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lium—free explant method2 At} vjFA| ATt HA HHF
Areoll A 10% fetal bovine serum, 5% chondroitin sul—
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(Corning, NY, USA)of| @& & 127 v 7} vpete]] £5=
5 olle}. Zhfo] A& ARkl e o Zbute] A
& dAEolA 12 mm® 27|12 AAsla zhete] oS
I A9 S5 knife®= AARE -, 74l u]5-0] wo] ujeA
o iR ow @A stal x2|o] ujA|o] FE3| FA7|=s
oo =gk} 18]t 37C, 5% CO:—95% air HS-7|of @
A AZ7} S2s] A Wi7hA] wiefelS A Al E i
SAZTE AlZ7E $88] A5tE w(confluence), HiAIE
A3 AABIE 0.25% trypsin—0.02% EDTAE *|2]3}
o
%
7_11—
Zq

>

Wl A R BeA7l F, vjekole oF 5 cc

T g3 wglog mjetdo| RakE Al2E EeAFih
TPAZA 7L s FR Ao A A8 o]E R, 2R 2
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fer mediao] ol A3AZ 271 & 25 cm® flasko] H9FA]
ZAck 2x2 mmo] 7|2 AutrAlE AR & s Al 9
oloR vkt WofleRE 10% Fo1d B3
(Gibo, USA)-& #7}3} Dulbecco’s minimal essential medium
(DMEM, Gibco, USA)-& A83131a1, oS $1al 50 u
g/mL gentamicin, 2 ug/mL fungizoneS A7}5ich 37C &
LollA 5% CO.=95% aire] vieF7loA AupduiAzs 3
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243517] 98l MTT solution (3—[4, 5—Dimethylthiazol—
2—yl]—2, 5—diphenyltetrazolium bromide) (Sigma, St.
Louis, USA)E o] g3t BAwS ARgslglEd],” o] Wy
2 -2 9] tetrazolium salt7} n|EZE=E|of FAof 23
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shol AESHE AEEE 24sks Wlolth
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s)4ato] ARakele. Abxe] WIS 140 uL i A7
$ MTT &9 100 pl. H7fste] ¢l YR plates
7Hd $ 37ColA] 4A7E BEgAIF T ThA] A5 110 ul
A Az & DMSO (Dimethyl sulfoxide: Sigma, St. Louis,
USA)E 100 L o] Aeol4] 2087} B50] Eghl7|w
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T PAE Y2 S8 AR Ui WEE S Al
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EPRIL A7)0 AR 7t s E S Aldto] Zh ke
EA A GoAlLe v|askrKStudent’s £ test, p<0.05).
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A < 200 pLoflA ZH2} 10, 20, 30% =7} = =5 Fekef
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¢ AEAIF . ool wEd F AlzzdofA f-2e LDHeF
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blndlng buffer 200 uL Hy He & 1:]-/\] 5E7}
12,000 rpme.2 Y4 72Xt} o
Yol & M| zzApEALe]| mhRl M EZE 7Bkt Y8ke] pro—
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E 2V7F ZA7HAIFT 1587 HAloflA & & o
NE B o]F MAF G A ZEA (two—color flow cytometry)
AlgYataict. o] o Al ZAE AHapoptosis) ol Wzl A3
S UER L, AlZ3A(necrosis)
e o] Al E= annexin VJJ- Plof| =% of4e vpehfd, o]
247k o) M| Eia-E HokelaL, AT f-o4dS Hlast
Soh(Student’s £ test, p<0.05). S-A|=Z EAL CYTOMICS
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[IR=%=S 5—“?_—7‘_} AAAZ|AL, cover slip AFESHe] 2 &
200W9] Wi BT,

At

6. 2|0l mE M=o HAEH

o

FA HH S} ThEb

= — =

off

10, 20, 30% &%=9] SFAlf 4AI7F eF & A2
1ol Wsle PasIlth. 1 HPE-e vjokalo] ofA
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>rﬂJ
_L
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% 9AAA ExEAEE| A (JEOL, 1200 EX, Japan) 0.2
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- il
1. MTT 242 ALRSH MZo| Al S8

