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The Toxicity of Nonsteroidal Anti-inflammatory Eye Drops
against Human Corneal Epithelial Cells in Vitro
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This study investigated the toxicity of commercial non-steroid anti-inflammatory drug
(NSAID) eye solutions against corneal epithelial cells in vitro. The biologic effects of 1/100-,
1/50~, and 1/10-diluted bromfenac sodium, pranoprofen, diclofenac sodium, and the
fluorometholone on corneal epithelial cells were evaluated after 1-, 4-, 12-, and 24-hr of
exposure compared to corneal epithelial cell treated with balanced salt solution as control.
Cellular metabolic activity, cellular damage, and morphology were assessed. Corneal
epithelial cell migration was quantified by the scratch-wound assay. Compared to
bromfenac and pranoprofen, the cellular metabolic activity of diclofenac and

fluorometholone significantly decreased after 12-hr exposure, which was maintained for
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24-hr compared to control. Especially, at 1/10-diluted eye solution for 24-hr exposure, the
LDH titers of fluorometholone and diclofenac sodium markedly increased more than those
of bromfenac and pranoprofen. In diclofenac sodium, the Na* concentration was lower and
amount of preservatives was higher than other NSAIDs eye solutions tested. However, the
K*and CI" concentration, pH, and osmolarity were similar for all NSAIDs eye solutions.
Bromfenac and pranoprofen significantly promoted cell migration, and restored wound gap
after 48-hr exposure, compared with that of diclofenac or fluorometholone. At 1/50-diluted
eye solution for 48-hr exposure, the corneal epithelial cellular morphology of diclofenac and

fluorometholone induced more damage than that of bromfenac or pranoprofen. Overall,
the corneal epithelial cells in bromfenac and pranoprofen NSAID eye solutions are less
damaged compared to those in diclofenac, included fluorometholone as steroid eye solution.
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INTRODUCTION

It is well known that topical steroid has more beneficial effect
both on the subjective and objective clinical parameters com-
pared to the non-steroid anti-inflammatory drugs (NSAIDs) eye
solutions (1-3). Steroids have been the standard of care for the
treatment of postoperative inflammation, but may contribute to
inhibition of corneal wound healing, elevations in intraocular
pressure, cataract formation, and increased risk of infection (1,2).

As topical steroid act as double-edged sword, NSAID eye so-
lutions with less complications and comparable efficacy are re-
placing the needs for topical steroid (4-7). Generally, NSAIDs
inhibit cyclooxygenases and thereby decrease peripheral and
central prostaglandin production (5-10), these properties would
render them ideal for application in case of we are afraid the
undesirable effect of steroid after ocular surgeries. Over the past
decade, the efficacy of NSAIDs has increased dramatically, be-
cause topical eye solutions of NSAIDs are comparable with topi-
cally applied corticosteroids in their ability to control postoper-
ative inflammation.

Although numerous clinical studies have shown that topical
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NSAID eye solutions are well tolerated, many ophthalmologist
are afraid that severe side effects such as impaired corneal sen-
sation, persistent epithelial defects, superficial punctuate kerati-
tis, corneal infiltrations, and corneal melt as previous reports
mentioned (11-13).

Although some studies related with NSAID eye solutions
showed the delayed corneal epithelial healing (13,14), to our
knowledge, there is no report on the direct effect of NSAID eye
solutions on corneal epithelial cell metabolism until now.
Therefore, we investigated the toxicity of commercially avail-
able NSAID eye solutions against corneal epithelial cells com-
pared with that of steroid eye solutions, with special attention
to drug concentration and exposure time.

MATERIALS AND METHODS

Cell culture and preparation

Human corneal epithelial cell primary cultures were obtained
using leftover human donor peripheral corneas after transplan-
tation (15). Under a tissue culture hood, Descemet’s membrane,
the endothelium, and the posterior stroma were removed un-
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der a dissecting microscope using forceps. The anterior cornea
with intact epithelium was covered with 1.2 U/mL of Dispase II
(Boehringer Mannheim, Mannheim, Germany) in calcium-
and magnesium-free phosphate-buffered saline (PBS) and in-
cubated at 37°C in a humidified 5% CO.incubator for 1-hr. The
epithelial cells were subsequently centrifuged at 1,000 revolu-
tions per minute (rpm) for 5 min.

