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ABSTRACT

The purpose of this study is to find out how soft contact lens multi-purpose solution (MPS), often used for
medical treatment, effects the inhibition on cell growth and research the result of using MPS, suspected to
demage eye cells, on rabbit eye’s corneal epithelium and endothelium tissue. In this treatise, ReNu® (Baush &
Lomb, USA), Opti-free express® (Alcon, USA), Free-sol plus@'J (Hanamedicon, Korea) had been selected
among the MPS. After culturing 1929 cell line, cell growth inhibition rate was measured by MTT assay, and
by making Hematoxylin and Eosin stain specimen, the morphology was observed by optical microscope. In the
In vivo experiment, 9 white rabbit eyes (18 eyes) were classified into 3 groups. The experimental group is left
eyes (9 eyes) of rabbit, and MPS were dropped; however, the control group, the right eyes (9 eyes), were only
used a saline solution without preservatives. After the dropping within the period, the cornea surface of rabbit
eyes were stained by Rose bengal and observed. To figure out the changes of the corneal epithelium and
endothelium tissue scanning electron microscopy (SEM) has been used. As the result, the rate of cell growth
inhibition was 54%, 73% and 36%, respectively. Morphological changes represented that the shape has been
changed into oval or round shape and those are not considered as a common formation of L929 cell line. When
it comes to staining Rose bengal, each experiment group was stained red which is not shown in controls. The
polygonal mosaic pattern of a corneal epithelium was disturbed in the picture taken by SEM; furthermore, the
shape of the corneal endothelium was irregular.

In conclusion, as we consider antimicrobial effect and the safety on living cells, it is necessary that we
should improve concentration of preservatives and study continuously to develop a new preservatives without a

toxic effect on the cornea surface.
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Feledze A®wy 9 F3HH Al o]
o) g4, a3 FEAQl Aol A 4 el
Hoz urt AxE 1 glon et A4at
7} &Aoo Frlsla Qe FA ot wEiM Fo
Hois AA7F Bt woll A AFee HEd=

o} Zeled =0 Ae]ode] kA dgt FoAE
g EH 2 gt Feed=e] A=A AHlA (clean-
ing), 3 (rinsing), &% (disinfection), H.5& (storage),
B (rewets) D Wi 13] o] AFe] bl A A A (protein
remover) #A o] Qlth. 27lolx= 2 AR wet &
Helgd e ARt oy HZode o 2E AAE
A AT 4 dx F5EH LY (multi-purpose
solution, MPS)& o] 83h= Z-&x}7} dlgiolr) 3
S 1% (no rub) AFAAA EAT FA2A o
92 gele 45 wsel Asd 4 e 2
AzselAz A%in ot ol SEAs
Z719) oA AA ) vis] 258t gelal
A2 gxut A=A AAE ZHIA e ——?S]
2wt o HxlolA A=A E wel mEHoR
& 4 9lA gt

Ty A= e A AgAte] REod dead
2 Q8 ofg] 74A mAE AEE ded 9 &
% 53] AR e 94 A FollA] 7HA e}
o u} (acanthamoeba) 2ttt o|u} Ffold Zhehed
HzA =g oA Zlo 7 iﬁ_l]E;]]z A]—%—z}oﬂﬂ] 22
i El x7]d) A&slA AdstA] & AS- A)s}
AFAsh} B3-S S ¥ ot ATl
A7z 2:E 4 e AHAHQ Adhelo} (Stehr-
green et al., 1989). ¢]2& 7+ Sol 8] MPSE o
2 FgEd= Heidd vz v dEe A%
s 24 @ Ak SANTIE el Westne F
£ 03 BER (preservatives)7}F H7F=E 3 ik ot
Aoz MPSe A2 AWEAIA (surfactant), 34w] A4
24 (antimicrobial agentyt} ¥.EA)|, 28|31 Hrs1H <]
FAH a4z ARtz (osmolality adjusting agent),
2¥2=3)] (buffers), Zr4Al#1 A (chelating agent), i3
AAA, A =F

