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TOSEFREZAE L, SRAOAKRERN & DiEMM%
HHT-, ZOEBEREIFICAHTZOFH L2 (OFLX) &
/N70%%s 2 (NFLX) SRR 2 RBRICERS L1
%, EROREXKPBITERELREL, c0EHHEY
NIA—G—E ARBEARBRET N THINT A—F—
THEBIRS L7z, AREAEBRTTNICL2RES DA
BEASEREFRMIZLAT7OFHY S 2 (LVFX) :6.95%
10-"em/s, OFLX : 6.78X10 7em/s, O X 7 AFH >
(LFLX) :3.58X10"em/s, 7 o7 0% H% 3 >»
(CPLX) :2.46X10 "em/s, NFLX :1.63X10 7cm/s

Th-ot=. 1, EERODEFELESH LVFX : 0.24,
OFLX :0.23, LFLX : 0.14, CPLX:0.06, NFLX:
0.07 THY), AREERERY & FEFHOMICIIEN
HEMA R LT, BT 4B THOERTYS,
OFLX O4AFREKFEITREE (Cmax) (& NFLX (ZHE~
Bh ot FREATHVW-ABEEEEIC L 2ERER
3, £FREKFBITERELAFET S LTHROTERY
B ES5A2bNEEZS, (HEBEREE 99 : 532—536,
1995)
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In vitro Topically Applied Fluoroquinolone
Penetration into the Anterior Chamber

Masamichi Fukuda and Kazuyuki Sasaki
Department of Ophthalmology, Kanazawa Medical University

Abstract

The penetration mode of five fluoroquinolone
ophthalmic solutions (OFLX, NFLX, LVFX, LFLX
and CPFX) through the rabbit cornea was examined
with an in vitro experimental system. The system
was an artificial anterior eye segment model made
of acrylamide covered with a New Zealand albino
rabbit cornea with a scleral flap. In vive studies on
the penetration of OFLX and NFLX ophthalmic
solutions into the anterior chamber of albino rabbits
were performed separately. Parameters gained
from in vivo pharmacokinetic analysis and those
from the model eye were compared. The permeabi-
lity coefficients (K) (em/s) through the cornea and
partition coefficient were 6.95X10" 7 em/s in LVFX,
6.78X10"" em/s in OFLX, 3.58x10"7 em/s in LFLX,

2.46x10 "em/s in CPFX and 0.06 X107 em/s in
NFLX, and 0.24, 0.23, 0.14, 0.06 and 0.07, respective-
ly. High correlation was seen hetween the corneal
permeability coefficients, and the partition
coefficicent Cmax of OFLX obtained from the in
vivo study was higher than that of NFLX. The
applied experimental system would be a useful tool
for the estimation of the in vivo Cmax of the
examined drug. (J Jpn Ophthalmol Soc 99 : 532—536,
1995)

Key words: Examination model in non-living eye,
Fluoroquinolones, Corneal permeabili-
ty, Ocular pharmacokinetics, Coef-
ficieney of permeability
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1) SEERHE

BER L 7- B3 BRI 55K R New Zealand % (LLF,
NZ © Jift 13 ik, 145 2.5~2.7kg) TH 5, HIHAMEHFIT
A7vox% 2 (0FLX) (T8 :361.37), /r7oF
Y3 (NFLX) (53 F& 0 319.34), v R7ufx4v
(LVFX) (5F#& :370.40), o X7 2 F4 3> (LFLX)
(574t 0 387.81), ¥ Fuzux4v > (CPFX) (4%
it :385.80) TH3,

INSDOEEFOFER%Z 0.1N NaOH 2 ml THMHL
ek, £RE100mlICHEEL, 20#%, ATEKAA~<
A—F®, MA REEFE (BEEL 0.86~1.14) (BIF,
FETIR) CERORMIBIED 0.1 mM Ek i@ L7,

2) T TIVEGE OVEREE & METEEH o f BOE B R
&

IEWHORRICLFRREHA<Y bV EY —LF b Y
VL (2 TE—N®, FEEHE 50 mg/ml) &@EERS L
BREL, EbIIREREZREE L, HHERD S ERKDT
AR ZER L, K1 R L 7SR I FEE LT,
R F + >/ — P BEFEHE (2 ml) 2002, FARE F Rz
FronN—C LREOBEAZ0.1mME® L I-HEER
ml) % i Z, 30, 60,90, 120, 150, 180 43 £ T 37°CT A4 >
Fa—b L7, ZFHERERCHENTF v v —me
(100 1) ZHUD L, 8772 I BEFHE (100 pe]) & 554 L
oo WD LRTEANER 2% O F S8k L L, Rl
i SHEMICET L - REE5E KKk~ 75
7 4 — (HPLC) THIE L 7=.

