttest > p>0.05)c AKX REATHEA BN RIBERLHKA A
#As ey 20%EtOH & 80%pH7 ##ikz RA5l e RuE AR
B5 i &4 linolenic acid & 4 3% #0 / » B sbrA#E T linolenic acid 4~ &t &
REWREN -

2 7it— ¥ B linolenicacid WA B L2 4R » — & PIAEHE
B R Ve AR EE R %5 e B flurbiprofen 4 linolenic
acid 12 44 2 48 & B Y 88 o 4o B —FF 7 > flurbiprofen 4 & CMCNa

KRB (Ede) FREAARAB I FEREFEATRAET DR
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t 1.77 4 & » & &% flurbiprofen % — 8IS M » &b & 8 4R
Wi BABRBHHNHEFAMELVATR L& ARSI FE
RETE LERAERAHAGERREACARTLHES 2%
&) (Morimotoetal,2001) » b B EH R B REH BB AREBREFF
BLENATRE MARTRLARARRBHELARALRE
(WmhmMme¢9®%FMﬁmﬁn?ﬁ%%gz&E&%%g
RzERAFERERERE  MERBTAA TN ERE
(intercellular pathway) % flurbiprofen # X E & RIEE - AHFE
EHREBMEVRABERRATRLIEZBE T ETAERRAL A2
Ba H e

24 F A& linolenic acid z KM 28 4% - flurbiprofen ¥ & £ 4
PERZFERRATFETARAR IR EHEH LR (ttest
p>0.05) Frsbz b AAE MR R LB A LMBINR A FELS LR LR
HE B BT T340 flurbiprofen %3 057 % R &4 fLgE R
Wz [ B 2% R T LA 46 oy Av A linolenic acid fAv A AR » @ linolenic
acid PE B LR KT & A8 dhmialmmiEELga k-

ok Z R 0 — R B #A B d-limonene ¥ LA34$ flurbiprofen
ZFERRRBRA > MARAFEPIRESH RS —ERER -

i d-limonene #sb#E12 i flurbiprofen FE R R4 A E R L E #E 4y



R R4 Fe%1Ik » 4o F linolenic acid — 4% » d-limonene 4,57 %
BB AE A —sbo g ik MR i flurbiprofen 9 FEE LN (B —) o 4o
XBKATAR A d-limonene £ &£ R i fltmfa ] Z R EHRHFI LU E
BWLrREATRZ SR GAHEAMCELYNE L BRKBR (Zhao
and Singh,2000) - ‘& # R 4% d-limonene Z KMEBRFEELBET A
B RBERTUERASF dlimonene 2 KM & B H flurbiprofen
Z Bk ZHEAE N R4 d-limonene &93% %4 (t-test, p<0.05) (B
=) sb& R &% d-limonene AT LA 4k by e & S 4 38 Ao
flurbiprofen 2 & 4 A5 4 #9 % 15 i£4@ (water-rich routes) &30 & JEAS B
i#4& (nonlipoidal pathways) °

EAE R AW Y > 445 l-alecithin BPORELEH > R B &Y
% & DMPC (dimyristoyl phosphotidylcholine) £4#84% flurbiprofen 2=
BRRKAES  E LA Z XBROPF CRAGIREH 7T UL 5 4
&) 48 L R U AE /) (Bhattachar et al., 1992; Yokomizo, 1996; Kim et al,,
1997) - AMERAAL PR ZMr—HABEAE  EERBKT
flurbiprofen #948 & B sE /1 - LA HZ 4 DMPC Hragt flurbiprofen
RKE RS B &M lo-lecithin A7i& i #9208 - 45 DMPC R 447 7
pH7 S8R P AURAMREN XRERF > &K AT flurbiprofen