Primary cultures of corneal epithelial cells were prepared in 35-
mm Petri tissue-culture dishes (Corning Incorporated, Corning,
NY, USA), containing Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum, 20 ng/mL
EGE 100 U/mL penicillin, and 100 pg/mg streptomycin (all from
Gibco BRL, Rockville, NY, USA). The cells were incubated at 37°C
under a humidified atmosphere of 95% air and 5% CO.. The cul-
ture medium was changed every 2 or 3 days. Corneal epithelial
cell growth commenced after 4-7 days and reached confluence
within 21-28 days. Subsequently, the cells were enzymatically de-
tached with 0.25% trypsin and 0.002% EDTA (Irvine Scientific,
Santa Ana, CA, USA) at 37°C for 10 min after washing once with
Dulbecco’s PBS (D-PBS) (Gibco BRL, Rockville, NY, USA). The
suspended epithelial cells were centrifuged at 400 rpm for 10 min.
The supernatant was removed and fresh medium was added. The
number of cells in the cell suspension was counted in a hemacy-
tometer and 5 x 10° cells/well were plated in 96-well tissue cul-
ture plates. Second-passage human corneal epithelial cells were
used in all experiments. The cells were incubated in 1 mL of cul-
ture medium at 37°C (5% CO., 95% air) and were allowed to at-
tach to the bottom of the well for 24-hr before 3 different NSAID
eye solutions; diclofenac sodium (Ofenac®, Tajoon Pharmaceuti-
cal Ltd., Seoul, Korea), bromfenac sodium (Bronuck®, Senju
Pharmaceutical Ltd., Osaka, Japan), pranoprofen (Pranoprofen®,
Senju Pharmaceutical Ltd., Osaka, Japan) and the fluorometho-
lone (FML®; Santen Inc., Osaka, Japan) as control were added.
Since the effect of a drug on corneal epithelial cells can be under-
estimated when cells are grown too dense, the cells were cultured
for approximately 4-5 days to ensure 80%-90% confluence.

MTT assay for determining cellular metabolic activity

To determine the proliferation rate of human corneal epithelial
cells, the colorimetric tetrazolium salt 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT; Sigma, St. Louis,
MO, USA) test was performed (11). The MTT assay is based on
the generation of purple formazan from the methyl tetrazolium
salt by the mitochondrial enzymes of viable cells. Cultured cells
were seeded in 96-well culture plates at a concentration of
4 x 10 cells/well and were allowed to form a monolayer within
24-hr. The cells were subsequently exposed to 150 uL. of DMEM
medium containing 1 of the 3 different NSAID eye solutions or
the steroid drug 0.1% fluorometholone for 1-, 4-, 12-, and 24-hr.
After drug exposure, the cells were washed twice with PBS and
were incubated in culture medium for 24-hr, followed by the
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MTT assay. The balanced salt solution-treated group was used
as a control. At the end of the incubation period, the MTT solu-
tion was carefully aspirated, with care taken not to disturb the
purple formazan crystals formed at the bottom of each well.
The formazan reaction product was dissolved by adding 150 uL
dimethyl sulfoxide (Sigma, St. Louis, MO, USA) and the optical
density of each well was measured using an automatic plate
reader (Molecular Devices, Sunnyvale, CA, USA) at a 570- and
690-nm test and reference wavelength, respectively. In each ex-
periment, 8 wells were used for each concentration. This proce-
dure was repeated in triplicate (16).

Cellular metabolic activity was calculated using the means of
the absorption rates at each exposure time and concentration.
Cellular metabolic activity was calculated using the following
formula: cellular metabolic activity (%) = absorption rate of
each well/absorption rate of the control group x 100. Data were
analyzed using Kruskal-Wallis test and were considered statisti-
cally significant at P < 0.05.

