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Benzalkonium Chloride ¥ ZgtAel] 2l%t
ZhatAlul Al E0] A 7)5 w3t

ol & -7

EEe] A EFHS U+ Benzalkonium chloride(BAC) 9 Fxo| wg, ejn &9
ALg-EhE kAol o & ziuhduiM el AU s &4 dotRr] Hs WAEs] 35ute] 70 At
g8l BACY ¥% 0.001%, 0.01%, 0.05% % 0.1%9 8A9, ofloxacin AAl (Tarivid®,
Octacin®, Ofloxacin®), fluorometholone A A (Fumelon®, Fluorometholone®), UFFAA|
(Tears Naturale®, Tears Naturale I%® Tears Naturale Free®) ol z}9-& =2A1¥F 5, 6-
carboxyfluorescein (CF) & & o] &3le] ety e FHHE &3sAct. Balanced salt
solution®] =&A171 AL dzreg . BAC vx7 71E4E 94 Z B F
7¥etdch. Tarivid®® Ofloxacin®ZolA Bt} Octacin®ZelA oF 58 o]4 FaAdo] Fristart
(p<0.01). Fluorometholone®7elA Fumelon®T Bt} W& RHAHE Ko AR 9
2gle Ael7t givled (pr0.05), UFFAAFAM = Tears Naturale®7} 7+ & 5344 St
£ HB93 Tears Naturale I ® Tears Naturale Free®olld e t2Z® /93 zole HolR|
&kt (pr0.1). ol4e) A3z BACS w57t 2448 ZeptulM X e] &4o] 43ln] BACE &
e a9l HokaAlol M E el HHEe] &40 FEENEE ¢ 5 AR ol HUtA
9] A71A ApgAldlE B ot 28 Aog AYZtEH(IIA 36:1655~1661, 1995).
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To evaluate the corneal epithelial barrier after exposure to Benzalkonium
chloride(BAC) or commonly used eyedrops, we measured corneal uptake of 5, 6-
carboxyfluorescein (CF) applied to the corneal epithelium of the albino rabbits(70
eyes). Four BAC solutions(0.001%, 0.01%, O. 05%, 0.1%), ofloxacin solutions
(Tarivid®, Octacin® Ofloxacin®), fluorometholone solutions (Fumelon®, Fluoro-
metholone®), artificial tear solutions(Tears Naturale®, Tears Naturale 1®, Tears
Naturale Free®) were evaluated. Balanced salt solution was used in control
group. As the concentration of BAC increased, corneal epithelial permeability
increased. In Octacin® group, corneal epithelial permeability increased about 5
times more than in Tarivid® and Ofloxacin® groups (p<0.01). Fluorometholone®
group showed less increased permeability than in Fumelon® group, but there
was no statistical difference between them (p»0.05). Tears Naturale® showed the
highest permeability among artificial tear solutions and there were no statistical
differences between Tears Naturale I®, Tears Naturale Free® and control
group(p>0.1). This study showed that the higher concentration of BAC, the
more damages to the barrier function of the corneal epithelium, and that
clincally used eyedrops containing BAC made destructive influences on the

corneal epithelial integrity (J Korean Ophthalmol Soc 36:1655~1661, 1995).
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dutdoz QoM E A Ay wE: oul
& 5202 Be FH9 FAYUMAE Aesln g
o 2y A sgos Qg Bgn Hz|
ol 2388 T ERAAF (ocular surface disor-
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€ A9¥eM AL8% benzalkonium chloride
(BAC) (Janssen Chimica, Belgium)¥ Aol
Balanced salt solution (BSS) (Alcon Laborato-
ries, Inc., Fort Worth, TX, USA)| 88147
0.1%, 0.01%, 0.05%%< 0.001%<] ¥ 52 THE
AHEElRlom, HtAle FUAT, b ZolsaA)
TH ATFAToR PR ALgdgch gaya)
T2 ofloxacing FHECZ 3 Ofloxacin® (A
dAek, g@3), Tarivid®(dEAe, Y8)H
Octacin® (FAek, 83) & Alg3lden 22z Ba
ABA 0.025%, 0.025% 2 0.03% F&9 BAC
7b 235l glon, 2HZOEAAZE fluoro-
metholoned F4¥°2 3l Fumelon® (34
%, #=)3 Fluorometholone® (42}, §2)2
AHEBIRAEY F A 25 BENZM 0.01% =
=2 BAC7H 2] Utk ABFAAZE Tears
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Naturale®(Alcon-Couvreur, Puurs, Belgium),
Tears Naturale [ ®(Alcon Inc., Humacao,
USA) % Tears Naturale Free®(Alcon Inc.,
Humacao, USA)& AH&8ld€dl, Tears Natu-
rale®d = BEAQ BACY 0.01%9 358 ¥§
o] slew, Tears Naturale [®dle BHER2M
Polyquad®(polyquaternium-1) 7} 0.001%2] ¥
=2 ¥§se] gli, Tears Naturale Free®ol]&
HEAZE 285 A @tk(Table 1), 283
WE2TZL BSSEHE ARt

