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The eye contains several different structures with specific physiological functions. The eye also has protective
mechanisms for serving its primary function of ensuring proper vision which are responsible for cleaning the
outside and inside of the eye and for eliminating foreign matter. These protective mechanisms include solution
drainage, lacrimation, drug absorption via the vascularized conjunctiva, corneal barrier, melanin binding, aqueous
humor flow, and the blood-eye barrier. Although protective, these mechanisms also disturb the ocular delivery
and decrease the bioavailability of ophthalmic drugs. The availability and pharmacokinetics of instilled drugs in
the eye is mainly controlled by three factors : (1) disposition of drugs in precorneal area, (2) the permeability of
cornea, and (3) elimination of drugs from the eye.

Generally, topical application of drugs is the method of choice under most circumstances because of its
convenience and safety for ophthalmic chemotherapy. However, upon instillation of an ophthalmic drug, most of
it is rapidly eliminated from the precorneal area due to drainage by the naso-lacrimal duct and dilution by tear
turnover ; this is readily absorbed into the systemic circulation. To be effective, most of the drug also should
penetrate the tight barrier of the corneal epithelium into the inside of the eye. Such behaviour can result in poor
bioavailability and increased severity in a systemic adverse effects from topically applied drugs.

The purpose of this study was to develop the quantitative assessment of drug behaviour in the eye for
the safety assessment of the cosmetic compound as an index of the damage of ocular membrane. Therefore,
the penetration of drugs was measured across the isolated corneal and conjunctival membranes of the albino
rabbit using a two-chamber glass diffusion cell. In summary, the conjunctival and cornea of the rabbit eye are
sufficiently different in permeation character to control the extent and pathway for ocular absorption of drugs.

1 #

MRS D BEE 2 A & U 7 bhE S M %4
P& G-l % 720121, IVSFT OB L O
AR R R ZRE L 72 BT U0 38 %
PR, MR 31T 2 3P EhRE 2 1R (38R L
SEWBRE A GH - PR TE L HEmAMELT A S
EHBEETHD, LAL, THUHICHET 25
BRI ODBURTH %,

FZEHIE SOOI LERERT A, RS
Wi EEB X ORI BT 2 W E)HE %2 R
WZFRAT L. 2 ORRER B 2 MU T ERNZ MG L
7210, INLOARERIC LT, IREEORY
BBMEDB X MBI BT B2 ZE L7

(]

Studies on the safety assessment of
the cosmetic compound as an index
of the damage of ocular membrane :
development of quantitative assessment
of drug behaviour in the eye

Junzo Nakamura

School of Pharmaceutical Sciences,
Nagasaki University

W T VAR L 72,
2 £ B

2.1 HESLIUEROBAR

Befunolol B & UF carteolol ix. L2 EHiF
BRI St B X ORI RS X 0 it 5
SN7=b D% 7z, Timolol B & T tilisolol 13,
T EA RSB X O HIEEH RS
Lot enhzd % Hw/z, Thyrotropin-
releasing hormone(TRH) 3 X UFluteinizing
hormone-releasing hormone(LHRH) (&, M4
BERASL L VLG SR 0 v p-
Nitrophenyl f - cellopentaoside (PNP) 1, E{b2#1.
AR L VAL D% V7, Atenolol.
methylparaben 3 & U" fluorescein isothiocyanate-
dextran (FITC-dextran) (*F¥41-& 4,400 :
FD-4. F¥57= 9,400 : FD-10) &, Sigma
Chemical Co. (St. Louis, MO, USA) X AL
72b D% w7z, Salicylic acid. pindolol BXF
o-ethoxybenzamide 1Z. % 4 57 & 7 Bk &tk
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X DHEAL7ze 2 DM A B RS T SR
% v 72, Salicyl methionine (&, M4fFEETH
% L7z D% /72, Phosphate-buffered saline
(PBS; pH7.4) 1. 5RY ¥ BERMRE (NaH 2PO 4
BIUNaHPO4) EABAEKEL 0 1 (v/V)
TR LR L 720

