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Comparison of the Toxicity of Olopatadine Anti-allergic Ophthalmic Agents on
Rabbit Conjunctival Cells
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Purpose: To compare the in vitro toxicity of commercial olopatadine anti-allergic ophthalmic agents on cultured rabbit’'s con-
junctival cells according to concentrations and exposure times.

Methods: Rabbit conjunctival cells were exposed to anti-allergic olopatadine ophthalmic agents, (Patanol® [0.1% olopatadine
hydrochloride; Alcon, Fort Worth, TX, USA], Pataday® [0.2% olopatadine hydrochloride; Alcon], and Pazeo® [0.7% olopatadine
hydrochloride; Alcon]) at concentrations of 5%, 10%, and 15% for periods of 30 minutes, 1, 2, 3, and 6 hours, respectively. Cell
proliferation and injury assays were performed using the methylthiazoltetrazolium and lactate dehydrogenase (LDH) leakage
assays. We checked the composition of the three anti-allergic agents, and performed light and transmission electron microscopy
to compare the morphological changes in cells.

Results: The conjunctival cell proliferation was inhibited after 1 hour exposure to each olopatadine ophthalmic agent, with sig-
nificant cell proliferation inhibited using 15% of each drug. The proliferation of conjunctival cells was inhibited during 6 hours of
drug exposure at all concentrations of Pataday® and Pazeo®. The titer of LDH increased from 3 hours after drug exposure, but
15% Pazeo® significantly increased the LDH titer at 2 hours after drug exposure. As the concentration of the drug increased, the
LDH titer also significantly increased. The cellular morphological changes of conjunctival cells were in the increasing order of
Pazeo®, Pataday®, and Patanol® with a high concentration of olopatadine hydrochloride.

Conclusions: Among the anti-allergic olopatidine ophthalmic agents, higher olopatadine concentrations in the increasing order
of Pazeo®, Pataday®, and Patanol® resulted in cytoplasmic damage of conjunctival cells, but there was no severe damage to the
cytoplasmic or the nuclear membranes.
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7Ho@ sl £ ¥ HFsk= Patanol® (olopatadine hydro-
chloride 0.1%; Alcon, Fort Worth, TX, USA)o] *29°
SAEYU 2ol so] T v Hehuris o o
o] Hoto @ gty 27] FIME U= Pataday” (olopatadme
hydrochloride 0.2%; Alcon)7} Aol F7F2 AREEHA,
Z| 2ol =] ane] F7-2 $18iAl olopatadine &
7} "2 =2 Pazeo” (olopatadine hydrochloride 0.7%;
Alcon)7} ZA|E]o] 3}of 3t ¥ ko= Qo] AME-H
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352 9] 3] (Institutional Animal Care
Use Committee) %Q(IACUC No: 2019-154)3}0] E7]|9]
ALz A8 2 F|5}o] transfer mediaol] Hol AgAz 271
%25 em’ flaskof] MiFAIZITE AU ZE 2 x 2 mm9] 2
B F Aol Qo] Al o= ek
A(Gibco, Rockville,
MD, USA)Z #7}3F Dulbecco‘s minimal essential medium
(DMEM; Gibeo) S ARS8, oS $i3l 50 pg/mL
gentamicin, 2 pg/mL fungizone-S 715} 37°C &&=
A 5% CO; - 95% air2] H5-7|(NAPCO model 5100; Napco
Industries, Minneapolis, MN, USA)oj|A] Autq|ZE 347+
ufjoFslgick wljoF 291 22Z]oj|A] Dulbecco's Phosphate-Bufferd
Saline (D-PBS; Cat. 21600-051; Gibco)= 13] A|&3t &
0.25% trypsin - 0.02% Ethylenediaminetetraacetic acid&
Aejsto] Ao REEH HAUA|EZE &
ter2 N3 5 Z33F T 96 well plateo]] 4 x 10° cells/mL

7% AuzAg AA T

=), iAo 2= 10% $otA] &

&}al, Coulter coun-

o : SRMEITO| ZLH =0l OjXl= HE-

7} E= 2 wjx]2] oFS 200 pLAE A 37°C, 5% CO; -
95% air®] H-57]ol| A vjeFetoiTt. ojuf A2k 47} U F W@
of URe Aol Al digh FdH 27| A mxt
7} mjolEk 4= Qlom g Hijz|oA AEEEo0] 80-90% HE
e S I D =