AF 2-3ke] N E7] 35012] 70¢HE Ao
gk 2 FAb oia EkAl 2 B9 e 5 e
st 109+e dzFeg ddrh. WA pento-
barbital sodium€ #% 9 FA18le (80meg/ke)

Table 1. Eyedrops and their preservatives

Eyedrops Preservatives

Ofloxacin solutions

Tarivid BAC 0.025%

Ofloxacin BAC 0.025%

Octacin BAC 0.03%
Fluorometholone solutions

Fumelon BAC 0.01%

Fluorometholone BAC 0.01%
Artificial tear solutions

Tears Naturale BAc 0.01%

Tears Naturale [ Polyquad 0.001%
Tears Naturale Free —

BAC : benzalkonium chloride

E71E gAY F ez AR A 24 A
HA Ad7E A&l zhzie] HtAl F2 BAC
A€ 2m ¥ 5mo] Mol A7 E Wa ot
FH7F M4l Fe& BACEN 1587 AZsiA
@ thE Adle] BSSE 83 AAsAct 2% 2
mle] 2,7x10%M¢] 5, 6-Carboxyfluorescein
(CF) (Eastman Kodak company, Rochester,
NY, USA)&dge] &7 5me] vlo]Hd t7E ¢
I 49§48 CFEdd 58 HEA9A & o
& 7ol thA] BSSE F¥38 A&t 10om
Trephine® ©] 83l 2z}t $9& AAa) A & &
&8 2FE2 Merocel, Mystic, CONN, USA)&
Zhabg ZA2YA dAZ:AZ o ZdgddgE A
F¥ CF &9¢] &ol3Al BSS §dez wal e
F =% gill knife® AHg3le zZtet oA zg
AAsATE 2+ Zekel 2A) (wet weight) & &%
83, 20mie] BSSel Weol 40TolAM 48X £t
FAAN o, 2 $49E Fluorometer (Far-
rand MK-2A, Valhalla, NY, USA)& ol &3}
o £MqH9] CF FE& %5, Zd4ddd &
8 HA CF(n mole/gm of wet cornea) %&
AdaEch £ dYeld de Az BAANE
nonparametric testd] ANOVAE AH&-3ch,

4

BAC #=d wg Zuggdze F34e,
BSSE AMEE thzTAA 106nM/gmelden,
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Fig. 1. Corneal uptake of carboxyfluorescein(CF) by different con-
centrations of benzalkonium chloride.
("p=0.001 compared to benzalkonium chloride 0.001% solution)

(1657)29



— dgeraEa Al s A 36 W A 10 & 19959 —

0.001% BACAM ¥ 292nM/gm, 0.01% BACH
3= 1366nM/gm, 0.05% BACeIA+= 3980nM/
gm, 283 0.1% BACAA & 10971nM/gmel%)
th. BAC ¥&7l $71855 ZeduAxe §3
Aol k8l e, xS 0.001%<] BAC €9
M= BSSe izl vlsl FASHoR fod
2718 B9t (p=0.001) (Fig. 1.

ofloxacin® /& FAA HAAE AT A5
£ 0.026%9 BAC7 Z®¥ Tarivid®e} Ofloxa-
cin®el 2j3 ANgoAxe FHHdL 77
484nM/gm¥ 35TnM/gmo.2 ¥ Tt BAE
Hog oele Aele Holx ot (p0.1),

dzTETe w3ken (p<0.005), 0.03%¢ BAC
7} TEE Octacin® 2383nM/gme 2 & o
Hlgle] g& FoAEe FodE vehliglen o
v BAgH R #o8At(p<0.00D) (Fig. 2).
fluorometholoned /3 e Zo)=A HtA
2l Fumelon®# Fluorometholone®g 2 2%
HEAZMN 0.01% =9 BACZH = U
o, ZerisAEe] R34 FEE Fumelon®el
A 421nM/gmel213, Fluoremetholone®#&
120nM/gmeldwt. Fumelon®Z9lA Fluore-
methlone®T 20} o £ Ziedujd¥e] Fop4
& HolAut £ #7te Aol FALHoZE R9