DMEM HjA|Z o]&3}o] Soothe®9} Systane®e] zFalAl
Az 9 Aupgu Ao A2tiabsgs 578% A +
oA RN FETF SRS, mE:AR] AojASE
Alsztjarg o] BA SAE I AL FSAl0] A= AR

Hycoh
2P A A A ol A Soothe®= 4A7F 13 A] 20%, 124]
Zhold & Al 10% FE5E 50%01d M2Ed=7t A

=

3= Qe 28U Systane™e ZHaFAI AN E Al o] 2hat
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e, Systane®2 =& AJ7to] 44E, v E 25t =
S5 AN E At o] AAF] SR o 50% o]
o] AAFGE ®Ql A= §lthTig. 2).

2. AHe 5= 2 EAZHO E LDH Assay
Zhar A 2| 29} ek A EOM Soothe™= =%
Al Z = LDH7} §43] 57t
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EBlorr &
2,
M
T+

< LDH =217} i z2t3t

slaste] 2 #Map} ¢lglh 2 A oA Soothe™ =
ANZF =2 A] 30%, 1247 o)Ak =2 A] 10%9] ErEHE

LDH7} 223] 27151901}, Systane® =2 = 0l 24
A7 =ZA7H = LDH 4:219] 2 W7} ¢lgich(Fig.
3). wjokE Aubibux 1:5011*1 Soothe”= 4A|7F 12 Al
30%, 12AX]7F oJAF e& A] 20%9] ==X ¥ LDHO| &

g Z717} VEhgen, Systane@’% ol FrEoAE 24A1
7F 2712 LDH 427} v]mA b A o] tk(Fig. 4).

FMZE 24712 0l8¢et MEXIZAL H|W
tizstoll A PI 9 Annexin Vol 844 1.2l ¥k, Soothe®
9} Systane®2 @] Ao AL 305 w=FA|= A EAHAL
719 wEE A Fkai(Fig. 5), 4A17F & AJNE AHlZA}

www_ophthalmology.org 1645



- L stotntsts| x| 20103

B10%
H20%
O30%

B control

Absorption rate (%)
D
o

Systane | Soothe | Systane | Soothe | Systane | Soothe | Systane | Soothe

30 mins

Figure 1. The absorption rate of the water-insolubale for-
mazan dye in corneal keratocytes exposed in Soothe® and
Systane® by a scanning spectrometer (ELISA reader). Metabolic
activity of keratocytes was decreased, at the higher concen-
tration and longer the exposure duration in both artificial tears.
The survival rate of Systane® was higher value than that of
Soothe®.
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Figure 2. Metabolic activities of cultured human conjunctival
epithelial cells showed the dose-response and time-response.
Soothe® has more inhibitory effect than Systane®.

HA7b wEE QI cH(Fig. 6). Soothe®s= 20% B o]ARe.
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Figure 3. LDH activities of cultured human corneal kerato-
cytes showed that Systane® didn’t affect LDH activity sig-
nificantly, but Soothe® has showed that by dose and time-de-
pendent response relationship.

1000
900
800

~
o
S

@
o
S

B310%
W20%
B30%

O control

400

LDH activity (% of control)

systane | soothe | systane |soothe | systane | soothe |systane | soothe

30 mins 24 hrs

Figure 4. LDH activities of cultured human conjunctival epi-
thelial cells in Soothe® and Systane®. Soothe® showed greater
LDH titer of the conjunctival cells than that of Systane®, espe-
cially in the rate of dilution of 20 and 30% after 12 hours
exposure.
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B4Rl A En 7 24 YeRf2ck(Fig. 8A, B, C).

AN E2] B9 Soothe®™= 4417t wE A] 20%
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Figure 5. Flow cytometric analysis of apoptotic cells using Annexin V-FITC at 30 minutes after exposure. Human corneal kerato-
cytes were left untreated (A) or were treated with 10% (B), 20% (C), and 30% (D) by Soothe®, were treated with 10% (E), 20%