Lactate dehydrogenase assay for determining cellular
toxicity

The lactate dehydrogenase (LDH) assay measures leakage of the
cytoplasmic enzyme LDH into the extracellular medium. The
presence of LDH in the cell culture medium represents cell
membrane damage. For this assay, 4 x 10* corneal epithelial
cells/mL were seeded in each well of 96-microtiter plates. Twen-
ty-four hours after cell seeding, cells were exposed to 1 of the 3
different NSAID eye solutions or the fluorometholone. The LDH
titer was assessed at 1-, 4-, 12-, and 24-hr after addition of the
agent. After 24-hr, the supernatant was collected from each well.
The cell monolayer was subsequently treated with a cell lysis so-
lution for 30 min at room temperature and the cells and the ly-
sates were collected. LDH activity was measured in both the su-
pernatant and cell lysate fractions using CytoTox 96, a nonradio-
active cytotoxicity assay kit (Promega, Madison, WI, USA), per
the manufacturer’s instructions. The absorbance was deter-
mined at 490 nm with a 96-well plate enzyme-linked immuno-
sorbent assay (ELISA) reader (Moleculae Devices, Sunnyvale,
CA, USA). LDH activity, which is proportional to color intensity,
was expressed as optical density. This procedure was repeated
in triplicate. The effect of the balanced salt solution-treated
group was used as a control. To evaluate the significance of the
differences in cytotoxicity between the treatments, the data were
analyzed by the Kruskal-Wallis test and were considered statisti-
cally significant at P < 0.05.

Analysis of the electrolyte composition, pH, and
osmolarity of the eye solutions

The composition differences between the NSAID and fluoro-
metholone eye solutions were analyzed using a LX-20 chemis-
try analyzer (Beckman Coulter, Fullerton, CA, USA). The pH
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and the osmolarity of the eye solutions were measured using
the Metrohm 780 (Metrohm, Zofingen, Switzerland) and Mi-
cro-Sample Osmometer (Fiske Associate, Norwood, MA, USA),
respectively. The 3 NSAID eye solutions as well as the fluoro-
metholone eye solution were tested 5 times. Data were reported
as the means + standard deviation of all tests. The Kruskal-Wal-
lis test was used for statistical analysis with P < 0.05 considered
statistically significant.

Scratch-wound assay for determining cellular migration
A scratch-wound assay using human corneal epithelial cells
was used to determine whether NSAIDs or the steroid could
promote wound closure. Human corneal epithelial cells (5 x
10° cells/mL/well), which were grown to confluence in 24-well
plates, were seeded at 500 pL/well in 6-well plates, and were
subsequently incubated in DMEM under a 5% C0O./95% air at-
mosphere at 37°C. The human corneal epithelial cells were
wounded by scratching the surface of the culture layer with a
100-pL pipette tip. The scratched human corneal epithelial cells
were washed with fresh medium to remove detached cells and
the cells were subsequently incubated in the medium in the
presence of the NSAIDs or fluorometholone for 1-, 24-, and 48-
hr under 1/10 diluted eye solution tested. Cell migration was
measured using an inverted phase-contrast light microscope.
The balanced salt solution-treated group was used as a control.
To ensure that wounds of a similar-size area were compared,
multiple positioning marks were made at the center of the de-
nuded surface with a small needle. Eighteen hours after wound-
ing, the monolayers were fixed and stained, and the migrated
cells’ edges were imaged. The size of wound gapping was mea-
sured by ROI manager tool in Image J software (US National In-
stitutes of Health, Bethesda, MD, USA). To have better recogni-
tion by ROI manager, corneal image was preprocessed with
versatile magic wand tool in Image J to enhance the contrast
between acellular gap zone. After preprocessing, acellular area
was automatically selected by ROI manager and the number of
pixels in selected area was calculated. This procedure was per-
formed 10 times for the statistical analysis. The Mann-Whitney
U-test was used for statistical analysis with P < 0.05 considered
statistically significant.

