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Aol A AREE= Aol oS #8e AFATI shaat MTT @A & Al29] thAbe S S45kaL, A=
AL Al dE WA8L] flsf HEAZF 71 o] itk &3] o|F5Y HAL AL EFY AAL AAEeand A
AME-E]= B ZE A o= benzalkonium chloride, chlorobutaol, (LDH leakage assay)< ZFZb A| =519 o, GA|EE A7)
parahydroxybenzoate 50| 9=t olg] eFol|A ol2idt £ o|&sto] MZAEARE Bkl
HEA7F ZapdujA o] 545 Uetar Aol A
AL AAAZITL Bastgeh’” RER BA4L HyAtol CHada}h Hhe
U A duhe, A4 5 A7 Zeteks ARg-sfiok st
= A5 " A7t Hedl, BEA 545 9sto] ehds) MIEEHQETH RX|
A ARESE7] Q18 HEAIZE fls Hetero] AlEstE o] d
el ARga gl - . Zharol Ao LR FoIZtare G e TR 2}

a3 ob7] BEA|7F Q= o2 A& Q] hyaluronic W2 o] 510] ZHabAbme} ZHFAIALL. Cy + Mg2+7} 3

acidQ} carboxymethylcelluloseS FAAEC E 3= HHpH
Al Usig ool A% Zupyualse] njxk fat Ul
=20 gt s 7} glol, AAE-L Kynex” (hyaluronic
acid 0.1%, Alcon, Seoul, Korea), Hyalein Mini 0.3%"
(hyaluronic acid 0.3%, Santen, Osaka, Japan), Refresh

S%]Z] -2 1 unit/ml Dispase II (Boehringer, Mannheim,
Germany)oll ©HA 37°C wjF7]ol 1A17F Af2|sto] zd}
AT S B3 ok 587 1,000 28l A4 (revolu -
tions per minute, rpm)ofA AHEL]SHGTE AEZYHE
& WloR BN HEE BE T 35 mm 7)) &
vl o} A](Corning Incorporated, Corning, NY)Z2 7
95% air—5% CO»7} Fw¥= 37C jd7]olA Dahalef

Plus® (carboxymethylcellulose 0.5%, Allergan, Irvine,
California)©] Zepaps 2o X A 2@ S4S B2

3}l Dulbecco’s modified Eagel's medium (DMEM;

mF 2 20004 78 22w AAMETICL 2010 62 292 . ] .
Gibco BRL, Rockville, MD)ef| 10% fetal bovine serum

=HARK O B 4

SO M OE 1-10 (FBS; Gibco BRL, Rockville, MD), 20 ng/ml epidermal
FATH SR E A Ot growth factor (Gibco BRL, Rockville, MD), 100 units/ml
Tel: 051-240-7323, Fax: 051-242—7341 o . .
E-mail: jongsool@pusan.ac kr penicillin (Gibco BRL, Rockville, MD) 2 100 ug/mg
*8 moo| 9xl 20094 CHEIOMIIES| X1023] BHaHE|0)M BAEZ streptomycin (Gibco BRL, Rockville, MD)-& #7}sl A|xZ
%*EEI%% oFolo ol 7lA © Ay Z 7). =
*0| =2 HAYST KRN SATH|(2)0) ol5tol HREUS. Aol 2~ 2k e wAste] A3zt 9 (confluent
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growth) =] 31 o) sl A& 2Hds] A AT 5 Dulbecco’s
phosphate—buffered saline (D—PBS; Gibco BRL, Rockville,
MD)& 13] Al&3s}aL 0.25% trypsin—0.002% EDTAZE A
gJsto] AlZE Eestlt:. Al27F s Aol A &3] o]
e, 2g 22 F Ao Eef e AlZ7} Z3HE wjok
oS oF 1 cc WL ALKITH jokalS oF 2 cc WA HE
= AuiFAIF ek Coulter counter2 A4S Z%3}o] uj
ofello]| ZhabAta A 5107 cell/mlo] B H95-47] Tk,
96 well plateo] 200 pL& A& % 37C, 5% CO.—95%
air®] wjF7lol A oAl Az, oldf AlZ7E |
S} 749 7 ofEol| o3t RFe] A& 4 leug iR
oflA] Zru A7t 80~90% Bk T wirtA] 4~5
o A= A