3000 2383.9
2500
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=
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%‘5« 1000 4844 "t 874t
T
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“ [ DR
Tarivid Octacin Ofloxacin Control
Fig. 2. Corneal uptake of carboxyfluorescein(CF) by ofloxacin solu-

tions,

(*P>0.1 compared to Ofloxacin, +p{0.05 compared to Control,
+p<0. 001 compared to Tarivid and Ofloxacin)
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Fig. 3. Corneal uptake of carboxyfluorescein(CF) by fluorometholone

solutions.

(*p>0.05 compared to Fluorometholone, +p<0.05 compared to
Control, +p>0.1 compared to Control)
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Fig, 4. Corneal uptake of carboxyfluorescein(CF) by artificial tear

solutions.

(*p<0.005 compared to other artificial tear solutions, +p»0.1
compared to Tears Naturale Free, +p)0.1 compared to Tears
Naturale I and Tears Naturale Free)

4& BolA edth(p0.05) (Fig. 3). et Wiz
23 ¥l@d HE Fumelon®Zd 2osleE zho)
7} URA T (p0. 05), Fluorometholone®Z 3+
o7} glet (p>0. 1),

AFFHA o % ZGAduEe] F34dL,
0.01% Ex=e BACt E3=of %l Tears Natu-
rale®& 397nM/gm, EZEAEZM Polyquad®
0.001%7} ¥ Tears Naturale [®+ 164nM/
gm, B&A7F 2=} IR R+ Tears Naturale
Free®t 126nM/gme} e, Tears Naturale®
TN & F AFFAA R EAGHoR 99
A TR Z7HE EAH(p<0.005). Tears
Naturale Free®olX & Tears Naturale %Rt}
@ EAYE BERou BAgHR foiRe
&% (p0.1), EF o] FF1} BSSYHE AL_E o)
Zx3e] Rapde] zol GA BAGgHR {3}
A} A% pr0. 1) (Fig, 4).

2 #

A E AR EE diite ERog oirA|
HAAE FaH oz Fodshe Ae7F gl ey
LA #E == 2822 AP o8 Fakge)
G £ el 23y <drEAL S (ocular
surface disorder) & #F¥¥ 4% vt vifig

AgA ¢l BEAEMN benzalkonium chloride,
chlorhexidine digluconate, polyquaternium-
1, thimerosal F°l ¥f=o] Uck 2=izle] &
ZFH EEL tight junction® #AIste Zbate] W3
3 e FAbolof wbREiubg o)® 3 QEdl? AR
uAA g H R EH dFe ostd BACE @
o] FE A EE E=HA7) AL, tight junction
< HAAF LB e aA R BERgE S
e Aoz geA AP,

B ApdMe debadaldZe) tight junctiond]
e B985, 6-carboxy-fluorescein (CF)
£ AH83e=d ©] CFe carboxyl1 & Z1 971
i &el sodium fluorescein®Etd I & 7HA,
sodium fluorescein®] M E2-g& FAg £ e
d ¥t} CFe 424 (lipophobic) ©]71 W& A
ebg F3sir] £alm M EZF Alo] (pericellular
space) &8¢ F3s]7] wFol Zhetd oA 2o Aer)
% &3 A sodium fluorescein®th o fFA3ITID
81 2m*? Bernal® Ubels”+ ZagdsAzel &
d AEe dge 9§ 56-CFe 3] vl g
= A=

2 4% BACY &%= 0.001%4 = zZhatat
HAxel Fade] dzFd wl&) F71e,
BACS Fx7l E71gel upeh Zupdadze) S3
dol F7tte Aeg JEYEd, o 14C-