CDFEERICB T YO ABEEBFRK &, SHLY
DSk s

K=V,/2tA-In (C, —2C,)/Coic & o THKD T,
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Vi, Vol(7z#2L, REBIZODWTIRV, =V, L)
- FEEOHZITRE A

IR OEE Z R ER I IEIE—E LT wa
W, EVRMERRE L RFEMEOWE S 2 5 BB E
(umol/min) %K1z, %7z, BREEE, FBilHE 2]
BETHRLTKD .

3) SECARECEIE LY

nA 7% =k 1/15 M BEEEEW (pH 7.4) % fw
THECHRECE MIE L7z, PUEHIOWIHREE X, 10 xg/ml i<
%% & 51 pH 7.4 BERIRET R IR L 72, AKE, gz
vtz &2 O EBRPORRBEERINCT 2120
i, HopLDMEE—BEANSETHEHELE. KE
B L UVHE O BB = EMECHEBRE CRD, 2850, =
i (25+ 1°C) Tkl U PHPRE & L7z, 1 BRR#E R,
AKIEEELD, 1,500 rpm T 10 4350 LA %2 58 L
Tz, Fiz, WEREDOHIEFOMEC & 3 BE DR
EMET 2720, LidkE—REOENEShAEOA
TREE I ANFROREL LEBRERL, Chedbo
TEYWIBEE (Ci) & L7z, SMECFH 0 K8 o 3 s
DEEE» S, R OSHHEE, apparent partition
coefficient (Papp) % XK= &3 FE L 72,

Papp=C,/C,

Papp= (C,—Cy)/Cu * Vu/V,
FEEHATIE, CBIUV BEnehiE (w) &)=
OB ZWHELEEETRL T3,

4) FERIPL I E Rk

EHREERE 213 HPLC 27, fIELM 3 F3 -
FHRTH 5, BEHIARE Q0 wl) ZFHEA L.

5) HKARLMKRNA~DEXIRRITEEOMS

IEH BERRQ2.5~3.0ke) D BEEEN I ERI
0.3% NFLX (/327 ¥ ¥ — L®HIRH) % 1[E (40 wl),
E7zlE, 5405 BI(40 w1 x5) SEBL, AR 30, 60,
120, 240 SMZ AT ARSTEEFIFLE % HPLC THIE L 7. #i
EFE, B & UM RBROICHEL TiT- 72, Sl
NI A—F—DRMHTIE, FERBRD R L 21l
il One-compartment € 7 )b« 70 7' F A % iz,

I &5 e

L, ETVEEICE T 2RTEA O ABEE S

B 1IZR U 7 RGE SRR E T3, s AL TR
Wil SHTEEI~O 5O 7 VA4 n* 2 v v BHEFI
TRTUEFHEE &b ICmsA SNz b OD, FOERE
EEBEFIMTERA SN, LVFX & OFLX 21313
BET, 5HAPTRLEVERELSA SN, KT,
LFLX, CPLXDIETH D, L BBEOLZWLL DI
NFLX Th-o7:(X2). & 500, FS@HE % 0EE Ch
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(umol/min)

x107®
L0
&
& = LVFX
%]g DFLX
3 2.0
CPLX ®LFLX
1.0F Y = 1.08%10°°X +3.24%10°"
R = 0.981
O 1 J
01 0.2 03
AEEH (P)
M2 MESBESCLZENZILAOF/ OVE
DAEEEE.
LB L AEEARHE LVFX :6.95X1077cm/
s, OFLX :6.78%107cm/s, LFLX : 3.58X 10 "cm/s,

CPLX : 2.46X10
6) TH-oT.

