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Long-Term Effect of Preservative-Free Sodium Hyaluronate Eye Drop on
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Purpose: To investigate the biological effects of preservative-free artificial tear drops on cultured human corneal epithelial cells
in vitro.

Methods: The effects of the preservative-free artificial tear drops (Kynex® 0.1%, Kynex I1® 0.18% [Alcon, Seoul, Korea] and
Hyaluni eye drops® 0.15%, 0.3% [Taejun, Seoul, Korea]) on the human corneal epithelial cells were evaluated. An methyl thia-
zolyl tetrazolium (MTT)-based colorimetric assay was performed to assess the cellular metabolic activity and a lactate de-
hydrogenase (LDH) leakage assay was used to determine cellular toxicity. The eye drop ingredients were analyzed for electro-
lyte composition, pH, and osmolarity. We performed a scratch assay and cellular morphology test using electronic microscopy.
Results: The metabolic activity of corneal epithelial cells was higher than controls at 24 hours after exposure and then decreased
at 48 and 72 hours after exposure (p < 0.05). The LDH titers of the 4 eye drops were higher compared with controls (p < 0.05).
Sodium hyaluronate 0.18% contained lower concentrations of Na*or CI" and showed lower osmolarity values compared with the
other eye drops. The cellular migration based on the scratch assay was more delayed and cellular damage such as loss of micro-
villi, rough endothelial reticulum (RER), and mitochondria dilatation was greater than controls based on electron microscopy.
Conclusions: Long-term exposure to preservative-free sodium hyaluronate eye drops may induce decreased metabolic activity
and cellular damage. Thus, preservative-free artificial tears should be used carefully to prevent cellular toxicity.
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0]8-3}o] endothelium-free explant methodE ©]-83}o] A
juofe AlEtAc) Zupatulel AL Ca®, Mgt &
GE]A] ¢ 1 unit/mL Dispase Il (Boehringer, Mannheim,
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buffered saline (D-PBS; Giboco BRL, Rockville, MD,
USA)O.R 13] AlHT 3 S0%2 SJAAITL FuA) A1F
ol 47}%) 9 20 & DMEMZ 244|7k, 484]7F, 724]
7k etz Al Ee} HEAZ] & ThA| D-PBSE 18]
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24, T2ANZF =ZA)7]1 & ThA] D-PBSE 13] A8}l ur-
anyl acetate®} lead citrate= o|5 FAMA|AH EIAREH0]
Z(JEOL 1200EX, JEOL, Tokyo, Japan) .= A|3E2] 0]A|
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7 Ae 52 39 whaste] AlsklaL, ofAl 7t
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MTT 2AHS AIRSH MZO| tHAtsE Hlm

OFA| =5 24AI7H 47FA] OFA] Tt seof wE MTT 2
A Golg Aol AR IgkTH(p=005). et
Sodium Hyaluronate 0.1%, Sodium Hyaluronate 0.15%,
Sodium Hyaluronate 0.3%7} tZof HIgF] =2 MTT
A2 E HQl HWHH Sodium Hyaluronate 0.18%+« ThA W
< MTT ZAZA|7}F 2= IThp>0.05).

OFA| e 48AITHA Y] oAl T iRt Hlske] W
MIT Z3A]E H 42 H(p>0.05), €3], Sodium Hyaluronate
0.18%°f A W2 AsZthAbE o] Uebgal(p<0.05), 4714 °F
Al ZF Foleh Aol IEEA] UTHp>0.05). oFA|I=E
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Figure 1. The absorption rate of the water insoluble formazan
dye in corneal epithelial cell exposed in four presevetive-free
sodium hyaluronate artificial tear drops-Kynex®, Hyaluni®
0.15%, Kynex 1I®, Hyaluni® 0.3%, and control is Dulbecco
Modified Eagle Medium (DMEM)-by scanning spectrometer
(ELISA reader). There were significantly differences between
control and eye drops at 48 hours and 72 hours after exposure.
hr = hours. p < 0.05.
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FAAE F Na = Sodium Hyaluronate 0.15%7} 155.7

Q¢3! Sodium Hyaluronate 0.18%+= 59.9
mEq/LE 7P woftl. K'= Sodium Hyaluronate 0.1%,
Sodium Hyaluronate 0.18%, Sodium Hyaluronate 0.3%%{ 4]
7}7+ 1638 mEq/L, 17.21 mEq/L, 15.43 mEq/L& SAFaHS
S 1} Sodium Hyaluronate 0.15%+= 0.27 mEq/LZ 713 &
¢ttt Cl':= Sodium Hyaluronate 0.1%, Sodium Hyaluronate
0.15%, Sodium Hyaluronate 0.3%°1|4] Z}Z} 133.6 mEq/L, 156.3

mEg/L, 1319 mBg/LZ Z2A%124;, Sodium Hyaluronate
0.18%= 549 mEq/LE 7P Woith pHE= Y o4 2%

o) 2to] H]slo] oA Wl o™ Sodium Hyaluronate
0.1%, Sodium Hyaluronate 0.3%°f|4 £3] ¢ &2 AMS

BTk AR

Sodium Hyaluronate 0.1%, Sodium
Hyaluronate 0.15%, Sodium Hyaluronate 0.3%+ t)Z+-3}+
B3 AL SARES O Y, Sodium Hyaluronate 0.18%+=

144 mosm/kg© 2 AAEQS X Fth(Table 1).
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Figure 2. Mean LDH titer of cultured corneal epithelial cell
exposured four preservative free hyalunate eye drops-Kynex®,
Hyaluni eye drops® 0.15%, Kynex 1I®, Hyaluni eye drops®
0.3% and DMEM. There were significantly differences be-
tween control and eye drops all the times. LDH = lactate de-
hydrogenase; DMEM = Dulbecco Modified Eagle Medium;
hr = hours.
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Table 1. The ingredient, electrolyte composition, pH and osmolarity of the three commercial preservative-free artificial tear

Eye drops Na® (mEq/L) K" (mEq/L) CI' (mEq/L) pH Osmolarity (mosm/kg)
Kynex® 129.4 16.38 133.6 5.5 284
Hyaluni® 0.15% 155.7 0.27 156.3 6.5 301
Kynex I1® 59.9 17.21 54.9 7.0 144
Hyaluni® 0.3% 133.6 15.43 131.9 55 284
Tear 120-170 520 100-140 5.0-8.35 305
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Figure 3. Scratch assay of corneal epithelial cells after exposure to (A) DMEM as control, (B) Kynex®, (C) Hyaluni® 0.15%,
(D) Kynex 1I®, and (E) Hyaluni® 0.3%. Row 1 are result immediately after exposure, Row 2 are after 24 hours, Row 3 are after
48 hours, Row 4 are after 72 hours. The wound closure after exposure of sodium hyaluronate artificial tear were less prominent than
control all the time. DMEM = Dulbecco Modified Eagle Medium.
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Figure 4. Transmission electron micrographs of corneal epithelial cells (X 8,000). First line were appeared after 24-hours exposure
and second lines were after 72-hours exposure to (A) control (DMEM), (B) Kynex®, (C) hyaluni eye drops®0.15%, (D) Kynex II®,
(E) hyaluni eye drops 0.3%. DMEM = Dulbecco Modified Eagle Medium.
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