2.2 Invitro FRMEF EEER

H A B R R (K 2.0 ~ 3.0kg) &
sodium pentobarbital D&+ 512 & O ERFL. £
& A A Ly T v oo —128RAE L7
Donor flllz#Y (5mM; g HKrEE, 0.2mM; PNP,
0.5mM; TRH B & ¢ LHRH. 0.05mM; FITC-
dextran) % & glutathione bicarbonated Ringer's
solution (GBR) % 4mL. receiver flliC GBR #% 4
mLiAM L. 02/COz (95 :5%) DRAT A % il
Cans, MEEL 35+05C, KiBia 37+05C
TA rFax— L7, BRMIC receiver fllo
GBR Z R L7z F72. MO LRIEZ X 2 TH|
L 72 LRz R s (scraped cornea) & Fv 7z
HBERRD FRRIZAT - 720 FRUGABIOE R, &
Mk a= 757 4 — (HPLC) i 72134806
FEEEHIC X AT o 72

2.3 ECEER

JKAZ 50mM phosphate buffer (pH7.4). A&
HIZ 1 -octanol & 7z, FoOKE L OB
B, FNFN ] -octanol B X U pH7.4 phosphate
buffer TR W72, KHIC B EKFEE 0.2
mM OREETHM L7z, AMHEARMHEZ 11 (v/
v) TIRAL. 5min (22=1T7) HEL72e AT
DSEAREL (PO) I, ARG & ko
AAIH OIS % HPLC Cle LS L7z
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donor I} X U receiver flIZHH (0.5mM; TRH
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MR L ) G- sz b oF vz, BT
OEMEICIE, S—vFrary¥a—% (PC-9821
V10 NEC) % Hv 7z,

2.6 EYOEE

B A I 313 BB (50 ul) 2. 0.1M HCI
GOuL) B X OPIEREEHEYE (30pg/mLsalicylic
acid; atenolol. 50ug/mL salicyl methionine;
befunolol. 20 ug/mL pindolol; carteolol. 300ug/
mL o-ethoxybenzamide; tilisolol, 500 ug/mL
methyl paraben; timolol) ® methanol ¥ (100 uL)
EMZ T, Mo O M15- 3 EARBERT)
12k, 12,000xg. 10min .0 L7288, {F5N17:
L 50uL % HPLC (K~ 7 :LC-6A (BHE:BIERT),
Metig © RF-535 ¥ 7213 SPD-10A (BE3ERT)
F—t4rYxrF— 1 AS-8010 GV —), L
— 4% — : CR-3A (E#E)) I X Dl L7z

TRH. PNP # X O° LHRH (. sAFHA (200uL)
BB HE . (10pug/mL protocatechuic acid
(TRH). 50ug/mL o-ethoxybenzamide (LHRH,
PNP)) @ methanol ¥ (50uL) ZHNA T, s
OB (M15- 3 @ EAHELERT) 12X D, 12,000xg.
10min @0 L7z, o7z B (80ul) 2 [ i
Wt & [Alkko> HPLC ¥ A 7 & TilsE L7z,

FITC-dextran (&, A& (100ul) 2. PBS
(4mL) Z@INL. 7EEEERT (RF - 1500 : 5
HEEUERT) CHIE L7z (HOGHEN R © Ex.489nm,
Em.515 nm)o
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FEMRATEZ G52 LTHEETH L EEZ O
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3.1 B EMEOIRMES AN

MRS E B PE % XS 5 M O ZER & LT,
FIRENB L O FREOONDH Y, HiHIZIR
REBLL 63 % B A & Poe L. B (L IBUR R
DOIHEBRZIED T D LEZ NS, €T T,
B W DI E % X, Y ORRETEDS
URK B P 1 B E T B BaT L 72D, Table
LR L7 58O B WA FWC, in vitro
ML W F28% % 1T - 72 Befunolol, carteolol 3
L U timolol i&, EIN THREAIEIBEICH LT
WY TH %o Tilisolol lIIEFEINA B HEWTHET
HY. FROIEZLT S5 Z LI T
Who Z IR L7 5 B OIS FRANIT
MU THAHAH. 1-octanol &R OSEERE
(PC) Mo EEIX, — 1.5 5 — 0.009 D TZ
ILLTEY., JREMEIRLZ L 2 EBD LN,