Cellular morphology analysis using transmission electron
microscopy

Changes in cellular morphology were investigated using trans-
mission electron microscopy (TEM, JEOL 1200EX; Jeol Ltd., To-
kyo, Japan) by a well-trained technician. Cells (5 x 10° cells/mL/
well) were grown to confluence in 24-well plates, were seeded at
500 pL/well in 6-well plates, and were subsequently incubated
in DMEM under a 5% CO./95% air atmosphere at 37°C. After ex-
posure to the 3 different NSAIDs and fluorometholone for 12-
and 24-hr under 1/50 diluted eye solution tested, the cells were

1858  http://jkms.org

incubated at 37°C for another 24-hr after being rinsed with D-
PBS. The cells were fixed with 2% glutaraldehyde in 0.1 M of
phosphate buffer (pH 7.4) for 12-hr and post-fixed with 0.1% os-
mium tetroxide for 2-hr. After rinsing with 0.1 M of phosphate
buffer, the fixed cells were embedded in an Epon® 812 mixture
(SPI Supplies/Structure Probe, West Chester, PA, USA) and ul-
trathin sections were cut, which were stained with uranyl acetate
and lead citrate, and examined by TEM.

Ethics statements

The study protocol was approved by the institutional review
board (IRB) of Pusan National University Hospital (IRB No.
E-2015067). Informed consent was waived by the IRB. All study
conduct adhered to the tenets of the Declaration of Helsinki.

RESULTS

Cellular metabolic activity

The MTT values among the NSAID eye solutions and the con-
trol at 1-hr of exposure were not significantly different. Howev-
er, they insignificantly decreased with concentration and after
4-hr of exposure time. Especially, the cellular metabolic activity
of diclofenac sodium or fluorometholone markedly decreased
after 1/10-diluted eye solution for 12-hr of exposure compared
to control (P = 0.037, P = 0.021), and was significantly maintain-
ed for 24-hr (P = 0.032, P = 0.018), compared with those of brom-
fenac sodium and pranoprofen (Fig. 1). However, there were
not statistically significant difference of MTT value between di-
clofenac sodium and fluorometholone after 12-hr and 24-hr
exposure, respectively (P = 0.86, P = 0.72).

Cytotoxicity

Exposure to 1/100- and 1/50-diluted eye drops did not signifi-
cantly affect the LDH titer at all exposure times measured com-
pared to human corneal epithelial cell treated with BSS. Espe-
cially, the LDH ftiters at 1/10-diluted fluorometholone and di-
clofenac significantly increased after 12-hr exposure rather than
other two NSAIDs (P = 0.029, P = 0.039). The LDH titers of di-
clofenac sodium markedly increased after up to 24-hr of expo-
sure (P = 0.041), but that of fluorometholone was the highest
among eye solutions tested (P = 0.024) (Fig. 2).

Electrolyte composition, pH, and osmolarity of the eye
drop solutions

The preservative tested in the three NSAID and fluorometho-
lone was 0.5% chlorbutanol in diclofenac sodium and 0.005%
benzalkonium chloride (BAC) in the other 3 solutions. The Na*
concentration in diclofenac sodium was 9 mM/kg, lower than
that of bromfenac sodium and pranoprofen. The concentration
of CI' and K* was similar in all eye drop solutions. The pH and
osmolarity of diclofenac sodium, bromfenac sodium, and prano-
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Fig. 1. The absorption rate of water-insoluble formazan in corneal epithelial cells as measured by scanning spectrometry. The cellular metabolic activity of diclofenac sodium or
fluorometholone markedly decreased after 1/10-diluted eye solution for 12-hr of exposure compared to control (P = 0.037, P = 0.021), and was significantly maintained for
24-hr (P=0.032, P=0.018), compared with those of bromfenac sodium and pranoprofen (by Kruskal-Wallis test, statistically significant at P < 0.05).
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Fig. 2. Lactate dehydrogenase (LDH) titers of cultured corneal epithelial cells by NSAIDs. Especially, the LDH titers at 1/10-diluted fluorometholone and diclofenac significantly
increased after 12-hr exposure (P = 0.029, P = 0.039) and 24-hr exposure compared to control (P = 0.024, P = 0.041) rather than other two NSAIDs, respectively (by Krus-
kal-Wallis test, statistically significant at P < 0.05).
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profen was 7.0, 8.0, and 7.7 and 301, 300, and 309 mOsm/kg, re-
spectively (Table 1).