(F), and 30% (G) by Systane®. After 30 minutes exposure, most corneal keratocytes in both artificial tears were primarily Annexin
V and PI negative.
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Figure 6. Flow cytometric analysis of apoptotic cells using Annexin V-FITC at 4 hours after exposure. Human corneal keratocytes
were left untreated (A) or were treated with 10% (B), 20% (C), and 30% (D) by Soothe®, were treated with 10% (E), 20% (F), and
30% (G) by Systane®. After 20% Soothe®, 30% Soothe® and 30% Systane® exposure, a number of cells are positive Annexin V and
negative PI (C, D, G) indicating that the cells were in the stage of apoptosis.
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Figure 7. Fluorescent microscopic findings of human conjunctival epithelial cells (A, B, C) and corneal keratocytes (D, E, F) at 4
hours after exposure (original magnification, x200). (A, D) control. (B, E) 10% Soothe®. (C, F) 30% Systane®. After treating with
Soothe® and Systane®, apoptotic cells were visible, which represent fluorescence after binding DNA flowing into cytoplasm due to
disruption of nuclear membrane.
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Figure 8. Transmission electron micrograph of human corneal keratocytes (A, B, C) and human conjunctival epithelial cell (D, E,
F) appeared after 4 hours exposure to (A, D) control, (B, E) 20% Soothe®, (C, F) 30% Systane®. (Bar length 2 um, original magnifi-
cation, X 3,000~ 4,000). In general, the plasma membrane with microvilli (black arrow), nuclear membrane, and nuclei of corneal
keratocytes were visible. 20% Soothe® had more severe and damaged cellular structures, such as the plasma membranes with micro-
villi being disrupted (white arrow), vacuoles enlarge (black arrow head). The chromatin of the nuclear remnant had condensed along
the nuclear periphery (white arrow head). The keratocyte and conjunctival epithelial cell showed loss of microvilli, vacuoles for-
mation suspected swollen cytoplasmic organelles at the cytoplasm (black arrow head) compared with control after 4 hours exposure
to 30% Systane®.
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Annexin Vo} PI& o] 83t SA|ZEA o] Autz 24519
ok T AL 270 oA B eZ 5 AXTH Al
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From the cell biology of the 1990s to the ophthalmology or the 21st

=ABSTRACT=

Effects of Gel Type Artificial Tears on Human Corneal
Keratocytes and Conjunctival Epithelial Cells

Jong Soo Lee, MD, PhD', Eun Hee Kim, MD?, Soo Jin Kim, MD', Ji Eun Lee, MD, PhD’, Na Mi Kim, MD'

Department of Ophthalmology, Pusan National University College of Medicine', Busan, Korea
Department of Ophthalmology, Pusan St. Mary’s Medical Center’, Busan, Korea
Department of Ophthalmology, Pusan National University Yangsan Hospitalj, Busan, Korea

Purpose: To evaluate the biological effects and cytotoxicity of gel-type artificial tears on human corneal keratocytes and
conjunctival cells in vitro.

Methods: Human corneal keratocytes and conjunctival epithelial cells were exposed to Soothe® and Systane® at variable
concentrations. Evaluations were conducted through an MTT-based calorimetric assay to measure the metabolic activity
and through a lactate dehydrogenase (LDH) assay to assess cellular damage. Apoptotic response was examined using
fluorescent microscopy and flow cytometric analysis, and cellular morphologic results were evaluated with a transmission
electron microscope.

Results: The inhibitory effects of corneal keratocyte and conjunctival cell proliferations increased at higher concentrations
and longer exposure times to Soothe® and Systane®. The LDH titers increased after Soothe® exposure, but showed no sig-
nificant difference after Systane® exposure. Soothe® and Systane® treatments both produced fluorescence, representing
apoptotic cells. In flow cytometry, the maximal apoptotic response was observed for both types of artificial tears, although
Systane® showed less edema, as well as reduced cytoplasmic and nuclear cell degeneration compared to those of
Soothe®.

Conclusions: The apoptotic responses of Soothe® and Systane® are associated with inhibitory effects of human corneal
keratocyte and conjunctival epithelial cell proliferations. To inhibit the cellular proliferation of human corneal keratocytes
and conjunctival epithelial cells, Systane® may be less severe than Soothe® at higher concentrations and longer exposure
times.

J Korean Ophthalmol Soc 2010;51(12):1643-1651

Key Words: Apoptosis, Human conjunctival epithelial cell, Human corneal keratocytes, Soothe®, Systane®
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