MTT 2AHS ALZS MZo AL E8E £H

N3O tiAsEE =24517] 93 MTT solution (3-[4,5-
Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, Sigma,
St. Louis, MO, USA)S ©o]-&3F BEAHS ARSI =|, =
A 9] tetrazolium salt7} A U] n|EZ=2]o} G40 9
3l A9 formazan SHHEE BHE HEE o83k Ao
2, AESIL Q= AlE & ARl R AZE &
=2 o] gsjH ZHst= dolct”

Subconfluence®]] =&3t 29t A3ZE D-PBSZ 13] A3
Sk & 7} L 27 ofAIE AA w1 5%, 10%, 15%7}
=8 7Fske] 3042, 1AIZE 2A1%E, 3AIZE, 6A17F 5t A
FAZ 5 thA] D-PBSE 13] A|A3L th5 wijA & dol
AUtk oF= A 5 24A7F A= Al ufokrlof Fof i
gk O3 MTT 249H& AAsHT 9FA19] 85-& vast
7] 9l dfzoRs wA) A ofR A2l Al gre
Ao 5h97, DMEM WA\ ALgako] 4p7]ot Bt
Moz AR westol AEAES St

Ao T35 24317] 93f 5 mg?] MTT solution2
PBS 1 mLof| %91 & 0.2 uL syringe filter2 AZ th3
DMEM o2 108 5J45t0] ALgaheich. AF2e] ujoyel
2 140 pL A% AA3E & MTT solutiong 100 uL A7}35}
o] Ad2n)E TUR plateS 7} 3 37°Col|lA] 447t HE-S-
AlA. ©A] AAEAS 110 uL AA3$H 3 Dimethyl sulf-
oxide (DMSO; Cat. D-5869; Sigma)E 100 pL gof Al-20f
A 2087 E£50] &39FA]7]2L ELISA reader (Moleculae
Devices, Sunnyvale, CA, USA)Z 570 nmoj|A] SF=E =
Hoteleh. olelet HHSS 33 whEsl] 2 5wl wi
A7PaE HHE SHES BEs Tl 7t Alme] A
% TS, AL BERE 7 0] FHE £ 1

A& e HES S, Ao AEs
(%) = 7} 749] F8%=/ EHZELZ’_}Q 8% x 10022 ‘%E}

of

[e)
o] AT o= Hlust Sﬁﬁl(student S I-test, p<0 05) 10

oMol &= Y L E A7t E LDH EAY

LDH BAWS Alzute] gAaroz ols) Az &
%73l lactate dehydrogenaseS &4l Wyoz, AL 7))
o) Mlzete &4 A5 dREete] 4 4 Stk 37t
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9] Xdiﬂ—"ﬂ % 200 pLoJAf ZH2F 5%, 10%, 15% §=7F ==

% e 3 AR 22 308, 141k 24075 3L 6]
7k 5ok WEAZTh oFRo] g 5 AEe]N fos
LDH %& 37°C 2x9 < ArejoflA] ELISA reader

SRS LB ECTEES
& JM(balanced salt solution)S *2|5l%] 490 nm2] =}
oAl Z4zkel ws 5745t s ARt WE 5=
2ol & Hlwslgich BE ARy g2t 242 10719
wloel 2SS dios A4S siglon, B LDH
A AEsto] xR FASA WS shack
FOJFL 95% 450|313, analysis of variance FHAPHS

Apgaiict.

(Moleculae Devices)=S

AHel s A =& AlZHf| HE M|zZo

Al 7R 2T okAlel 10% BEold 347 s
Ale] Aze] Hesel WMake Bakss] SlaiAl el
AU EE 217} 5 x 10° cell/mL7} w2 REA7] oo
6 well plateo]] 500 pL A seedingdt & 37C, 5% CO; -
95% airQ] vjek7|of|A wjstsich Subconﬂuenceoﬂ L=y
3t AEE 3744 eble] fe} Ao
& u] 7 (inverted phase contrast light microscope) 2. & Af|3E
o geje Bt o}t Autire] vyTag
257 A HAS AAG T AEES 0.IM sodium
cacodylate buffer2 A3 oF 2A]7F 52t Karnosky fixative
(2% paraformaldehyde, 2.5% glutaraldehyde, 0.1M sodium
cacodylate buffer)o]] LAAIZ]