3.1.1

ER
In vitro MEAEIFLEEFEERL, Fig 21ORTH I A
BOPETF x v 3—=% 7z, In
vitro & B IR in vivo DIFEER
RERLD, PR HRE KD
B, RPEE~NOEYHL R Lo
REERZITIL. 2 LSS
THY) O W E % G 5 2
EDUEETH D, FRD S
L 7RI & S v~ 28—
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W% W L 7o RR R (4mL) %,
receiver I ZAEMEHR (4 mL) D&
ML, receiver M OFRMER %

B ERTZEDIRFEAR

- 106 —



IR¥FENDEE 2 IR & U 2 biEmBd O R £ EEHl O 7= o OEBERIRE
—IRAENEDE B RV E DFEL

RERFIICERIL L 720 F 720 ABECIZ bREE Zh Fig. 313 f BHr3Eo FRESEMY) & i — I
VA DRED ) ¥ —H 2 602§ 720, L ZRLIZBDTH Do FWEMtR, FREHE KR
Bz g % FIHE L 72 B oW T b E MR ERE 1T 5 720 I—ED lag time Z/R L7212, A LAY OEAME
TR 1. GBR 2 L7z, L7z FEBRRHIAE 240min TO MO BT

Table 1 Chemical structures and physicochemical properties of  -blockers used in vitro penetration
experiment.

Molecular

Drug Structure weight

Log PC

I
CH,CNH,

Atenolol © 266.3 -1.5

OCHZCHCHNHCH(CH),
OH

H
N //O
Carteolol 292.4 -0.81

OCH,CHCHZNHC(CHy)y
OH

0
Il
N-CHj
Tilisolol 304.4 -0.24

OCH,CHCHNHC(CHs)y

OH
_ N—S
Timolol O N Q/\N 316.4 -0.16
1 - / . .
OCH,CHCHZNHC(CH3);
OH
Befunolol 291.4 -0.009

H3COC
OCHCHCHZNHCH(CH),
OH

PC: apparent partition coefficient between 1-octanol and pH 7.4 buffer at 22 °C.
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Fig. 2  Diffusion chamber for in vitro penetration experiment.
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Fig. 3 Penetration profiles of 3 -blockers through coenea (A), scraped comea (B) and conjunctiva (C) in albino rabbits.
(O) Atenolol, (@) carteorol, () tilisolol, (M) timolol, () befunolol. Each point represents the average of at least three

experiments =S.E.
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Fig. 4 In vitro diffusion model for drug penetration through ocular membrane in albino rabbits.
Abbreviation: Co, the initial concentration in the donor cell; C, the drug concentration in the membrane; V, the membrane
volume; D, the diffusion coefficient of drug in the membrane; K, the partition coefficient of drug between the membrane and
donor solution; A, the effective diffusion area; L, the effective diffusion length in the membrane.
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A5, FITREBINO 5 TR b T b,
CDET N HCTITEIZ L - T Sl 5
NOFEW AR ES K O O SEWL R &
DOYWHULFRIST X — 5 2RO D Z EDTE b,
Receiver i3 2 BREHEW R (Qreceiver) BT
T 7T ARTAEFET L EUTDLH 1% 5,

Qreceiver = CO Z/ S/ Sinhd (1)
d = L(s/D)5
Z =KV/d

(D) KD 5127 77 AiEF. Co & donor H
SR, LIRoOE S, DIdikice k. Kid
SEEREL VIZROBRZEKT, B, KopT
DOIEWIEFHEE R X OROAR 2 FiEICRkD 5 2
EAWEEZR 7230, oS T A—% D' (D/L?), %
LCTHTE/ ST A =% K (KV) LW BEE/ST X —
Y xEFe L7z, BB BT TR S N RS &
W - BRI (D R2Y T, IO

—IRAENEDE B RV E DFEL

HEBIT 28R RTIBSTA—F, BLY
WS donor B ST % 82 %2 7”300
NG A= %, BT T 5 AWEREFIH L7239k
W ER/N #7075 24 MULTI (FILT) 12 &
D L7z,