Cellular migration

Using phase-contrast microscopy, human corneal epithelial
cells treated with BSS were found to be densely distributed
throughout the culture media with time. No treated cellular mi-
gration of control more migrated and covered to the wound gap

Table 1. Comparison of the contents of the 4 anti-inflammatory eye drop solutions
used

Eye drop solutions

Parameters

Bronuck® Ofenac® Pranoprofen®  FML®
Na* (mM/kg) 101.0 86.5 98.8 164
K* (mM/kg) 2.3 2.2 2.3 4.0
Cl" (mM/kg) 5.6 49 4.4 121
pH 8.0 7.0 7.7 7.1
Osmolarity (mOsm/kg) 300 301 309 315

Preservatives, % BAC, 0.005 Chlorobutanol, 0.5 BAC, 0.005 BAC, 0.005

BAC, benzalkonium chloride.

region to 48-hr. With time, the diclofenac and fluorometho-
lone-exposed cells did not migrate to the wound region com-
pared with bromfenac and pranoprofen-treated cells. After
1/10 diluted eye solution for 48-hr exposure, the cell migration
of diclofenac and fluorometholone significantly inhibited com-
pared with that of control, respectively (P = 0.001, P = 0.002)
(Fig. 3, Table 2). Compared with diclofenac and fluorometho-
lone-treated cells, but there was no difference between control
and two NSAIDs such as bromfenac and pranoprofen (P = 0.328,
P =0.486) (Fig. 3, Table 2).

Cellular morphology

The cellular morphology of control corneal epithelial cells was
not changed, although loss of microvilli was seen in some cells.
All 1/50-diluted NSAID eye solutions and the fluorometholone
eye solution induced the cytoplasmic and nuclear changes of
the corneal epithelial cells after 24-hr of exposure, such as loss
of microvilli, a dilated rough endoplasmic reticulum, enlarged
mitochondria, a disrupted cytoplasmic membrane, and nucle-

Fig. 3. Scratch-wound assay after control (A), fluorometholone (B), pranoprofen (C), bromfenac (D), or diclofenac (E) exposure. Migration was assessed after a 1- (1), 24- (2),
and 48- (3) hr exposure to A1-A3, B1-B3, C1-C3, D1-D3, or E1-E3. With time, the diclofenac and fluorometholone-exposed cells did not migrate to the wound region com-
pared to bromfenac and pranoprofen-treated cells. After 1/10 diluted eye solution for 48-hr exposure, the cell migration of diclofenac and fluorometholone significantly inhibited

compared with that of control.
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Table 2. Comparison of the cell migration assay by all NSAIDs eye drop solutions tested

Eye drop solutions

Exposed time Control Ofenac® Pranoprofen® Bronuck® FML®
1hr Acellular Zone (number of pixels) 5,436 + 158 6,369 + 129 6,457 £ 157 5,141 £ 151 5,879 £ 140
Pvalue 0.833 0.986 0.746
24 hr  Acellular Zone (number of pixels) 2,682 £ 149 4,951 £ 136 1,786 £+ 104 2,188 £ 145 4,342 £ 139
Pvalue 0.774 0.052 0.955 0.54
48 hr Acellular Zone (number of pixels) 453 + 139 12,949 + 144 674 + 136 721 £ 111 3,427 + 151
Pvalue <0.001* 0.486 0.328 0.002*

Acellular zone: values are mean =+ standard deviation. P value by Mann-Whitney U-test between control and medication group. *Significant value.

ar condensation (Fig. 4). At 48-hr exposure to 1/50-diluted di-
clofenac sodium or fluorometholone, there was more severe
cellular morphology of corneal epithelial cell rather than those
of bromofenac sodium or pranoprofen. Especially, certain
types of nuclear change, such as nuclear marginal condensa-
tion, were observed after 48-hr exposure to 1/50 diluted fluoro-
metholone (Fig. 5).