SJEfSH bl

27 BENZ 5

% 0.1M sodium cacodylate

stg|x| 2019 x| 60 H A 12 -

buffer= 33]of] A4 A|Ast & A|ZE osmium tetroxideo]|
Al'Y ethanol NS 7 B3l & EponO = 3E
o3}k 60-80 nmo] HH-& Y31 uranyl acetate®?} lead
citrate2 o] HMA| A EFAA}A 0] ZFJEOL, 1200 EX;
JEOL, Tokyo, Japan) O & A|Zo] nA|1L2E aksglct "

IAN 7|

oFE 7t e HE Hlw

Al 7FA] AekA| o] B4 oFA o] A2l M =4,
PH, A9 W MEAS 42 2Apste] ok 7he] Aol
Slstelth Heleke sample beo] T& A 24
S LX-20 (Beckman coulter, Brea, CA, USA), AF591S

Micro sample Osmometer (Fiske Associates, Uxbridge, MA,
USA) o]-g-3}o] 245191 01, pHi= Metrohn 780 (Metrohn,
ARgBHSTE.

Herisau, Switzerland)-&

& ot
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Patanol® (0.1% olopatadine)-2-
1.11 mg/mL7} Z3FE]o] )0, Pataday” (0.2% olopatadine)
L 222 mg/mL, Pazeo” (0.7% olopatadine):= 7.76 mg/mL
7} 24152 9t} Patanol®¥} Pataday” OFA|l= T Na',
K', CI'g 3-3la 9ou Pazeo™ = Ao 527t 27
2] ok Al 7HA] oFAI9) pHE 7.1-728 $4& UE
o BEAZ Benzalkonium chloride”} 0.1 mg/mL=
FL5HA Ele] AT AFEE Patanol” 302 mosmke,
Pataday® 300 mosm/kg, Pazeo® 300 mosm/kg= A 7okl

olopatanol hydrochloride

Table 1. The ingredient, electrolyte composition, pH, osmolality and preservatives of the three olopatadine agents

Anti-allergic Chief ingredient

Osmolality Preservatives

+ + - e
agents (mg/mL) Na K c pH (mosm/kg)  (mg/mL) Additives
Patanol Olopatadine 1727 035 1006 7.2 302 BACO0.1  Sodium hydrogen phosphate
hydrochloride (1.11) Hydrochloric acid
Sodium hydroxide
Pataday® Olopatadine 1784 032 1084 7.1 300 BACO0.1 Disodium edetate
hydrochloride (2.22) Povidone
Sodium phosphate
Sodium hydroxide
Hydrochloric acid
Pazeo Olopatadine (-) (-) (-) 7.2 300 BACO0.1 Hydroxypropyl-gamma-cyclodextrin
hydrochloride (7.76) Povidone
Polyethylene glycol
Hypromellose
Mannitol
Boric acid
Sodium hydroxide

Hydrochloric acid

BAC = Benzalkonium chloride.
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MTT 248

A1 A3} Patanol” 5%0]A] Y& 305014] 86.8%, 14]
Zroll Al 80.8%, 2A17Fl| A 73.3%, 3A17FOA] 69.3%, 647t
of| Al 68.3%%3.2.1, Patanol® 10%0)4 AAELL 3050fA]
85.9%, 1A17 ol A 76.1%, 2A17H A 69.2%, 3A]7+o)A]
63.0%, 6A7FA] 15.6%%) 11, Patanol® 15%0]|A] AJ=8-2
3050]| 4] 78.1%, 1Al A 70.7%, 2A17 ol A 56.6%, 34]
Zroll A 35.1%, 6A17tOIA 6.9%%ch.

Pataday” 5%°l|14] 282 308004 87.2%, 1X|7to]A
83.3%, 2A17HNA 79.9%, 3AIZFA 72.0%, 6A]7FA]
57.5%9% 0, Pataday” 10%0]| 4] ABEL-2 30204 78.8%,
1AIZF| A 73.1%, 2417kl A 70.7%, 3AIZFO)A] 55.5%, 6A]
Zroll Al 9.5%%1 11, Pataday” 15%0l|A] AJEE-S 3050)A]
71.0%, 1AIZFOA] 64.8%, 2A|1Z oA 45.4%, 3A|7kol|A]
20.2%, 6A17FA] 6.8%%Ich.