ON

e

E
H rlr

O o

m“

% 12 AL g
¢orle

7}A) (viscosity enhancing agent) 5] ¢}

o} o2 TAAE Foll M B3] M| FAo] oA
£ 1A 4 gl AR Fz wEA9 254 (disin-
fectantyo]ch. o] AF- Q] HEA 2] A4 9] Foll A
EEAE AR g HaFER PP W

Aojmate Bk Aelehn & 4 Aok olo) o
3 HEA 279 IJuAE &l AT g ATE
o] o]FojX| 1 glort oledt BEA A¥o] 52 &
o AESAe) J3e vlAE Q7 wE Aol
o}

oo # Q7= AlFelM FEHIT U= MPSE A
AafeblEel 1029 ABFA Aslshed A5
3 ZAAME AAEa Aalge] 2 MPS A& AE
o} AESTAN SAE Bhokm Fele Wk
AL olgstel BAeAG o o4 Tlges
invivo Ad o 2= APEy o et F AT
(epithelium) @ W3] (endothelium)2] =253 Hals
FAFA A& 1) A (scanning electron microscopy, SEM)
o= u|E Azt MPSY] <M A& FoAdE
A Alskazat &

S ERET

1. M Zuljt

B A AHE MEZE L929 M E2FE AHSE
g} L929 A) £F3= minimum essential medium alpha
medium (Gibco, USA)ell 10%2] $-ej<}dA (fetal
bovine serum : Gibco, USA)3} fungizone (30 pL/mL)
= antibiotics (10 uL/mLYE H7ks] AMg3ldck A2
i oF2 25 cm?e) whjekg flask (Nunc, Denmark)ol] <
ko) wjoFd& e 37°C, 5% CO,2 =A™ CO,
3}-2-7] (Forma, USA)el| A wloFa}od 2, wlj oF<f 2 3dm}
9 marsidc). wloFsl M EZ 0.25% trypsin-EDTA
(Ethylene Diamine Tetraacetic Acid)& *g}3le] M=
2 ne AZ e FA A7) (hemocytometer) 2 Al
242 A48 & 5% 10°cell/mL M| ZE 96-well plate
(Nunc, Denmark)el] 200 uL/well B3] Al Z£7} 60~
0% A= ANHE o HEA LN (MPS)E vk
280 3l 25%) FE= 48247k FF AElste] A
2249 Ha) F=g A
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2. Mz=Hd ¥

1) MTT assay

MTT assay:- Mosmann (1983)¢] w}lel| we} A)s]
819tk MTT (3-[4, 5-dimethylthiazol-2-y1]-2, 5-
diphenyl tetrazolium bromide : Sigma, USA) assay:=
Hxzar|H% F veFZegole] F4 (succinate dehy-
drogenase)®] BAEE 2AM MZzZAE FAs:
Wog g3l w3 449 B MTT
tetrazoliume] succinate dehydrogenaseel] 2jsf] £-8-A
9] peld MTT formazan® & FYHE= AxE T4
=2 23t "oz ypan blued] 23t dye-
exclusion ¥ Be} mlzkste] A2} g }Ae) 27
Aol M M) J&&& 1o} HEs] A 4 9l
= el sk

L929 M ZFE 5x10°cellymL Az 2 53
-2 96-well plate°ﬂ 200 uLA F-53te] 24A17F F<F
vl <fsta MPS7} £33 v fd o= wEHSkI 484|F
27} wokaele). vieFale MTT 200 pg/mL7d 33
Wopl oz w347 MRS 34 F o)
okl & wz)3w DMSO (dimethylsulfoxide : Sigma,
USA)E 200 uL/well g & go] 1587 Al Hbx]slo]
Z2M 7A9) formazang £3)A171 3 ELISA plate
reader (Bio-Tech, USA)E. 570 nmoljA] T3 =2 24
sk =723 ¥ w3k} (Francois & Rita, 1986).