Table 213, HBTITDERIC L > TRO N
BTG A= F DL DOTHb, T2 1%
ONTALRST A= BLOGHIST A =5 95,
&R e Kp (K'D'/A (IKoFEHiFE)), lag time
(1/6/D) #HH L7z (Table 2), &5, ki@
FIMEALE | X 2 BB S mofE e LT, Al
VWX % R & R L A O R B RO
(SCCR/CR). fl5ids X ORI 03 2 SR Tk
OFFEEE LT KBS 2 ABOBE & E O
M (CR/CY) ZEnENFH M L7z (Table 2). fft
? lag time (¥, 0.18hr #*5 0.31hr T TOflZ R
L7zoiZx L, RS2 72AlEcids L &

Table 2 Penetration parameters of B -blockers through cornea, scraped cornea and

conjunctiva using in vitro diffusion model.

B-Blocker N Lag time D’ K> x 102 Kp x 10? Ratio
(hr) (hr'") (cm®) (cm/hr)

Cornea
Atenolol 6 0.21 0.78 0.37 0.33
Carteolol 6 031 0.53 1.0 0.61
Tilisolol -6 ﬁ 0.18 091 0.98 1.0
Timolol 6 0.23 0.74 3.5 3.0
Befunolol 4 0.25 0.66 49 3.7

Scraped cornea SCCR/CR®
Atenolol 3 0.09 1.8 2.5 53 16
Carteolol 6 0.10 1.7 3.6 7.0 11
Tilisolol 3 0.08 2.0 2.1 4.8 4.8
Timolol 6 0.11 1.5 3.9 6.6 2.2
Befunolol 3 0.09 1.8 4.4 9.0 2.4

Conjunctiva CR/CJ?
Atenolol 5 0.22 0.76 9.9 9.5 0.035
Carteolol S 0.12 1.4 79 14 0.044
Tilisolol 6 0.15 1.1 6.9 10 0.10
Timolol 6 0.14 1.2 7.7 12 0.25
Befunolol 4 0.07 2.5 7.1 23 0.16

Abbreviation: N, the number of experiment; D’ (D/L?), diffusion parameter; K> (KV); partition

parameter; Kp (D’ K’/A(surface area of ocular membrane)), permeability coefficient. “The ratio

of permeability coefficient of scraped cornea (SCCR) to that of cornea (CR). ¥ The ratio of

permeability coefficient of cornea (CR) to that of conjunctiva (CJ).
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0.1hr &7 09, lag time DWPHERD SNze —H
FREz T LI EIlXoT, BEAED B
MR T, WHUST A—%, HETA—F B X
OTEL&E g2 B3 im L 720 SCCR/CRIE, &To
B EWTEET 1.0 DL EOfEZER L72A% b K
DiE Vv atenolol T 16, #iz b JaiAED E V> befunolol
T24E%0, KEEOEVWHDIZERE 2fi%E
RL72

O lag time IZAFEOWEERF L, &AL <
ZANSWEEIR L7z #ROIHST X — 51
atenolol DIGFHEZIRE., Mo p EREEE TIZMPE L
DBREVEEIR L2, 53T A= BLOR
EEERIE, &TO pERETHR LY BKRE
WEZE IR U720 CR/CYIZZEMINRE AR T 512
P BN 2 8RS Sz,

3.1.3 B EMEORMIEEBICKIZTEY
BEAMEDFE
JosE s B M IRETE O B A RS 5 7
DIT, B OEREEDONRELE & BRI 0 5% 8
B WS A= BLOGEIST A =5 LD
fRER L7z (Fig. 5)o fAlROEEBERIZ. B
METHE D PRV TE AR L CRAINS 2 4 3 2 A %
w7z (Fig. 5A)e —. LRERE % JEE L 72

B L ORI Edw L, AREORE1E EHE
GEIMIRD 5N h o7z ETOIRFEIZE
Ty YT A — 7 1 EEYIREEER 2T T
2IE—EDME/R L7z (Fig. 5B)e 2O EMNH,
FEWORREER, JLHS T X — 5 18T RF S
BWIEDH O E ol T2 HENT A —
& L SEYIREMEOBFRICB VT, B2 FEE L
7R ERERTIE, EUIREEOEEIIIE LA L
RO LN o720 Ly AEDEL ST A —
Z 13, Y ORFETEIARAT LT L7z (Fig. 5C)o
PDLEORERD S, PREGTEIE T A BRI~ D5
MRE R RITT 2 LML NI R 572,