(1659)31



— et EHA] Al 36 W A 10 & 19959 —

inuling °]&&t ZutdmaE B34 e &I
Keller §%¢] ZAae} wissigct. %= 0.1%
A AEE 0.001%Ech F 35uiA = zbepaly)
HEe] B3 F7HE oS 9den, 0.01%04
= 0.001%% vlmstd o qu) F7 8w, BE
HetAlelEs BACTE 0.01% °l4e) ¥%7} Eof 9l
ong HAA FHEAY AupgnAEe] &4 A
2 4 Stk (Fig. 1). Tonjum”ll <& tight
junctional complexes®] T2 <& zhul4ds]A
Fe] HEF (intercellular space) ol F4Zo] 3
ot e dn Zuhia]$l Blad e g
9l 72 (low-resistance pathway)7} BAdgoz
A o Be Aeda s E £540) Zrkdtin 89
. Van Zutphen &7o] 2J3l® A3 £1% 2 te]
F%2 AFEFoz AAW BACTH ¥2X) & (molecu-
lar intercalation) 8 224 HEFA ¥o] 93z ute]
W7 dojut zhatu A e B3 Zr)r) Yo
i &dch BACe] 9§ Zebdmaze 7z
A Wge FAF 58004 15841019 dojutEn),
Zepdole] FEAEE Alele A% &4 9
3 &M AlFe XZ2AEEC gtEvin g
A A, B AFdNEe dee BACY tE A4}
e A 158 FEAREY ole HeAE
ke AEhH FHH MR 2= Az (reten-
tion time)o] 1¥elA FAIZtElE HE ersiw
FEY Aztoleln Yzter)

BAC 0.03%9 Octacin®°l BAC 0.025%%!
Tarivid®Z# Ofloxacin®r Bt} o 51 AHxe)
et 2o By Z718 29en, fluoro-
metholone@ |4 Fumelon®# Fluorometho-
lone® o H% HEAEM 0.03%2 BAC7F £
5o AT Fumelon®#o 4 Fluorometholone®
T 2o e el Ee B34 Fvke B
o oA BAC ¥571 2AY FE #o|7}t A&
A= B7dta FoAe] zlo)g Hel: e 2 A
LAZE T ol AR, AUBAA, pHe 4E
& T B2 PHAEY BAEU A zBAA
o Rz A e Bago] dgg & 4
A7] W Eoletn Aztgct,

ArAolr] BEAZHN BAC ZTHE Tears
Naturale®7} B&A polyquerternium-1e] %3
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¥ Tears naturale [®9} REA)7F Tgs]o] g)=)
%€ Tears Naturale Free®e] ¥dle] & zut
BTl BRAE BRYEd BEA Y$9
polyquaternium-1& BACe! uléle] ztepalnlA
d #4€ 4 FE ez 43A AP, Stern E°
of o8kl Ex Zjebdusl e AN AH Q3
oA glutathione bicarbonate Ringer solution
el 0.001%9 polyquaternium-1o] 6057 =
29 E719 ZdeidnMEE zZetave] 242
FRE FAAIE AL Witk st 3
o E¥ REAZF ¥ YA @e AtAs) B
EA7t EgEo] de At vlet zhupabul A
Yo &4& @ Fohn Eusm g, B A
Me BEANZF T80 UA e Tears Naturale
Free®7} 718 @2 zhdgs 2o £34 2718
HBgleuw, polyquaternium-1°] Eo1%lE Tears
Naturale [®sle A8t o8 fold Aol gl
AHpr0.1). ole ¥ AN Zuto] Aol »
ZHE ARk 15810ed & ol 28 <A
EEANNGE £ AolE B £ UARA gt
A zhdry,

Burstein'' & Alge] ztvbo] E7)9] Zhato) w)s}
o REA g AMAEY FAY = HA
doidrizn #Qlct, a3y FUHEI=E ALsE
A, AAsol ZARFE AYEAN Y 7=
o] ZIAWAE &40 e AU EE AAg
ARE gt WNEA otekg Adsie AL o
Be ZegsAEe &ado) sd 4 gtk wa
A HGAE HEde] glol BEA Hakolu o
FTH B BEE FolE 71d Pesl At AHekA
E WIWEA Folslolol & A$ polyquater-
nium-13 Ze ZoAaAE Sito] He HEXF)
7t 2FE HAAAE T A dAge e
45 REAZ TEE A ¥ HALAE o)
v 2ol vigAsivin dztsln w9 BPad Ml
Ao} 8- maledol & Holr},
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