2) MZEM ZHHE

AEzEA0) AA 71822 359 & A2 Y=
(New South Wales) ‘:H‘i}’-/] 2.4 CRCERT (NSW,
Australia)ol| A] 2808t A 24| A8 QGagS A3
A 54 Wb RaME 71ES 2 319w (Stephan &
Ulrike, 1993; Lynn, 1997). MPS 4847} 32)8}e]

Table 1. Composition of MPS substitutes treated in this study
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MTT v]GA Q] MEEA Aol 30% o4l
Aol 9 oz Ay Y2 wWddE A
23ksict

3. MESEE

 FRAYS AFFERAAY S12el Folod
AL Arsleloen, 2E AYFEE-L Guide for the
Care and Use of Laboratory Animals[Department of
Healty, Education, and Welfare Publication (National
Institute of Health) 85-23, 198516l &3} FF3lgdc}

At slokiel ool gt A4E APEE
(2.5~3.0 kg), New Zealand White Rabbit (Damool
Science, Daejeon) 9 vl2l& FU3tgch AHS B3
25 18+2°C, = 60£10%, 7] 5 11~128
fhr, 272 12hr/dayE §-A|3}¢ie}. o] B 7|Feoes 2
Wet E% AN, AR Bl
Science, Dacjeon)ell M FF#< APFTES ARE
858 WA AfRe) HAES 39 254 T
&g AR T AYFE AAsld AYEES
MEH oz H4te] AATEE AAFG LM, BE
ARTES AFEAY A s A RAV=
S ARt olatel ¢l AYEET A
Arg-std et

1) dEs89 &

APLE7) ovie] (18shE o= 3l E7]9)
Halollx= z}zk ReNu® (3¢9), Opti-free express® (33h),
Free-sol plus® (3sh& Az|gt AH L A dz2TFe

22} (93hell = BEA 7} A & 0.9% HF
A A g At xgez 7 BRI

(Damool

MPSs

Constituent

ReNu®
(Baush & L.omb, USA)

Opti-free express”™
(Alcon, USA)

Free-sol plus”

(Hanamedicon, Korea) poloxamer 188

Sodium chloride, polyhexamethylene biguanide (PHMB), boric acid, sodium borate,
hydranate, edetate disodium (EDTA), sterile isotonic solution

Sodium chloride, citrate, tetronic 1304, AMP-95, boric acid, sorbitol, edetate disodium,
polyquad (polyquaternium-1) 0.001% and Aldox (myristamidopropyl dimethylamine) 0.0005%

Polyhexamethylene biguanide hydrochloride (PHMB) 20%, etidronate tetra sodium,
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2) Mg3

HAHEA

A Al@Eq MPSE Al¥FY ReNu® (Baush &
Lomb, USA), Opti-free express® (Alcon, USA), Free-sol
plus® (Hanamedicon, Korea)S AlZol|A] T3}t A}

L3lsioh AEE AR 53 2o} (Table 1).

(2) S

AREET ol EATE $A ARG YA
7)3, 0.1 mL& ZAhde) AAstm oF 127k £& 3
2 Az SR AHT Invivo AT o 2= A3 457
9ulz] (18ehHE "oz 3Zos FFsl FHdel:
7+ MPS A& (9gh), $9H(93hL dzFoz BEA7}L
A kL 0.9% FFYHAGS5E 100 ul/13], 3
314, 149 F<F gasiach

4. Mzse] =Al

1) |tz (Rose bengal staining)

Rose bengal staining2 zhate] mARE A A Zel
Aelg oz sl Y| G vy |t} 0.25% Rose
bengal (Sigma, USA) §-& o] 43l AP4L &E7%
o] At Zol] HAHTle] PN Ao] FIF HA=F
A% T gz MPSE 147 AHst o Zqt
9] &Ag A& tx|d 7l e} (Sony P-100, Japan)
2 s

2) Hedoly mE

(1) 13307

48217+ Fot WSyl =8 4R #elA
(Nikon TS-100, Japan)2.2 A Z3e]E 200uf2 2
gt ARR &g A B