A|EZ9] JAE=ES =435} Y3l calorimetric assayS
|-&5te] A2 Yol EA5k= formazan 3}3&2 FF=EE
2xsto] AlE Z4AAL vtk HES) YA
S =2A4517] 98 MTT solution (3—[4, 5—Dimethylthiazol—
2—yl]—2, 5—diphenyltetrazolium bromide) (Sigma, St. Louis,
MO)E ©]&3t B4 AHE8Fl =, e 9] tetrazo—
lium salt7} A|Z WY n|EZEg|o} mio| o8] FMQ] for—
mazan 3RHEE HH = YPE o83t Ao, PESHL
S ALE = thAbatgo] AT A FHEE o]

A EABHE wpele”

[¢]

Subconfluenceo]] =23 cell& Dulbecco’s phosphate
buffered saline (D—PBS; Giboco BRL, Rockville, MD) &
13] Al Agh & FHEA 15+ 37HAE 304, 4417 12
AZE, 2477 B9t ZFATIAIES HEAZ F OA
D—-PBS= 13] Al &gt o3 s x]of] do] 3ok okaA]e]
% 24AZE HE A wfeprlol Yol wjokst the MTT
assay 5 AAISIGIT) A9 55 Hlastr] Qlaf txate
2L Balanced salt solution (BSS)Z AR&-51911, Dulbecco’s
modified Eagles’s medium ®j=](DMEM; Giboco BRL,
Rockville, MD)& ARg-ste] 4}7|9f FUgh o s AL
£ Wjokstel AERAISES A

MZe T E =23317] 8] 5 mge] MTT solution
2 PBS 1 mlof| &<l & 0.2 uL syringe filter2 AZ t}-&
DMEM |2 108} 314/5t0] AHg3teic. 4%50) vjorol
2 140 uL A= AASH & MTT solutionS 100 L A7}s}
o] YdFulE SURE plateE 7F § 37CoA 447F §ES
Ak A AZelL 110 ul AA3 3 DMSO (Dimethyl

sulfoxide: Sigma, Cat. D—5869, St. Louis, MO)Z 100 uL
go] A2oA 2017t S50 EFA17]aL ELISA reader
(Moleculae Devices, Sunnyvale, CA)& 570 nmol|A] 5%
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A g A (lactate dehydrogenase, LDH)
= 0|38t Ao =4 H|lw

Al 7HA] lE 72 96 well Hi=] ] HA|%F 200 pLofA
100% F=7F === ujA o) @2 & 7b7F 3048, 4417L,
12A17F, 24A17F B9t ASAIF T gl =& | & A3
of| Al 2% LDH & 37C =9 oF=-g/Jeffoll Al ELISA
reader (Moleculae Devices, Sunnyvale, CA)E 0]83}o]
235191, JxFor= B (Balanced salt solution)
< Ae]ste] 490 nme| sl A Z47+e] kS S5t
LSt g 5o Apol & H|w sk e ATt
22 ZH2F 107]9] e gl A|2E gide s A
3 otelen, Ht LDH 971 AEsto] dix+t2tke] &
AlSFAR] H|wE 3I3lk 2] 52 95% 4<=01%laL, ANOVA

ofrloll WE MZ2| 0fF = HAt

TR e Al A|229] o] F=E TS| s
transwell 6.5 mm insert (5 um pore size membrane)S
100 ug/ml Fepl 1802 s 52k 98 & insertE
PBSE A& F 24A17F ¢t A=A o 2 uj A2 5
3x10° cells/ml7} E|=2 EGM—2 wj#]of z Hxz 3]
A5k & 7} wellof] 600 uLA golF=qle}. 24417 52 37°C
k7] o 4] vjekst & insertE PBSE A2 % Diff— Quick
Stain setC.& 11785kl GATE & ARAZIEE e wofu
o] du|slo] Seto|=E A4St A|EZO] ~F ASIT

ofmloll W2 MZO| ¥ 3= F= A
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oS4 wjoFlol| ZrabAtu| N EE ZHzF 5107 cell/wello]
2 Hex]7] the 6 well plateo] 500 LA A& & 37C,
5% COs=95% airQ] vljoF7]o)|A] 4~54 A= ujoFs}ict.
Subconfluenceo] =&3t vjx]o] 100 uL T3l o2 Fof
2325 W T, AFY HiAE AASHL 37HA] s
oS H5A71 3 o et
light microscope) 2.2 24A)7F & M|Z7} AT ejz] HEO
2 Ao} Solot Ars Baksllth FAnele] ul
Aerslslz] €8 Adobe Photoshop 7.00.2 AMRS &8
F 1028 94% Hote] A G B2 AL 247
=45k, ok He] 5 2UA71) ol Al A Aol
Al Z4stel, AAsiae] AES e EAST