30 minutes

Con A5% B5% C5% A10% B 10% C 10% A15% B 15% C 15%
2 hours
. .
Con A5% B5% C5% A10% B 10% C 10% A15% B 15% C 15%
6 hours

Con A5% B5% C5%

A10% B 10% C 10% A15% B 15% C 15%

Pazeo” 5%O|A LSS 30HoA 92.2%, 14|7tol|A
90.9%, 2A17FI A 79.7%, 3AZFOIAl 76.0%, 64]7FO]A]
257%™, Pazeo” 10%0) 4] AZLL 3024 76.6%,
1A 7ol A 67.4%, 2A17 o Al 41.3%, 3A1ZEA] 19.3%, 64
ZVOlA 6.6%%T1, Pazeo® 15%0l4 WELL 3050]A
66.2%, 1A|7 o)A 45.2%, 2A17 oAl 14.5%, 3A| 7o) A
7.3%, 6A|17Fo| A 5.7%% Tt

Al 7FA] oFAlol| ZtzF wZElo] wijFE AubA oA =
HE T IARRE AL F4 JA7F EA5H TRy
IKFig. 1). Patanol®9] 7S 3AZFA7IA] A|EZ4] 9|
37} iou, 15% SEol A 3XARE AT A
EZ2]9] A7} THEATHP<0.05). Pataday” o] 7=
10% =oAL oFA =2 3AZARE A2 A7 &
A WERETL(p<0.05), 15% SEoll A= 24 7H85E &
A5 A|2] Z4] Aol Lehgth Pazeo”d] 9=
2 T 15% FEoAE IXNHRE AT A F4] o
Aglo] UEREI(p<0.05), 10% =0 A= 24 7b4 5 e &

1 hour

Con A5% B5% C5% A10% B 10% C 10% A15% B 15% C 15%

3 hours

Con A5% B5% C5% A10% B 10% C 10% A15% B 15% C 15%

=Control
=Patanol®
=Pataday®

=Pazeo®

Figure 1. Metabolic activities of rabbit's epithelial cells as determined by Methylthiazoltetrazolium assay after 30 minutes or 1, 2,
3 or 6 hours of treatment with Patanol” (0.1% olopatadine; Alcon, Fort Worth, TX, USA), Pataday® (0.2% olopatadine; Alcon) or
Pazeo” (0.7% olopatadine; Alcon) in concentrations of 5, 10 and 15%. *p < 0.05 by student's ¢-test.

1179



- thgtotatsts| x| 20194

3.0
25
E 2.0
E 15 & Patanol 5%
Q ~ ® - Pataday 5%
1.0 —u— Pazeo 5%
0.5 — B8 £ ommc s = <— Control
0.0 T r T T !
30min 1hr 2hr 3hr 6 hr
Time
3.0
2.5 T
ﬁ*
= 2.0 /) *'Jﬁ
s /
E 15 = Patanol 15%
9 / o - Pataday 15%
1.0 / —u— Pazeo 15%
0.5 e - ® +— Control
0.0

30min 1 hr 2 hr 3hr 6 hr
Time

st Az o347} YERHTHp<0.05). £3] Pataday”, Pazeo”
o] AL, A E 6AHAIE 10%, 15% FEolA AT
Az 9] %%1 A7 2= A (p<0.05).

LDH 2ME

Patanol® 5%¢]|4] LDH %= 30504 0.477, 147t
A 0.548, 2A17H) A 0.584, 3A7E A 0.577, 6A17FlA]
0.57599.2.1, Patanol® 10%0|A] LDH %Ei= 30+0A]
0.491, 1A]7Fol|A] 0.578, 2417 4] 0.606, 34| 7FollA] 0.633,
6A17Fol| A 1.122943, Patanol® 15%9]|4] LDH &= 305
of| A 0.470, 1A]7FollA] 0.580, 2A1ZFollA] 0.653, 3A|7FollA]
0.676, 6A|1 7kl A] 2.1230]3ic}.