(2) Hematoxylin & Eosin (H&E) staining

H&E staining e 3] M Z: 6-well plateol] Hdd
plastic Thermanox® cover slips (Nunc, USA)& ¥& &
7 $iol AEE sjosheleh MPSE 2447 A2l
2 A2lgde AAZ H plastic Thermanox® cover
Slipt Woiele. Wehshs BEE sAa) 0% Al
oM 108§t AT & I3t A ZAL H&E stain
oz Yz gAsigch N F 23 EeHHE F

s w3 FAH& AR F canada balsam (Sigma,
USA)oz 3slsle od7mEE A2retde}. HEE
staine 2 GAE Mz F33 )7 (Olympus CH40,
Japan) stolA A (x200)3ked & &= (pyknotic
nuclei) =3 M| ER}FAA} A (apoptotic body)Z B0

+ AZES Zodskith

3) FAIH™AlS0|Y #&

ez Ad AYe =27lv] A A4 4
d 712 TAE T F oAl 2% xylazine®
(Bayer Korea, Korea) 1 mL$} AAIv}#{ A2l ketamine
hydrochloride® (Yuhan Corporation, Korea) | mLE 4]
oM =719 HE R ZEFAL AT HE HE
8l & zbubg- 2.5% glutaraldehyde -8-24 (0.1 M cacody-
late buffer, pH 7.4, 4°C)sl| A 2417+ A A& £ 0.1M
cacodylate buffer= 2087} 38l ZA AAZ F, 4°C
|4 1% osmium tetroxide (0.1 M cacodylate buffer, pH
74)2 AN 2217t A= FuA s, FuAste Al
3 ARES d3Y 50~1009%2] graded ethyl al-
cohol seriesZ. ©=A|7] ¥ isoamyl acetate2 20E7+
x)3ksled o] % liquid CO,ol 23 JAAZA % (CPD: cri-
tical point drying)#4 & AA aluminum stubel] A3}
a1 ¢F 10nm®] gold ion particleZ. coatingA]# ] DSM
940A ZA}A A3 u] A (Hitachi S-4300%, Japan)o 2. 7}
o ggs)el o) mAERE FoJskel BB

A =
1. MZzZM A

1) MTT assay

MPSE L1929 M2l wjofede] 25% Fx=2 96-
well platesl] A 48417 F<t wikat F A3t d=
Z3 v zg AdMe AzFA A3b 2z (A)
54%, (B) 73%, (C) 36%3. A £Z4) A7} 30%F 3
= Aoz vein (Fig. D).

2. MZHE) Z=A

1) Zetso|Ao o8t MEHe] =i
L929 H|ZFo] MPSE FEM2 4842 Ad ¥
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Fig. 1. Cytotoxicity of MPSs on L929 cell line assessed with
the MTT assay at 48 hrs. Control, (A) ReNu®, (B) Opti-
free express®, (C) Free-sol plus®

=3 Ak} ") ol4sld x2002 HAs
dz77 28] MPS M7 Axdydrt wag
L9290 Ml =F2] dubdal mek] Wb 7} A
B3 == 13 mejoz &= 2Nz
d ubs] QAo AFEHo| BRIl 53], 2AH
o] 9= A=z el Opti-free express®, ReNu®,
Free-sol plus® =0 2 7t4-s}9l o} (Fig. 2).

2) H&E Staining ¥ Z&H#o|Zoj| 28t
MEZ el =A}

H&E staining & A ZAEALE B4517] S8k Ab
£5= A whgdozA ¥ (nucleus)s A=A
(cytoplasm)& iz GAsled AL AAHY HeE
#2771 Golgh uh ot

H&E staining 23}, Az2Zd e o mofd=z 5
ZA A8 A3 AEAL) FEol AN,
L1929 A 252] YubAQl mokel WAy A EYe=
oz A8 2+ MPS 22]&L Opti-free ex-
press®, ReNu®, Free-sol plus® =22 A 3= iz7}
9lgl.ew =3, Opti-free express®, ReNu®E A -frolA]
o] EAQ WA ey =t Ao =
253 B9 &3 FASPYE #2Y AR
o} (Fig. 3).