3.2 KBEMEYORKMES M

—HIZ, RTF FEEMO X ZKEME TR
M FRORKE VYL, IHBE BTN 2
EHHHNT VD HDOD, KEHEIEY OIRKEE
WEHERE B 2 D Th v, 22T, X
7F FESENEFEOEFT IV E LT, Table 3ITRT
PO D AMEHOREEED LN L, )
KR D IEY)E MY T T T- BB Z R
6, A L7=3EW D 1 -octanol & #EMAHEHE O
SEAREIZ 0.005 LT Z/R Ly Wi o3
DTEVKBEEEZR L7,

© e o S aad
1 ! Ll 1 ] 111
C
fa) 4 S
o -1 D -2
S S
-4 T T -3 T -4 T T
-2 -1 0 -2 0 -2 -1 0
Log PC Log PC Log PC

Fig. 5 Relationship between lagarithmic values of apparent partition coefficient (PC) between 1 -octanol and pH7.4 buffer and
permeability coefficient (Kp; A), diffusion parameter (D'; B) or partition parameter (K'; C) in ocular membrane.

(O) Comea, (@) scraped cornea, () conjunctiva.

- 110 -



IR¥FENDEE 2 IR & U 2 biEmBd O R £ EEHl O 7= o OEBERIRE

3. 2.1 KBEEYMOIRMESEME

KRGV DN E B PE L, Fig. 2 O3
X N—=F HWTEHI L7z Fig. 6 121&, &Ktk
S O BREIRY) B - B AR 2 R U7 F2BR
G 240min O MO BFEEEY E# I, o
NERGHR & bR U CHRadD T e o 720 T2 HIR
B HEET 52 LIC ko T APFICBI L ERYE
BRI F TR L7z 2 TOREMITB VTR
DFRBEBRIIAPL Y S ENHEEZIR L2 KIE
PESEW) D HIRL R LS & 2 ACHE 2B % 47 - 7o db R
A JESAE C LHRH AN & 20 2 5 T2
72DAME, EBRBLGH 240min F CTHEREW O

—IRAENEDE B RV E DFEL

RO b dpoTze

3.2.2 KAEEEMOEER/NT A —2DE
H

S O NoiF w2 fEH T % 726012, in vitro JIk
HCE T WAZHED T 2 AT\ BEBIZ B % /8
FA—F EEH L7 (Table 4), Al lag time
13, 0.15hr 2°5 0.39hr T TOEZR L7=DITH L.
Lz & FEE L 72 ATl 0.09hr 205 0.58hr F
TOMliERR LTz 58T 2 =5 B L OLEME
B, FEBEHEs s ik nFE LML
720 F 72, FNRONE#E B MO RGN & i L

Table 3 Chemical structures and physicochemical properties of hydrophilic drugs used in vitro pen-

etration experiment.

Drug Structure Molecular
weight
Thyrotropin-releasi
yrotropin-releasing PyroGlu-His-ProNI, 60

hormone (TRH)

CH,OH
p-Nitrophenyl 0
B-cellopentaoside (PNP) ¢

Luteinizing hormone-releasing
hormone (LHRH)

Fluorescein isothiocyanate-dextran

0 0 OH
CH,
N
o)

HNC
S

PyroGlu-His-Trp-Ser-Tyr
i
H,NGly-Pro-Arg-Leu-Gly

CHOH CHOH
oloon 0®N02 949.8

OH OH

11823

4,400 (FD-4)
9,400 (FD-10)

OHo—cH,
o
|

H
OH OH

—O
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Fig. 6 Penetration profiles of hydrophilic drugs through comea (A) , scraped comea (B) and conjunctiva(C) in albino rabbits.
(O) TRH, (@) PNP, ((J) LHRH, (H) FD-4, (2) FD-10. Each point represents the average of at least three experiments
+SE.

Table 4 Penetration parameters of hydrophilic drugs through cornea, scraped cornea and conjunctiva
using in vitro diffusion model.