&) (Inverted phase—contrast

FHZZA7(0f oot MEXEA 24

AEAEAL Hwg selshy] 98] wjepale] 2
Z7 } 5x10° cell/mlo] HEZ HoA7] & &
15 A AAE 100%= 4X7F 24X 7 52
W55 WStk EYAlE o]85to] A=
4°Co)A] 12,000 rpm &2 5E7F YAIE A =
% =2 binding buffer 200 uL Y31 A2 & thA] 5874 C
oA 12,000 rpme.2 AlEejAZIth ofd ¥AS T
o AlRYeh & AlEAPEAR] Wk A|ZE AFststy] ffst
o] propidium iodide (PI) 5 uL&} FITC—labeled annexin

V 10 uLE 22k H7 ek 1527 hadoflA] WAlet &
Slzolog My o|x MAF QA ZEA(two—color flow
cytometry)-& Alggstict o] wf 7)) apoptosisol Wil
A|225-2 annexin VoRt Bh&-S Yehar, AZIAL e
O] AH|3£+= annexin VJ—} Plof| 2% e Uehd, o=
27te) AEERS 7317, BASA Helt gazit vl
3to] 95% AJE}E(Students ¢ test, p<0.05)% w]ws}Fck

oxE BEALS Cytomics FC 500%x(Beckman Coulter,
Miami, FL)& o]&3}%th.

ShelIkaLa} 513k F¢teRS sample tubeo]] B2 9 52 9]
2A)L [X—-20 (Beckman coulter, USA), AEele
sample Osmometer (Fiske Associates, Norwood, MA)E
o] g5lo] 4319 2, pH= Metrohn 780 (Metrohm Ltd.,
Herisau, Switzerland)2 AF&-3}3ich

2 at

MTT 2MHES ASSH MZo| At |

MTT 249 Al&okﬂ Mo FE=E A% A7
Al 71 oFA] B wZ T 308, 447, 12AI7J, 247174
thawtah AR5 o] fofet Apol7h ¢l

kN9 == L LS A|Zt0f [I}E LDH Assay

23] A 3ES Kynex”® ZIotelo] &3t 49 th i}
FAFSHAl LDH 9717F @A SA =9 24A171742] 0.6 0]
at& 92| =] e} Hyalein Mini 0.3%" ]| =%3F A9 A|17F
o] A& LDH 7Pt S7she s Belo, 97t
£ L0 olatz2 fA| = o] tixte] Hls| SAH R fofs)
A Z71elA) = 9kgkth. Refresh Plus®ol w23t A$o)=
AZrol Ad=% LDH o717t $7lehe e HAe
0.9 olatz GAI=| AL, tiztel el fofgh 7k 42
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Figure 1. The absorption rate of the water- insoluble
formazan dye in corneal epithelial cell exposed m
three preservative-free artificial tear drops- Kynex
Hyalein Mini 0. 3%", Refresh Plus™ by a scanning
spectrometer (ELISA reader). The values were not
statistically significant (p > 0.05).
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LDH assay

LDH titer

O Control

B Kynex®

[ Hyalein Mini 0.3®
B Refresh Plus®

30 min 4hrs ] 12 frs 24 hrs control groups and artificial tear drops —treated
Time groups (p>0.05).
Migration assay
300 T
250
200 Figure 3. Migration assay of corneal eplthellal
Z 150 T cells after 24 hour exposure to Kynex Hyalein
"100 L Mini 0.3%®, Refresh Plus®. Corneal epithelial
" cells were proliferated and moved into collage-\
nous membrane in media. Hyalein Mini 0.3%
0 © o ® showed most prominent cellular migration activ-
Control Kynex Hyalein Mini 0.3% " Reffesh Plus ity, but the values were not statistically significant.
1 2ch(Fig. 2). AL o P4 279 74 A= Hyalein Mini 0.3%°,
Refresh Plus®, Kynex” ¢=0.& Uelfot E44 ol
okmloff e MZe| ofF Y U ck(Fig. 4D).
24Xt 2ol &3t 74 Migration assay A% U & FME EA715 088t MEXIEAL H|W