3. Rose bengal staining

A& Az Aell 0.25% Rose bengalz. A3t A}

RE AFFEY e Az #FRHAT 7
AEo] MPSE 1497 k8t & 0.25% Rose bengal
stainings}el 7 EEg WAL A%, Aetys) 24
Aze] BEAl et 9 At dotSE & &
251k (Fig. 4).

4. FAREAEHO|E o

AApzyatel zbzkel MPSE F43 ¥, AT A
25719 Zepge st Wolg FARARR (SEM)&
olg-sked 7z} 500, 1,000, 3,000002) e &=
ahdct

1) ztetat (epithelium)

Zrepdel 22 vy SEEgdAER
o8 o]Rojx Fzz, dzzo Aezzl2 ALl
geto] dlglon wHdE|Y] ohtd matelz wid
(polygonal mosaic)2 FJd& Axmgs} A=z 7t A
A7t HesiA veht glel A4 e Wz 3l
on] Mxee] mIuh Mze] g 2 Zol & &
olojr}. 18] 32 w)A-§-E (microvilli)e] &2 ¢lo] w]A|
Z2 (microplicae) = & BEH] Ql&& ¥ 4 ok

ulalo] ReNu®, Opti-free express®#} Free-sol plus®
2 Ags AAEE 747 x500 (Fig. 5A, B, C),
x 1,000 (Fig. 6A,B,C), x 3,000 (Fig. 7A, B,OM| 2 %
A% ASE 2% vlsd Y Jedz veued
Z20] g Zo] oz F WAA Jez AAHY
o] Yeht®, oty malelZuid e #d=
7} &l 7tasigen, 2hd) AxE7)4 v &RE
o] B3l Hxalgla, =AM E] &Aooz ¥
Azzre] Wy g F2AGAAT 2] 4y st
2AR Aoz FEHUS

2) ztehli g (endothelium)

Rz Az defel 4ol A glol W
zAe] B el |43 T2t A=
o] FAAYH

ReNu®E Az|gt Zuhfiu]e ojulg 50002 3
ZPL o), AAHoez zAmH dR7t FFAH U
o (Figs. 84, 10A), v 1,0004), 3,000: = &
R s §439 54X Ay F271 5
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Fig. 2. Inverted phase-contrast microscopic photographs of the 929 cell line grown on the control medium and MPSs after exposed
for 48 hrs ( X 200). Control, (A) Renu®, (B) Opti-free®, (C) Free-sol plus®

N .

LS YO SN

Fig. 3. H&E staining of cultured L929 cell line treated on the control medium and MPSs after exposed for 48 hrs (% 200). Control,
(A) Renu®, (B) Opti-free®, (C) Free-sol plus®. Arrow shows apoptoic cell characterized by chromatin condensation and
nuclear fragmentation.

-+

B
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Fig. 4. Digital camera photographs of rabbit cornea by Rose bengal staining. Control, (A) Renu®, (B) Opti-free®, (C) Free-sol plus®

Fig. 5. Scanning electron micrographs of corneal epithelium of the rabbits ( X 500). Control, (A) Renu®, (B) Opti-free®, (C) Free-sol
plus®. Epithelium show regular ploygonal mosaic pattern and numerous microvilli, tight cell junction in control, but
epithelium in (A), (B), (C) show damaged epithelial polyonal architecture and intercellular junction.
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Savn

Fig. 6. Scanning electron micrographs of corneal epithelium of the rabbits ( x 1,000). Control, (A) Renu®, (B) Opti-free®, (C) Free-
sol plus®

% ok Geee 1Tk . ‘Gm‘«j

Fig. 7. Scanning electron micrographs of corneal epithelium of the rabbits ( X 3,000). Control, (A) Renu®, (B) Opti-free®, (C) Free-
sol plus®
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7 1880w

Fig. 8. Scanning electron micrographs of corneal endothelium of the rabbits ( x 500). Control, (A) Renu®, (B) Opti-free®, (C) Free-
sol plus®. Endothelium show regular hexagonal mosaic pattern in control, but endothelium in (A), (B), (C) show damaged
endothelial hexagonal architecture.