Hydrophilic N Lagtime D’ K’x 100 Kpx10’  Ratio
drug (hr) (hr'h) (cm®) (cm/hr)
Comnea
TRH 5 0.16 1.0 0.13 0.15
PNP 6 0.15 1.1 0.04 0.06
LHRH 7 0.39 0.43 0.03 0.02
FD-4 5 0.33 0.51 0.03 0.02
FD-10 4 0.26 0.65 0.02 0.01
Scraped cornea SCCR/CR?
TRH 3 0.09 1.9 2.3 5.1 34
PNP 4 0.23 0.73 42 3.5 58
LHRH 4 0.44 0.38 4.5 2.0 100
FD-4 4 0.49 0.34 32 1.1 55
FD-10 0.58 0.29 22 0.63 63
Conjunctiva CR/CJ?
TRH 4 0.14 1.2 2.4 3.7 0.041
PNP 6 0.14 1.2 0.66 1.0 0.060
LHRH 6 0.19 0.88 0.84 0.94 0.021
FD-4 S 0.28 0.60 1.2 0.70 0.029
FD-10 6 0.32 0.53 0.88 0.46 0.022

Abbreviation: N, the number of experiment; D’ (D/L?), diffusion parameter; K> (KV); partition
parameter; Kp (D’ K’/A(surface area of ocular membrane)), permeability coefficient. ®The ratio
of permeability coefficient of scraped cornea (SCCR) to that of cornea (CR). ® The ratio of
permeability coefficient of cornea (CR) to that of conjunctiva (CJ).
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THO T W% 7R L72o SCCR/CR 1. & T
EYCTEWEERL, LEEEHET LI 212X
0 WL MYE DS R T 5 2 E L% 5
776 51T, SCCR/CRIE B EWTEDOYEELIL
BL7HER, KO RERMHEICHRE Z EATRENT,
CR/CJ1Z. B MW atenolol B & U carteolol &
&S LIZZENUTFoMERLIZ, ThHns
o, ABETIE LEEDKIETEDEY R 75T
HORZVWEYOEBITH LT, %3 ¥ —
WA AT 52 EHLIT R 572

HEONE S5 2 — 1%, FD-10 DA EERL
o3 Tid, AL ITITRBOME R L2 5
BT A =% BLOBESERT. 2TOEYT
FRLE D HREVEER L7

3.2.3 KBEMEYMORMEEBICKIT TR
MR FEDRE
o\ S ET R OEZ TR D 72012,
FW O EFEBRER, ST A -5 B X
O S7 X—5 L OBRER LTz (Fig. 7)o 4
TOIKBCRLE S ELBIL, 0 REOBRIZHEN

—IRAENEDE B RV E DFEL

(Fig. 7A)o HLf 8T 2 =513, & ToOIRKET
B ROV AR 2 Z R L, KT
SHEBELRMEZR L (Fig. 7B)o HHL/ST A —
§ LS T X —F Llkk, o FROBINIE
WA B ZR L, ABICBN T FREAE
A2 Sz (Fig. 70).
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Bel@ o 3 @nssiE Mo ) v — L LTHEREL T
Wb bR IR BRBUE D E < tight 2
fafg<d 525 Ko FRzfEIE. apical oMl
12 L7 tight junction 25FFE L TW Wiz, £
PR leaky MK TH 2 Z LAVHNT W5,
DRI DOFERIC X 2 ZBEEOENE, S0k 7%
ik =S AN S DGRV R MY (-

AR % 58S 2 3 0 F kR L, TS
SrE LAY % 9 % #%H (transcellular route)
&, MBS (paracellular route) RN ZET DFL

WAL, IS OBICIZAHE R HIEDEED SNz, (pore) Z B3 % KEMEOFES (aqueous route)
& &5 » 0 Q & QS p
LS & &S @ &S Q@
1 L 11 L] 1 [T ! 1 L 11 L
2]
)
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Fig. 7 Relationship between molecular weight and permeability coefficient (Kp; A) , diffusion parameter (D'; B) or partition

parameter (K'; C) in ocular membrane.
(O) Cornea, (@) scraped comea, ((J) conjunctiva.
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Fig. 8 Schematic representation of drug penetration mechanism
through comea, scraped coenea and conjunctiva.
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