F}sto] ek A ZhabAbu] M| E 7} Hyalein Mini 0.3%%,
Refresh Plus®, Kynex® &4 & AN Z9] o]Z&Alo] 1}
ghpoi}, gizae] uja] BANCR fejg ol
A A ch(Fig. 3).

ofrloll WE MO Y=

e HA}

b &t oAl =&
B |2, Kynex®, Hyalein Mini 0.3%, Refresh Plus
W= A ZhaAbE A E7F JAF Heolg 22 o]Zake] &
Fejol ol Rl & 4 AATkFig. 4A-H). Zupia]
AIZE7F Abe} S0l = B Al 71 oFA| SollA] Hyalein
Mini 0.3%°7} 714 @ ﬁ} 1(Fig. 4G), 1 t}go
Refresh Plus® &} Kynex® ©] ZAFs]E Ax= S A)517 U

el o L(Fig. 4F, H), Al oA =
E=o] {5t zpol= Holx| ook

= g z2a AL E A
. OFEX e A} v|ast
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Kynex®, Hyalein Mini 0.3%®,
A Al leE - 4AZHY Annexin V. @Ao] 3
O, e F 24412 Annexin V @A o] oF4 1k

PI GMo &7 kg5 Kol AZAEAL

A4t (Fig.
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Figure 2. LDH titers of cultured corneal epi-
thelial cells exposed in three preservatlve free
artlflclal tear drops, Kynex Hyalein Mini
0.3%® 2 Refresh Plus®. The LDH titer in
Kynex ™ was lower than in the control, but not
significant, and the LDH titers tended to in-
crease after all preservative-free artificial tear
drops were exposed up to 24 h, but there was no
significant difference of LDH titer between
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H @

HI

Kynex®, Hyalein Mini 0.3%", Refresh Plus®e] A4

)

o Z¥7¥ 129.4 mmol, 133.6 mmol, 155.8 mmol

.

Z+7F 133.6 mmol, 131.9 mmol, 124.9

mmolo|¢om, K =% 717+ 16.38 mmol, 15.43 mmol,
17.97 mmol2 &4 =|o] oFA| 7to] Xfo]E Ho|z] ¢kefr.
pH Al OFA] H5 552 SRS HAth AFEY 94

Kynex® 284 mosm/kg, Hyalein Mini 0.3%"
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Control

1026
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Percentage Reduction of Wound Width

Control Kynex®

Control

Refresh Plus®

0 hours

24 hours

Figure 4. Scratch assay of corneal epithelial cells immediately after ex-
posure to (A) Control, (B) Kynex®, (C) Hyalein Mini 0.3 % ®, (D) Refresh
Plus® and after 24 hours exposure to (E) Control, (F) Kynex®, (G) Hyalein
Mini 0.3%®, (H) Refresh Plus®. The effects of artificial tear on wound
closure were visualized and also represented as the percentage reduction of
the average wound width 24 hours after confluent human corneal epithelial
cells were scratch wounded and incubated in the culture medium (I). Data
represent the mean + SD of the percentage reduction of the wound width
which was measured as the average width of the 10 measurements along the
wound edge. Normal corneal epithelial cells were proliferated and moved
into scratched scar in media. Hyalein Mini 0.3%® tended to show more
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Hyalein Mini Refresh Plus® . . . . .
o prominent proliferation and migration than Kynex® and Refresh Plus”.
K ® PR ® ®
ynex Hyalein Mini 0,3% Refresh Plus
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Figure 5. Flow cytometric analysis of apoptotic cells using Annexin V FITC after 4-hour exposure to (A) Control, (B) Kynex®, ©)
Hyalein Mini 0.3%®, (D) Refresh Plus® and after 24 hours exposure to (E) Control, (F) Kynex®, (G) Hyalein Mini 0.3%®, (H)
Refresh Plus®. After 24-hour treatment with artificial tear, a number of cells are positive Annexin V and negative PI (F, G, H) in-
dicating that the cells were in the stage of apoptosis.
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Table 1. The ingredient, electrolyte composition, pH and osmolarity of the three commercial preservative-free artificial tear