Fig. 9. Scanning electron micrographs of corneal endothelium of the rabbits ( X 1,000). Control, (A) Renu®, (B) Opti-free®, (C)
Free-sol plus®
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Fig. 10. Scanning electron micrographs of corneal endothelium of the rabbits ( x 3,000). Control, (A) Renu®, (B) Opti-free®, (C)

Free-sol plus®

ARz ARG 4 BHT 5 UG (Fig. 9A)
E3) AZAZ&e] 7 ksl Opti-free express®2
st Zute] Az Fojulg 50092 -‘3[7%‘5}
Az RRA oz zAwo] FF oz 29A WA
B AR 1 (Fig. 8B) ¥k} Zpupaladzke] A AP (liaky
barrier) 2. 24 %23} AL 3l A E7Zo] £AME
AL FUHBL B4 o 2 919} (Figs. 9B, 10B),
Free-sol plus® A& ZollA= 500 2 33 Al
AAAd =39 wide dAs o FHdul g
1,0000, 3,000u} = A& o =) a2 A
zxde] &) FEE Y (Figs. 8C, 9C, 10C).

o &

Yzt 37 Admge B ohie Aas)
ARE AololA vl gaet 2

AN rle

PATRNS )

Fo) Wz FeFE Asdos F29
Zaele 22 2YEd= 9 24

g9 52 Be] 283 2F e B 2
A ToRRE P ot 53], 1976\de)] QA<
Zhto| M 8] ZHde] Ag B ¥ s epHn} Zhetd
& 292Uz ey £2 G94 Adges
F e Aoyt o Al glelx e A

 Gee, g Al dms] HAAE 45 &
A #2e] AE, 134 W= ARE A, 23
Sodgolne) Bz R Fol Udel ¥ 4+ Aow
7HA ot uE e ® Bol ol Bzt Afel=
HE 4 9ok B3 Fa g)vh(Duguid et al., 1997).
ol wle} Eeledl= )L 3lu]AE (antimi-
crobial) 2F-8-o] gt F 2842 37 dFH 1 ok o
2 /A ZEEN= 2] §o FolM s 47
de] AMES gl MPSE vekst nEAE x3)s)
o FuAY g &IE Jeplz 9leh dkx)5h MPSE ¢
2] ol AA A&tz Zutoh} A vAE 5
Aol glofof ot et vl qbAAEe] YAk d
A w2 FEea= Faxrl wEA 52 7EA
2ol wet AQAHA Aol REGAT A8 A E9
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MPSE AA ol €7 BEF =5 vl 7o
o BE A A2: £ E3oh 497 3
o, FEEY AokEY 58 2AG 3 ¥ n =] A
%, US pharmacopoeia (USP)1} Federal Food Drug
Administration (FDA)¢| A= RHZA 7} HEs= 23]
e wAEFE $IA dolel Bokm TR
81t} (Tripathi et al., 1992). &A= Fe]g-ofo] 7}
g o zZtFel & 7|8 271%5e] 9)xd, Remington’s
Pharmaceutical Sciences (Gennaro, 1985)9A4 = &
s 2 27E 53 o AR FH dGelAg
gat-g-5 JEellof 3, EAl 2hg-2] AlgAdo] o]
AR A& o] frAF ook ahm, A el =7] ub
Solt AT % =40l glolok shw, A zgD o
£ 33ME a7t Ao oAE AHE §F
s, oAl oto 2 SgHEe]  eslelol Behe R
olch. =2 Aebilrk obd Aol gel WY A n
EAlE D=ol| FFHA ot dta A= AA A E
9 WHelh e B, Aol FANL
Aalo] HeojME= of Hot YubRog AREET Qe
HEH 2] £FEX benzalkonium chloride (BAC),