Z CMCNa KM 2 g8 sh F B 5 45 A 3 4h pH7 SBR A B



#iEd S DMPC B4 R ey KEME - & 343, flurbiprofen 2 F
BREREANSEREL S EH»N DMPC 9 REMBETHE (ttest,
p< 0.05), B>~ DMPC Lﬁﬁhﬁﬁi%-}i)%ﬁé’#%ﬁi%ﬁi% flurbiprofen #&
REREZAOHE  BHAZTHEAEA DMPC BABSH
gel-liquid crystalline 48#% 32 (Tc), DMPC &) FHigsig & (23°C)
EAEBELLREA Y ER it 44 (Kiravainen et al.,, 1999) -
g gel state YRS E B R BE » REZ W ok E RS Y eh AR
BR ﬁ&ﬁﬁ%%&ﬁﬁ&%ﬁ 2 o AR AMA BB LE 0 R
& l-a-lecithin %% DMPC Hia&iags % ZMNASAEE (-50°C~4
Ty Bobie Rt HHEGE TR A RA RN TERE
(Chietal, 1995) PR s Bs HiRAL A B A H R A A HE T a0 4 1 MM R
BIRNEA SRS E ISR AT IR ER -
kB AR ERZREEN XA lmA DMPC 2
CMCNa kKt #eB ey flubiprofen ¥ &# £ ARG - —BoEe
BB EASSHEIARE IR ORERBEIHEARRE Y Bibe
ERAEFA® LA RSN — B gt (Valjakka-Koskela et al.,
1998) - M b A F & T — 5 M #A & 4T DMPC sz'riﬁﬂiﬁii
flurbiprofen Z B ¥ E B2 BH R R RITH K - 5 —RESRBE

BIRE (5%) thEife B AKBER T R A (micelles) » M4

,r‘-\.
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LEAMBRBTBGLEFRABR IS AMBES TEALEA
(Bentley et al., 1999) » %8s} &8 LA B e & ik A& flurbiprofen £ & &
FPZH/ARE BB W2 FERRRANEMEEM IR ok
Z A > 42 CMCNa ARBEB PN EMAR LGS BR Y 2
ME ERLEAENREERREETRAK LS Bl AE
A R ARBERTHENRERNERFLZ T -

bz sh#E 20% 2 PG % EtOH s A CMCNa 7K 5% B8
FRMN 5% GREFFRTHPD BRI ERBFELLN ZH
o priE BB R A linolenicacid ° fwk AL B b ey CMCNa
AKMEERE (Edl4) HEL#t flurbiprofen f£3-H RE B R B)E R Z R
Fhz FiEREBBEBRES (ttest p<0.05) AAZHEELT R+ 4
BB - AP AR NS EF DA LRARAER  TA AN AARER
i B 7 B & 3% Ao linolenic acid £R F & FeyMAo H B MEgE T
linolenic acid /4% % A 4 B &9% /1 (Okabe et al,, 1992) > E b H42ig
B g RUAENERCEZFR AR R EEHTFE TR
TEMS KRR EELENBE flubiprofen EAZFRZ S EMAY

# flurbiprofen 2 #5 & B ek -



AEAEE TR RBUAKRERALAHBEREEGIG > R 50
%@i&ﬁw°%$mmﬁﬁ’%%%%ﬁﬁﬁZ%%ﬁ%%ﬁﬁ
(Balb/c-nu) » M A RXEAFER T HESMAI AR E R (Wistar rat)
ERITREARBZIEGARIRAILENRABZIEFEAALR
BEG MAGRGNASLA BLLENAFLERERARAR
REG£E B aNRAHE Teells) BHFBHIG - Bt Rigs
HARVEFEA Cit,l‘sﬁ CERATRBITRARARBATER ZHH R
Bl Bissb s £ RUATHREMET —AFIZAGAMPERR
WO ER 0 BN R SR B AR B0 R)4% flurbiprofen #E4E K =
R AN I BB A R T R AR R RS T - BRETA
ARAXLFEBMEAB ERANGEZRWRER 2R B FH =
A —BE MREARBIANSENBBIRBRZIERTA -
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EE. , In vivo kinetics of flurbiprofen amount in rat skin
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<. Effect of polymers and enhancers on

flurbiprofen flux and amount in the rat skin after topical
application in vitro

Formulation Flux (ug/cm?/h) Amount in skinat 12 h
(pg/mg)x10?