o e . K* Cr Osmolarity

Artificial tear Chief ingredient (mEq/L) (mEq/L) (mEq/L) pH s
Kynex/\‘ Sodium hyaluronate 0.1% 16.38 133.6 5.5 284
Hyalein M1n1 0 39" Sodium hyaluronate 0.3% 15.43 131.9 5.5 284
Refresh Plus® Carboxymethylcellulose 0.5% 17.94 124.9 5.5 303

kg, Refresh Plus® 303 mosm/kg@ §-2J8+ z}o]7} 91gict
(Table 1).
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drARTE ==Y VM ARG SEHe 9
SO g Qlete w9 BT, AN, ==Y A
< Fdehe wEY O 2He thasd Ao o
A ek o] o 7| EH o R 1249l A FEe AFFAS A
QFel= A, Ak brAERSel Hf-ol= a1l 3~43]
ko r FAE A 4= AT, AlgE Af-olls 't
A4 QFENG Hotajol FIE B 42 Qlek” upeba] A
gk A ZTS Bl Al BEA Y] 5AS aLefste], i
27 elieoo] de] AMEE I 9l Kynex®, Hyalein

Mini 0.3%", Refresh Plus®7} tjE# ¢l okA|2 AJ&5 1
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Kynex®, Hyalein Mini 0.3%"°2] 2=
AH(Sodium hyaluronate)& HeAAE 7HA 1 Q= 2
Aok =ZE|7ke] shtE N—acetyl-D—glucosamined}
sodium—D—glucuronate 2 F-AAH oA &7} vHEA S
2 olgold gk’ T4 Hek Al ARSI )5S
XA AR C-E FFAA 7| F7) Qe Aoz o
olom, " Chung et al'™''e zhat zte] sk o
T AN A% ey wETe 18-S oAska A
HES] AEDNE uoh ZORM A Fol 7lofhkn
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=7} w2k shich 2 date] A% hyaluronic acid
9] =7} 0.1%HTH= 0.3%0)4 ZFapatul A Ee] o] &
Apo] ik EeislA hepdh,
72 B A A A E 2 A (carboxymethylcellulose) E3F 7+
AR O] FAEl ] 7)ol RaEw gy
Jul | 20) 2k o] 5, AU Sk SAA 33
FAA7IE Aog A Qlek'’ B dAte A MTT
He ol A2 F3EE SAT 23 A0l s
A|7ko] % letelgt= Kynex®, Hyalein Mini 0.3%",
s 75 ozl wls) ojn) Q= AIE AL
% Ho|z] ¢kgkrh Migration assayi: HiZ| o]
U] $& Heh o gm0z Auvt ol ok AE

Wofr g N2
o>‘

fr 2 e 12

= 0.3% hyaluronic acid A1%-¢1 Hyalein Mini 0.3%"7} 7}
A3, 0.5% carboxymethylcellulose A2 Refresh
Plus®7} 72 52, 0.1% hyaluronic acid A¥-¢l Kynex®o]
A ol AEST A Ae ARS Btk

Scratch assay+ 8i#|of A7 FAEHAZ A4S 2]
Azz7} Ael ol ee As WS}, Ao ) & &

He HE 740]1;1] /\1] kaﬂ = x%x}z%gg Z}FAF o]
oo} o1, Hyalein Mini 0.3% 0l &3t 4> 4442te
A A o) o)Fo] 7 EAA TR, 1 T2 2 Refresh
Plus®2} Kynex"9] A$-= A|£] 0]57} GARIA Liehto.
EARoR ou] 9= Zjo|= ¢t Qarboxymethylcelhﬂose
o] AL =&} 0.5%E lEOLI- 0.1% %9 hyaluronic
acid OFA|L} A9 o]FdAfo] FAFSHA UElteng,
hyaluronic acid®] A& o] ¢ ¢4S i3] &
S qlov], S FU stol A AEFAY L 3
ApslEsele) et A7t Bag Aol

LDH 97} 84 A3} Kynex®, Hyalein Mini 0.3%", Refresh
Plus® B A|7to] 2942 LDH 5717} S7kehs e
Helou, e q7prk 1.0 ofstz fA|E o] Al &40
Aoz vehydth Kynex®©] 79 Hyalein
Mini 0.3%°%} Refresh Plus®®c} LDH &j7p7} o gk