7em/s, NFLX 1 1.03X107em/s(n=

9 5} i % £
DB EEK LA 2 ¥ ——KE DS E R
é"fﬁbf;. AR $0: LVFX 0.24, OFLX 0.23, LFLX

0.14, CPLX 0.06, NFLX 0.07 (n=3) Th-7z. K3

150 180

B (2)

3 fEB4aonx /0 HoAEEERE L SEFED
+ER .

L R 7o F 4> (LVFX), B4 : OFLX, 5

POfg s g A7 AFH ¥ (LFLX), &N 7o
FA-E ﬂ\‘/‘/(Cl’LX). FBE: S TOF T
(NFLX), n=6
10
5.0:—
- 1.0 (L
* gt I
& os_L// 4)\\\
® G ~
7 | ~&
IE [OFLX] [NFLX]
B 0\1]' Tmax  1.26  1.86
Cmax 0.55 0.03
(”g/’"é%s] l T 0.8 1.28
' it ALC 1.89  0.17
» i
a0tk : ! .
30 60 120 180 240
B M (9)
4 0.3% NFLX ZBBi% & 0.3% OFLX S ER#& D

1 @ SERIC & 3 REBRREKPBITENRE,
SEHE + B R A
(3, OFLX, B, 1 NFLX, BfafA&E (n=6~8)

I A% R 0 F i i ”‘;}ﬂﬂw’?ﬂ{@)r B ER LIz
DT, TEMCIEEGHERMYE (r=0.981) i s,

%1 A70%%> 2 (0FLX) & /L7 0FHS 2 (NFLX) DBEEBRMEER (in vitro R) 124 5 BIREBIR
# & FREKPBITENEE (in vivo ) IZ & DEBNFM/NT A —F — DR
< ;')1 vitro > in vivo>
o 32 30 A SFECHREL [HR] Tmax Cmax M AUC
(xmol/min) (P) (h) (ug/ml) (h) (h pg/ml)
OFLX 2.56X107® 0.23 1 Al 1.26 0.55 0.89 1.89
> 44 5[l 0.99 3.31 1.58 11.6
NFLX 0.62x10°° 0.07 1 [a] 1.86 0.03 1.29 0.17
54534 5 [Al 1.94 0.31 1.35 1.62
Tmax : SRR Cmax | BEANBEEE T, P8 AUC ! iEER iR Tt
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5 0.3% NFLX SBR# & 0.3% OFLX = fRiE®
5 5% 5 [EHRRIC & 2 REBEKFBITHRE.
SEEE £ A
F134L 1 OFLX, B#, : NFLX, Ha%E (n=6~8)

3. &HFERTOZEFEKPHBITERE

B 412 0.3% NFLX sl & 0.3% OFLX sTHR 5
1[E SR & 2 RERFEAKPBITHEELRLIZ DT
% (Bt) ", 55048 5 FIRRIC & 2 KABKPBITERE
£ %12 OFLX & NFLX iR TRATHV RIFTH -
7z (n=6~8, B5). WEADOREBSFHNT A —5 —
Cmax, AUC & b OFLX 2 NFLX tHiRTKE o7
(F1).

IV # %

SEEALETVERE, TTEELDEACLY
BEahTED -, LEEEE L L THZSh TS b
DTH5, ZHF T, naphtylamine FZfE, 7=V >~
Ak, gk, BEAT O KR ERAREECHRE
ShTwa,

ARETNVEE T CERETOBICED 2 2 L I1Z, M
CEEEL 2 W T TERIITOWLL I ETH S,
A HER T H W - RE i (IR EESRNE) 1, AL To
BEURT THERINTWLEY, FEROWEE % &HH
EBHI0. 1 mM BRICERE L2, ZOEHETT37C,
IEEREA v F a_— b LIEEOEA I L2 A B &
UNEMIfaDRBEEDS 2w & 2 EANETEMSE T TF
BRI BRERL Tw a8, EHEBICKEL T, BrckE
HERU I EBbhLMAER (2 ) X20»TIEERT —
F i okRS Lz, S, ERAEERBOMBICRE L iz53,
ZHIZHEICEERT, L OFFIB A0 kv —fli
HAM6TH S,

ML 5fO 7 vAaF 2 oy RHEAII s
L@ 6fi~D F HTOHAK & > TBkiE%E, 7H~D
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oLa-1 L L 1 . L
ey 2 3% & 8
B M (hr.)
E6 OFLX & NFLX MK 3756801,
BiAL ¢ OFLX, 2. : NFLX