chlorobutanol, benzyl alcohol, sorbic acid, polyquater-

nium, isopropanol, chlorohexidine (CHX), chlorine
system, thimerosal, polyhexamethylene biguanide
(PHMB), polyquad, hydrogen peroxide (H,0,), polyquar-
ternium3} myristamidopropyl dimethylamine (MAPD)
Sol ek 2 F A 7 dE o] 4H: FAHRE
A Q1 polyhexamethylene biguanide (PHMB)& A% =
Al As B ez A A57e FE F
o2 7HA] 248 opr)skn vk & ATl 24}
¥ MPS A E FollA] ReNu®g} Free-sol plus®=
PHMBZ A}-4-3}% o, Opti-free express®= poly-
quaternium-13} ALDOX™ (myristamidopropy! dime-
thylamine, MAPD)®] BZA] A& Al&s)x glo).
PHMB¥ gtzbA o2 0.00002~0.00005%2] %2
AH2-E 31 9lE=4) (Module 5, IACLE, 1997) 4634 4
A R b)) #R2| d e} (Legionella) 7F 3l
s}, AEAGCIA AR 2A, AGEE deTlE
Az} A otntell A7t ERlEdlx SRR EAR
A, F7FAAA G A8-9] 3FukE A 24, pseudo-
monas aeruginosa N4-& 918 HZAFA] X gA A,
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w319 ARe] A} (Samonella) 7R & A%
A2 Fo ANV 252 ALHAD e 2
A3} 2 biguanide o]} (Michael et al., 2004). =3} 1
ook 9 STl ds) BEAT 1Y e] glen,
FGA Aol uwiel dFztgo] F7Fgh (Gilbert et
al., 1990a, b). HNAF(E. coli)®] Al zAdol] F3& 1]
Z "EZ=g ol 3F &4 (mitochondrial respiratory
enzymes)Z 2 A)3pH (Broxton et al., 1984; Gilbert et
al,, 1990), A9 AL AX)023} 2bgahe Azat
o Wbl ew £4RES sof AFEE Lol
t}(Ikeda et al., 1984). PHMB2] &} wlQA] ofuu}
o disiM = dAFEelx ko (Dawson et al., 1983;
Kilbington, 1990), 7HAloleiju} Zbabedol] Wa & ot
= A8A2 FrMba )} (Larkin et al., 1992; Ribasi
etal, 1995). z=)v} AFEsds FaspAt 24K
$Ade) Hejof & R ANA A whE 540
BlX) 7] ghobof gl Zlo|th. PHMB 0.00002~
0.00005%%] F=ix FFA2AMS 7152 SRRt
o] yxix ZhxAd J¥E & £ gl F=olth
Yoon (1995) 50 7ol oJsphd A3 A4 ZHE
A= 71F 2 AR g GlEEAA 1A Al
1999-183.(99. 3. 10))#} CRCERT (NSW, Australia)ol]
Al et A E2A A GAHE ARE ARNEA 3
-2 7]—7153'4- CIVA VISION CORPORATION®|| A4
AAG 71EE vhgoz 3 MEs4hAdgrleda &
W) MPS®] BEA e MEZFA AdEo] UsE
B 31 3} 31 (Pfister & Burstein, 1976; Robert, 1988) )
234 Al go] A & AFEE 53] PHMB
7} 285} gle] PHMB7} 549 fdlel ¢ 75
g 5 o B ATl E o] HEA AEe] xFR
ReNu®$} Free-sol plus® 2| £} M3 griAdz, =

A Asf o] vehston, A 7hEQle] Zpuiads] gl
141&]}_3}94 Hefjaby A=z FAFd 2 U A
2 R xZFo] Q7] wlEel AV Ft ZHE
A=l A2 gl o] HFo] ALH o] Zte] 223}
el FzodA A wpgEql AuzA Hze] F4
| AAER AR ez A F23 Iz