& Mol HE £4o] U 43 o 5 U

oFlel o3t Mz %
2 UhrolAld, g
AEALR o] 2ojxH, ol
sk, 1A SHae) 97, 74,
2 grojgieh Y ofgle] ofst AEAWA ST SHelst
A} 2 Aol A= Al 7HA] QlE=do] ofsf UrEkh= A
ZAPEALY] WHe A=E Annexin Ve PIS o]-83F G4
A9 A3tz pastac AuysARE 371 o B
T eFE 5 24X A|ZAFEAL dgo] Uebgon, A5
A2 A 2% T BEE QIeh t 2ol A Al ZAE
AR R A2 ARZE 9HA] e wiey 2 ARAI7E S
Lol Zlo] ddEER F7HAS H7o] Bod Aow
Ay 7Tt

WG g AR Rtk A7 AMSSEAY
= AR o bt EHO SA4S oE 4 Q=T 1
Qolo sl oFAo] A2, pH, AHESF HEA S B =

% ¥

il

HEA e

4
KOl B Al EAS F= *ﬂ:‘?
oz ]
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Gk oAyt
at, Cl°, K,
Aol & EOW okokth M ejHof A A7
o 9= Na" 142~152.7 mEg/L, CI” 104.0~
mEq/LZIE} = i} 17k ,Mﬂ Al A 2ol o))
ool Al £Afo] 2 S 4] ¢

320 mosm/kgi 0*217:1 %5 9%,
0.3%"= 284 mosm/kg® FU3F AFEQRS ® YT, Refresh
Plus®= 303 mosm/kg® ZAEo] m%= AAF Hojgl o),
2o AFEQkS 713 Kynex“2t Hyalein Mini 0.3%" o)A Al
32 &k Ayt of2 A YERY hyaluronic acid %= 2}o]
U T2 Q015w A|xiAte] Bolahe MRS 2 9lo] K

Kynex®¢} Hy alem Mini

2 =X
h

o} A3t 3z 9 A Q3 Aoz AZEH

Alzzejel o} pH7t 7.0~7.7 HLIY wf AlZo] Ay A%
o] FAEER Hetore] pHiE AJ329] &4bo ok A
£ a%loR B 4 gt Al oFA mE 5.5 oRg o
2 Ueht AEaatel Aolo] Qe mAx B Aow
A7y,

Aol AR Aah o] AR YA AT A%F
Aol A AREEAL Q= B8 QT ARl Kynex,
Hyalein Mini 0.3%", Refresh Plus®= zFapAtu] 4| 0] n

)& oJ3Fo| Aol QrAEA Aoket 4= Qla1, zhukAtu] AAb
o Sl A% FE3A A8E 5 9 Ao AzEr
G5 opAY AR A FEEA AR W YA
A7t Lag Aolck
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Effect of Preservative-free Artificial Eye Drop on
Human Corneal Epithelial Cell in vitro

Su Jin Kim, MD', Eun-Hee Kim, MD?, Ji-Eun Lee, MD, PhD', Jong Soo Lee, MD, PhD'

Department of Ophthalmology, Pusan National University School of Medicine, Medical Research Institute,
Pusan National University Hospitall, Busan, Korea
Department of Ophthalmology, St. Mary's Hospitalz, Busan, Korea

Purpose: To investigate the biologic effects of preservative-free artificial tear drops on cultured human corneal epithelial
cells in vitro. ) ) )
Methods: Efficacies of the preservative-free artificial tear drops-Kynex(‘R:, Hyalein Mini 0.3%", and Refresh Plus®-were
evaluated using the MTT assay. Cell damage was determined using the lactate dehydrogenase (LDH) assay. Cellular pro-
liferation was determined using a migration and wound-healing assay. The ingredients of the drugs were analyzed.
Apoptotic response was evaluated with flow cytometric analysis.

Results: Metabolic activity of the corneal epithelial cells showed similar activity to that of the control. Cellular migration and
proliferation also were not significantly different between the preservative-free artificial tear drop groups and the control.
The LDH titers tended to increase for up to 24 hours after exposure to the preservative-free artificial tear drops, but there
was no significant difference in LDH titers between the control groups and the artificial tear drop-treated groups. Apoptosis
and necrosis were observed using flow cytometry at 24 hours in all groups. The electrolyte levels, pHs and osmolarities of
the three drugs were not significantly different.

Conclusions: The clinically available preservative-free artificial tear drops Kynex(R> , Hyalein Mini O.3%®, and Refresh Plus®
had no significant toxic effects on corneal epithelial cells and thus can be used safely.
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