pH 7 solution 8.27+1.07 69.72+8.19
CMC hydrogel 6.21+0.65 61.62+19.03
+oleic acid 47.11+£15.19* 85.18+16.49
+ linoleic acid 49 88+8.54% 94.32+10.76*
+ linolenic acid 56.26:4:11.82* 62.56+9.69
-+ Azone 5.54+0.45 15.72£2.52%%
+limonene 33.31+6.74% 78.99+5.05

~ +l-o-lecithin 6.98+0.32 24.57+£6.57**

The polymer concentration in the hydrogel formulation was 5%.
The enhancer concentration in the hydrogel formulation was 5%.
* p<0.05 higher than the control group (CMC hydrogel);

** p<0.05 lower than the control group (CMC hydrogel).

Each value represents the meanSD (r=4).
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3.4, BEPQAE & R CIRER

ABNZHZARBRE PHAERAZIRY 73 AE&2Z CMCNa Kk
M A (E44a) B4 H d-limonene Z/KMEEESE 0 NI IR
FrE R 2 B X SR B B R BPME A 728 P 2 Hb fn 350 B SRR
WA @mAER Wistar X & r%tﬂ.‘%#ﬁi‘iéh% - TR ERBTRH AL
FREBZAFEIASHREBZAY 12 B FOKkaBrM LS
B R 2424 flurbiprofen 2 e $IRE  BER AN L F BHBELE
B flurbiprofen R ¢ FA K B E S HER R4 > B bR @4y
BAEHEREN  LWERBIRBRAIERRELS - S F
B R AT RN SRR ER R E LS & —F o TR LR

MR ERAFFE— TR -

3.5. AR &R

A2 BB ARSI T @ AR IR R AR EF AR 20% EtOH
(positive control) ~ 5% linolenic acid + 5% d-limonene & 5% DMPC Ay
RIE 2 AN Z IR & R B SUKE 0 X SEM R AZBRE S 3
BBz - & SEM F & v B HATF
B |z — . 20% EtOH—

I Smooth surface like dissolvation

2. Keratin denaturation

3 Flaky appearance

AN
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#z =  linolenic acid

! Aggregates of globes caused by fused, degenerated lipids

> Some deep cavities with loss of hairs

B o2z = : d-limonene
' Holes are created by loss of hairs
> The surface is eroded and appears rougher than 20% EtOH- and
linolenic acid-treated skin

B@®zwm - DMPC

' Globules (may be micelles formed by DMPC) studded on the surface

of stratum corneum
Spongiosis is seen in some areas

Widened intercellular space

Tl B & o do B 9 A

B £z — : 20% EtOH—

' Inflammation cells in epidermis

2. Mild dermal edema

3 Mild congestion of dermal vessels (hyperemia)

% Scattered and loose stratum corneum

#.Z = : linolenic acid

! Moderate inflammatory cell infiltration in the dermis and superficial

subcutis
Disruption and fragmentations of hair shafts

Hyperemia, dermal capililary dilatation

.
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B £z = : d-limonene

" Mild lymphocytic infiltration congestion

> Hyperemia

B %2 w : DMPC

Y Few acute and mild chronic inflammation

2. Mild cell infiltration
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* Flurbiprofen 2 & & R M # 8 & £ £ 4 skin-controlled # 3k
vehicle-controlled -

C ERWET BN BB 2B R F AR e PG & EBOH
REPAEABIK -

M 20% EtOH & 80% pH7 %R L4 M RE L F 2
flurbiprofen 4& g& & i 3% ¥ - flurbiprofen FE SRR T F 2%
FREFESEABELE 94 -

B E BB d-limonene T LA Bi4E flurbiprofen 2 Fif ik % X542
Fro MARKAR FIREBEHFE S —FEITEE -

- Flurbiprofen 2 FZ R EXR ERAERF S 5% DMPC wyag
3 AR T & o
FRERFREBZRFRASHIRERZ RS 12 B/ wheyx
o B 3] B8 % AR B R 24247 flurbiprofen Z o ¥ iE B BE BN &
BBMBARTR T flubiprofen $ R4 ¥R L BELHBBE 4
P o

L EEFEBORAF & 20% BOOH B — & 748 i 5|/ 6t 8] 5 25

£ SEM RALEBBEN MBS ET L S EBE BRI -
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