DISCUSSION

The metabolic activity of cultured human corneal epithelial
cells decreased after 4-hr of exposure to each drug evaluated in
this study. While there was no significant difference between
the two drugs, diclofenac sodium and fluorometholone signifi-
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Fig. 4. Corneal epithelial cell transmission electron
micrographs after 24-hr exposure to all NSAIDs and
control. (A) Diclofenac. (B) Bromfenac. (C) Pranopro-
fen. (D) Fluorometholone. (E) Control. At 24-hr expo-
sure to 1/50-diluted diclofenac sodium or fluorometh-
olone compared with control, there was more severe
cellular morphology of corneal epithelial cell such as
microvilli disruption, vacuole formation, plasma mem-
brane, and nuclear changes compared with those of
bromofenac sodium or pranoprofen.

cantly decreased the cellular metabolic activity, with the effect
remaining after 24-hr exposure.

The cellular toxicity observed against cultured human corne-
al epithelial cells after exposure to each drug in this study in-
creased in response to increase in the drug concentration or
the exposure time. Fluorometholone exposure caused signifi-
cantly higher cytotoxicity compared with that observed for the
3 NSAID eye solutions used in this study. While diclofenac so-
dium showed the highest cytotoxicity after 12- and 24-hr expo-
sure compared to the other NSAID eye solutions, fluorometho-
lone’s cytotoxicity after 24-hr exposure was significantly higher
than that of diclofenac sodium. The 1/10-diluted solution of all
the eye drops tested had differential effects on cellular meta-
bolic activity and cellular toxicity after 12-hr exposure.
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By 1/10-diluted solution of all eye drops tested, cell migration
was significantly inhibited by diclofenac sodium and fluorome-
tholone compared with that observed for the other NSAID eye
solutions, especially 48 hr later. The untreated cells (control group)
migrated and covered the wound gap region more than bromf-
enac- and pranoprofen-treated cells; however, there was no sig-
nificant difference between the control and the two NSAIDs.

We evaluated the cellular morphology treated with all eye
drops by TEM. The concentration of 1/50 diluted eye solution
tested was used, because 1/10 diluted solution of all eye drops
induced severe cellular damage enough not to differentiate the
morphological cellular change by same concentration of eye so-
lution tested. By TEM, we found that the prominent cellular
damage including a dilated rough endoplasmic reticulum, en-
larged mitochondria, microvilli loss, and cytoplasmic vacuole
formation was observed after 48-hr of exposure to diclofenac
sodium and fluorometholone. Especially, fluorometholone in-
duced more severe cytoplasmic membrane disruption and nu-
clear damage compared to the cellular damage by diclofenac
sodium.

Experimental and clinical studies have shown that the long-
term use of topical drugs may induce ocular discomfort, tear
film instability, conjunctiva inflammation, subconjunctival fi-
brosis, epithelial apoptosis, and corneal surface impairment
(17). The mechanisms underlying ocular surface damage in-
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Fig. 5. Corneal epithelial cell transmission electron
micrographs after 48-hr exposure to all NSAIDs and
control. (A) Diclofenac. (B) Bromfenac. (C) Pranopro-
fen. (D) Fluorometholone. (E) Control. At 48-hr expo-
sure to 1/50-diluted diclofenac sodium or fluorometh-
olone compared with control, there was more severe
cellular morphology of corneal epithelial cell rather
than those of bromofenac sodium or pranoprofen.