]

$£Ato] HHbE 4 glor, of 7o) A 9%
< el sle Aol flQle] FHo AlEr Rahg-g el
9 4= ]t} (Ryu et al., 1995). Opti-free express®ol] A}
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2% BEFE polyquaterniumz}t ALDOX™2] 2713
AgAle 285y 9)=d polyquaternium:= F=2 g
TA4-% 39, YAFE (protozoa)s| AL A9
a3z gl BuEw gt} (Rosenthal et al.,
2000; Codling et al., 2003). Polyquaternium-2 A A j
BEA A F3AFH hFEAA AF T2 Qe
¥ BAEE M 49 =¥ E (Quaternary
Ammomium Compound, QAC)ZA] & ®-A-527] (22.5
nm)Z. 13} A= pore 3~5Snm)el] HA JFE 4 ¢l
t} (Desmond et al., 1988; Michael et al., 2004). o]z
AlconAte] AFIME o] BEAE AHEIEY A=
229 Asol @ dgF 0AA de Aoz ved
o} gubd o g AMEHE = HE 0.001~0.005%
Q) in vivo AN HZ FHE 25, AT|H £
FAREG ] ARt of kg mAAE gt B
3 HAu o) MEe} A ZAbele] AAE A7
A Aziz Asle] Zhe] B34S HIAA Al
o] &4 2ty v X v glok(Caroline
etal., 2001).

2 A7ld Azsze] 2A40E 3 dea
2 A% A Ao A vebted, Ytes
= 71 AL w@o] 3343l Opti-free express®
AENNE A2 24 A H2 Qe Aokt 2
Qo 9T =Y EFE AL ALDOX™ el
polyquaternium} &7 2145tz gledl o] AR
ofo]24] amidoamine © 2] stearamidopropyl dime-
thylamine, N-[3-(dimethylamino) propyl] cotadeca-
nanide = N, N-dimethyl-N’-tetradecanoyl-1, 3-propy-
lenediamine 2 2 &#A] gl BEA ARo2 o] A
Fof| Smg/Lg& ZFslT o} (Reanne et al., 2003).
MAPDE REA 29| 4o gt 7|42 ofx A
sHA B ARE GRS (antifungal)F 34
A Z-2 (antiprotozoal)el] w3] Heid &EHE& AT
oJcksr B 7 ¥ ¢)v}(Rosenthal et al., 2000; Codling
et al., 2003). 12|t} MAPD AJ&-0] 3715 AA| FollA
AxA SFore] FAANE A invivo ¥l
A Ztet Abm)el W) z2]9) gestA wste $ET
As}, A go] ¥4 FulA wige g2 Aoz 3
2= A

weta BEA Q] &l e ATet #/A o] A

AZSY B2 5= 99 2 g o
2 AgH oz o) Feldof s, ol B
o) 8ol we Fahgol Uhat A 2
Qo) W g A7 Desiea Yhdch
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2 A7 A3A f5ER sl EdEdx R9e
e oA 4ol (multi-purpose solution, MPS)e] A Loj)
A FAANA ) ARE E7wd AT Ae o
Wazalel] v SAAEE ulm dEAstaa) Ajgs)
9} MPSE ReNu® (Baush & Lomb, USA), Opti-free
express® (Alcon, USA), Free-sol plus® (Hanamedicon,
Korea)& AHg3MAet AEF4 s &2 L929 HE2FE
Wi F MTT assay2 A5 oz 33
# | Z4 3} Hematoxylin & Eosin staining %28 A 2}s}lo
2R, Invivo AL {4 7LE 9ule] (18eh)E 32
o7 Rl APL FH (9ol 4 MPS A EFL,
Wz $F b= BEAV) 28HA] o2 HFA
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electron microscopy, SEM) o2 #3s)gc). A x32] =
s&-& 47t 54,73, 36% 2 epten], e Wl
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