BT S VROBAC L > THED ORME & RAME
S, HEOBUKESE AN b DT H 21012, KLHIIL
MHEAEEYT, Lad, FEEHIAREEE R (pKa) A
T5.7~6.5 HEMIT 7.9~9.0 24346 L, IMMEhTlds
THRI(FEA A R THIET 3 10 IMENBITHRIFTEH
D, ZLOMEELIREEEL TW3, BREEROST
W% 319.34~387.81 T, EHIC IR E HEE LV, P
HE A RRFED I L 72 S AT & % 28, 5ol EERK
T BIEANC & > THBE SRR 2%~ L1z, LVFX,
OFLX iZFREE TR b#L, KT, LFLX, CPFX,
NFLX OIHTH - 7z, AEEREEOFWIERIZE, I§
O L2 2 SRR A E o7z, EYoAREE
PRI X FRREL, ARkt 2 AR, pKa, S FREx L
EY OV B ENFE P ERCBET 2 C R T
WA A, SREIOEEIZ, ZHoEWEED S bR
BAEERECECBEELTwA L E2RLELDOTH
3, FE513, 2N Tz OFLX Ozkicxt 3 2 B it
NFLX CHRTEIICEH W L 2R LTWE(H6)
2, ZOFRRLSEOMERORBEEE2EETL L, &
FEOPEANCIEET 5 2 L 13, FHOMREESE <,
L b KEMEOEWERNIE Y, REASRE: L Ci3s
BFEBMED & <, 72, SIREOEYIFHIRIFAGE T A —
F—bRIFCHoZETHB, L, HEEELE
BAME L 25, ABLEREIVICETT AL b
SN TWw3Y, BEMW L KBEEDNT > ADBEYO MHIE
BAMICEEETHL I LE2ERT 20D EH2 3,
EARTOEFAEKIBTHEORE X, KETNE
B k2 BRSSO AR T O XER O Eak b
TENRB A 2 0 2 M2 C L 2B L T2 0T
H5. BAKRPAOIEFIZITEREOMRET 121X, OFLX &
NFLX @ 2D 704 oF /o BHESIRF 23 A
72, 1 [EIfGHR#E L 5434 5 RIAREO >0 R 2 285
EEHAWED, wTFhoBR5%KICB W TH Tmax X
OFLX 2 NFLX iclERTH#H {, ETNLEELSB LN
7o fBLE EHEE AR L —F L7z, Cmax b, MAEE A
FERBLD K & v> OFLX 3l @l BE R B D /&
NFLX 1z b Tl 2 U7z, TEERI 0 S Fe RS fa
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P RE E [RIRR O %2R LTz,

SE O TIE OFLX & NFLX @ 2 #| %% 083
{172, EHS X+ Tl OR RIERNEITE
HE% LEBERRET L T B, SRR O RS ITE A BRI
BEIZBH & i NFLX 28 OFLX icHERTHE<L, L bE
B T2 Z L 2HERL TWEY, ZOREKFIRE
PEAREIC I 3 Tt unwas, FE S 1k HIRE, RROME
R & D EROEIRELSET L, EhoENS T
OHFRIFEA A VRN BH L 2B b, ZOHRFO—
DEHEZTWwD, ZOBRIE, FEFOMPBLERMEC b K
Wxh2bDTH5, UREHS, SIRFID bicability i
YT RATO—D2 LR S,

WeEt L7z 2 #l o AEARAR T O Fi B PR AT BB & i 4E Al
OISR NT A= — R KT 5 &, B S P2 liRE
DEVFHRIRIHEE ST A —¥ —, Thbb, REARBKH
W (Cmax), fxr B A i E FERRH (Tmax) i1,
OFLX %' NFLX ic kR TRIFTH > 72,

A a0 218 % B L 7z PUEE s HREE o IR P 81 8 o ELig
X, ABHNELOTTHSE, IhETid, EHBcX
2 BEFITEATEIRE O FER A ARG ORTBLRE & LT oD
T —5 - o T, EBREBYOFEHEIEHIRES h
B U7RHS, RRERGEEETOZOFOE T VERESE
35 EHEARAEIERAATRE LUCHET S ICEd
Z3bDLEZD,
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