clude abnormalities in electrolyte composition, pH, osmolarity,
and the preservatives used in ophthalmic solutions. The corne-
al epithelium is avascular tissue, which derives its electrolytes
and oxygen from the tear film. Electrolyte balance of the tear
film is, therefore, crucial for biological function. For this reason,
unless the eye drop solution has an electrolyte balance that
precisely matches that of the human tear film, damage might
be caused to the corneal epithelial cells. Eye drop solutions in-
clude electrolytes such as Na*, Cl', K*, and Ca*. Na* and CI are
important ions that are related to cell membrane permeability
and their optimal concentration in the extracellular matrix is
142-152.7 mEq/L and 104.0-117.4 mEq/L, respectively (18). The
marked corneal epithelial cytotoxicity induced by diclofenac
sodium as observed in the current study might be related to the
eye drop solution’s low Na* concentration that alters cell mem-
brane permeability. Indeed, Lee and Oum (19) showed that low
Na* and CI' concentrations caused keratocyte toxicity second-
ary to changes in cell membrane permeability.

Artificial tears are used as a control group in these types of
studies to assess cellular toxicity of eye drops; however, we eval-
uated the cytotoxicity of steroid and non-steroid eye solutions
to corneal cells. Since steroid eye drops are frequently used in
eye clinics, their toxic effects on cells or their side effects are
known. Hence, we focused on the toxicity of or cellular mor-
phological alterations induced by fluorometholone as well as
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NSAID eye solutions, and found that cellular toxic effects of
commercially available NSAID eye drops differed from those of
steroid eye drops. Further studies with these anti-inflammatory
eye drops containing same concentrations of electrolytes and
preservatives might be required to confirm the cellular toxicity
of these two types of anti-inflammatory eye drops.

The preservatives used in eye solutions can also cause ocular
surface toxicity. Currently, BAC is the most commonly used
preservative in eye solutions. Several studies have reported on
the corneal and conjunctival toxicity caused by BAC, including
cell loss, disruption of tight junctions, apoptosis and preapop-
tosis, cytoskeleton changes, and immuno-inflammatory re-
sponses (20,21). Diclofenac sodium contains chlorobutanol
0.5%, a higher preservative concentration than that present in
the other NSAIDs containing 0.005% BAC. Furthermore, 0.5%
chlorobutanol is known to induce cytotoxicity to a degree simi-
lar to that observed for 0.01% BAC (22). This also explains the
higher toxicity of diclofenac sodium against corneal epithelial
cells. Fluorometholone induced the most severe cell damage
than that induced by bromfenac sodium and pranoprofen. Al-
though these 3 eye solutions contain the same amount of pre-
servative, i.e., 0.005% BAC, fluorometholone is a steroid that
not only inhibits the cyclooxygenase but also the lipoxygenase
pathway, which presumably could result in the induction of se-
vere cellular damage (6). In addition, high concentrations of di-
clofenac sodium have been shown to inhibit the lipoxygenase
pathway (23), which might also explain the increased cell dam-
age caused by diclofenac sodium in the current study.

The results of this study agree with previous reports on the
toxicity of diclofenac sodium (7,8,24-28). Overall, the toxicity of
the diclofenac sodium eye solution might be resulted from the
following 3 underlying mechanisms: 1) the lower Na* concen-
tration, 2) the higher amount of preservatives, and 3) the block-
age of the lipoxygenase pathway at high concentrations (22,23).
Our study revealed diclofenac sodium has lower Na* concen-
tration and higher amount of preservatives rather than other
NSAIDs. Owing to these disadvantages or mechanisms of di-
clofenac, clinicians do not usually prefer diclofenac for treat-
ment of corneal inflammation. As contrasted with diclofenac
sodium, the commercially available Bronuck® and Pranopro-
fen® NSAID eye solutions investigated in this study showed fa-
vorable outcomes regarding the cytotoxicity against corneal ep-
ithelial cells compared with that of diclofenac sodium or fluo-
rometholone eye solution.

Overall, commercially available, recently developed Bronuck®
and Pranoprofen® have less corneal epithelial toxicity compared
to the fluorometholone eye solution. Thus, more indications of
NSAID eye solutions are required in patients with specific in-
flammatory ocular conditions that cannot be treated with ste-
roid eye solutions.
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