Pataday” 5%0l|4] LDH % 30204 0.481, 1A]7}]]
A 0.552, 2A17F A 0.664, 3A7E A 0.734, 6A|7Fo]|A]
0.5700]2.2.1, Pataday” 10%0l|A] LDH %= 30E0]A]
0.457, 1A]7Fol| 4] 0.589, 2417l A] 0.611, 3|7kl A] 0.655,
641710l Al 1.1729 3L, Pataday”™ 15%0]4] LDH %= 305
of| A 0.483, 1A]7Fol|A] 0.598, 2A|7Fol|A] 0.612, 3A|7Fo]lA]
0.715, 6A|17FollA] 2.049%}.

Pazeo” 5%0||4] LDH &%= 3020] 4] 0.542, 1A]7Fo]|A]
0.615, 2217l A 0.612, 347kl 4] 0.668, 641 7FA] 0.624%
o, Pazeo” 10%0]|4] LDH = 3050] 4 0.524, 147t
of| A 0.645, 2A17Fl| A 0.667, 3A1ZFlA] 0.701, 6A| 7kl A]
2.0480]11, Pazeo” 15%94] LDH == 30504 0.520,
LA ZF A 0.677, 241 7Fol| 4] 0.682, 3A7E)| A 1.406, 6A]7F
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Z 15 -4 Patanol 10%
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1.0 /" —=— Pazeo 10%
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0.5 T— &= o <+ Control

0.0 T T T : ,
30min  1hr 2 hr 3hr 6 hr

Time

Figure 2. LDH levels started to increase rapidly after 3 hours
in groups exposed to 5%, 10% and 15% Patanol (0.1% olopa-
tadine; Alcon, Fort Worth, TX, USA), Pataday® (0.2% olopa-
tadine; Alcon) or Pazeo (0.7% olopatadine; Alcon). Only
15% concentration of Pazeo” increased LDH titer after 2 hours.
LDH = lactate dehydrogenase. *p < 0.05 by analysis of
variance.

oA 2.3310]3ic}.

A 7HA eAl2) 5% ol A AlZkel whE sk Aol
Ao, 10% oJAe] ol A AubA| oA 3A7H
wE AEol® f2) LDH 4417t §23] S7tel A, o
Aol FE7F 15%2 Fobd=% LDH =X&= FsHA 3
7}8H9IT). Pazeo” o] 9= 10% EojA= LDH %717}
3AIZHRE dojytony, oA 15% Sl A 2FA] = 24
THRE F48HA =271 S71sto] MEe] &A% =8t
9 tHFig. 2).

1=
st oFAMS UFEF G O Lk(Fig. 3A), Patanol®, Pataday”,
Pazeo” ZQtoke] 3A17E Fot H&e AU ZEL LDH &

A7} oA A Ala2o] oS SEojX|aL I 7t
oF

L & % 9%rkFig. 3B-D)
AupiEe] AdEnl A0S YaLAL Uy A
o mAlg Rt oAl AEAT A Fejrt FAsHA

SEOIA A A
®

W= S (Fig. 4A), Al 2FA12] 10%
31912 wji= Patanol® (Fig. 4B), Pataday” (Fig. 4C), Pazeo
(Fig. 4D) FtoFe] Az Ali2d f AlZagso] Ty
QAL Al Zutolu) duko] 4lzkel B4R e ] oF

k.
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Figure 3. Inverted light microscopy of rabbit conjunctival cells taken after 3 hours of exposure to three agents at 10% concentration
(x200). (A) Control, (B) 10% Patanol (Alcon, Fort Worth, TX, USA), (C) 10% Pataday (Alcon), (D) 10% Pazeo (Alcon).
Conjunctival cells of control maintained elongated, spindle-shaped appearance. But the number of cells in (B) and (C) was de-

creased, and (D) showed even less.
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Figure 4. Transmission electron micrography of rabbit conjunctival cells taken after 3 hours of exposure to three agents at 10% con-
centration (bar length 2 um, origianl magnification, X 8,000). (A) Control, (B) 10% Patanol’ (Alcon, Fort Worth, TX, USA), (C)
10% Pataday (Alcon), (D) 10% Pazeo (Alcon). Conjunctival cells exposed to olopatadine showed loss of microvilli, vacuole for-

mation, and disrupted nuclear membrane.
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22 dE =71 2999 2= olopatadine 7 OFFA|
7F &3] AREE AL =t =] HekeFAZE 2 9l
AubA|arof] &4 doivh= g 2avt glen, o]9
ol A% g2 7] kA2l Patanol”, Pataday”, Pazeo”
Qtefo] AupA|azof m A= FFE HlaL EAEkALA} 5FG]

WG o g &o] AREE= U E7] 7Rl olopata-
dine FRFAIE AA o] FE3 & A2 FA A
< e Ayl Patanol®, Pataday®, Pazeo” 2FA|o) Z+zh
LeEEo] it AuA|LoA= HE T 1A RE Al
9] 4] 1A 7} THE|AA, Pataday” 9} Pazeo” 0] - 34]
AR AZ| A7} FASA LrEREIL, Pazeo” 2] %
= 15% FEolAE 24 A Al ZFA] o
A7} BRE T Pazeo” Hoto] ' T 2AI7HA
AAT AT 24 Aol et e Ymaln Qe
olopatanol hydrochloride 5%=7} =2 djA] 7]Qst AL
A ek, #k ofuje} Pataday”, Pazeo" 9] 79, oFAlo] 1=
=5 A 6A17te] YA AI7HA] FE 5%, 10%, 15% 5%

o

Lo A AARE AlaLe] F4] AA|7F BEEo] =& ARE
o eelEes A FAo| AABE o & 3tk

o| ol Iy LY =7 et LDHO| Fk=of of
31 Byon et al'®] A7 ATHE AHEH 10%, 20% Patanol”
of k&% E7] A9A 9] LDHE A&HA o= 1.5 ofstz
FAEG} 30% FEo A= 4A17H 2.0 ool HuAE
H9g), o]o] Byon et al*2 Patanol” FA|2] S =7} =&
4%, 1% ARIo] 99845 LDH 407} 37eke oby
& Hol= BH, k=& AJZFo] 24A17F Wl A5 dluo] &
e WEEA] sk Huskgich 2 dAtolA= A
AHZ7} Patanol®, Pataday®, Pazeo” A Aol Z}z} 5%,
10%, 15% X2 =253, 5% sEoA= Al oA =
% LDH 4:3)0] on] 9l WIskE wolx| epoleh. ejuh
10% s =59 & 3ARMEE Alx oz fow
LDH 427} 2243 Z7}5191, £3] 15% %%£9] Pazeo®
o A9 1w 2AARE FASH A7} B71ete] of
Aol F=7t w255, =F AXto] ejgesE Al 4
T4 2T AT A ATE BolET ook
gh 2 A HAEn]7 Aol A olopatadine A H<] ¢F
Al oA AZA ol agold It TEEATE A
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%170} 4] Patanol®2] 7-9-= 302 mosmv/kg, Pataday”
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T} HhH: HiQFEl & 7|9 ZIHM|Z0] Patanol® (0.1% olopatadine hydrochloride; Alcon, Fort Worth, TX, USA), Paladay® (0.2%
olopatadine hydrochloride; Alcon), Pazeo® (0.7% olopatadine hydrochloride; Alcon)E ARSI 22 5%, 10%, 15% sE=HZ2 302,
TAIZE 2N|2F 3A|ZE 6AIZF TEANZI & H| SIS Methylthiazoltetrazolium, lactate dehydrogenaseS =M O H, x| 7+
HEN H20] 3 I MIS0[EE ALESH Mol HEfStAOl HELE Hlw #HESIICE

b M N BF 15% SZ0IM SXE MESA oHS LIERHD, Pataday®, Pazeo"= 10% SEOIME =& 642k XLttt M=
o] ZAIS BIXf6| AMIGIRUCE BALAGA SR X L5 SAZMEE SI16IQ =0, 15% pazeo™= 2AIZHYREl HAIEAA
E=EAS
Lt

2X|7t 7t5t%Ct Olopatadine hydrochloride SE7t %2 Pazeo®, Pataday® Patanol® 202 ZBINZO| SEf X HAO|

Mool ool 242 gL,

(CHsretarsts|X| 2019:60(12):1176—1184)
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