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Figure 1. Effects of tropicamide on the survival of trabecular
meshwork cells. Tropicamide decreased cellular survival. *p < 0.05.
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Figure 2. Effects of cyclopentolate on the survival of trabecular mesh-
work cells. Cyclopentolate decreased cellular survival. *p < 0.05.
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Figure 3. Effects of atropine on the survival of trabecular mesh-
work cells. Atropine decreased cellular survival. *p < 0.05.
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Figure 4. Effects of pilocarpine on the survival of trabecular
meshwork cells. Pilocarpine decreased cellular survival. 'p < 0.05.
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Figure 5. Effects of 0.01 mg/ml tropicamide, cyclopentolate,
atropine, and pilocarpine on the production of nitric oxide in
trabecular meshwork cells. All agents did not affect the pro-
duction of nitric oxide significantly compared to the non-ex-
posed control. p > 0.05.

/ww . ophthalmology

oo

® o0 Aik 5T A5AC F5A} AFAEe]
o] gofat AR vld 4 gLt NOo| Aol §9)
QL vlAA ekeths AL HolFT k.

FRAAAA =7t =0k Hol F BB o=, 1
23 olERAe 5T o4 U ulu|S E8 A ARg
Aetoro 2 £8] AL E|T Qliet] RolAE olefdt £
SLAAIZ 29k Al SO B e 4 girka B
wo] Qe B Q1] Auolx] FHUA kR HeF
AES] Wz AstAZE oldd AEATE TrER
A4S B E3o] Lebyitt

S oL Al Al BAS ek 4 9oy

A RS LS ASAE 202 elsich. U4
Ho2 FIAPAL FILIAE A8 AP WL
YR AT UL ISR AT A9 HATAIES)

Azl FEFe vAH 1 éﬂ A9 715 orsAd
& glomg Zejsjof 3 ol
£ Aol A HEAY} EHE HeAE BAZOR 3
Asle] AES Alggstgiorg HEAQ benzalkonium
Chlorlde7]- /\1]:,54 /\H}_oﬂ 03150 S ]zl 7}_/\45 AH7LOH =k
2= Qlth, REA|L g7l Zato) TEEg H2bE= g vl
Aol E w7 Askd Aoz AZbstn 0.005%
O] FEoflA= ARTAIE e AL FFE RIAA] Y=t
£ RIE Yok ulE B Ajlo]A REA HEOR A
e W HTAlEY] AEo mAs dFS 2AHA %
o & Ao ARgE HEAS Y w== 0.001%9]
bz ofAlof kel BeA|7b Az A& nAe FF
A7 & AC R ARl B3 HEAl= HeHA 7]
SRS ol ATE Uehime A4 4obe] o
W 5t U] AR SR A ekl 5= 9l
NOS] A4 Aslol olsl A7t - Tro 20 44Tt
S0} chgto] 453 4 did! T ABAY pargo
2 ekt o  ale] shiz N2 ) A
wo} e 7 28 2 4 gl AaAlEe) 4
29 A3IA 7] oFA| o] Z|H 0] BEAJLH 2
A cherst U AeFAE] AE At
NO®| A Ao Qeonz o wiAsts] <8l
Rz Y mHA|

2 A=
As ol A NO2 A FF= 2. 1 2

= ol
ox 2
o[)

A

o
2
ro, o of

rlrg{;
(o ox oX
lo >~_\9
l'ﬂ-l

r&
A
10

1

o Fj(_o,
%9,
b

EE 001'

o :(o mo
ox N

>

=l

o 4

hi=d
ftjo

off wA]

.org 1091



— Oyt

3} H1% AFEAE NOS| AHE7HE g, S5 Al
NOO| A4 A5HE UeZ) sheott NOo| Aol 57
Mo ot YRS AL Yok olee Auks 4
BAO) W17k ARG Ofat QletARsol AaTAIEe) A
oL} NOJ AATH: elo] §lon the snsby wi 7]
52 elel ofaf gkt Aol e Holehs AL A4}
stk e ulE ASEgl A9olE AV A8 A
Hg0] 7% At TR w8ke of|3 7hsA
= glome®® A7|ze) Agsiuel thsl A % o A
s A7k Wad Aoltt

AgA 0w A ) ALuore] o)A A %
DR AL B HGFAEe] AES A
QAo oleist opE UR A% HekshAL
A Q=S Zofsok St 12 AREA ]
Apo] FUEE A9 NOY AN 1
W] 1 7ol el o o A
o o= Az

o ofr

fu i

=

o ofr o X
U

e

e o o2

A
o

-

2 e o R

ot
N
RN

TnErl

1) Abraham SV. Mydriatic glaucoma: a statistical study. Arch
Ophthalmol 1933;10:757-62.

2) Nelson ME, Orton HP. Counteracting the effects of mydriatics:
Does it benefit the patient? Arch Ophthalmol 1987;105:486-9.

3) Siam GA, de Barros DS, Gheith ME, et al. The amount of intra-
ocular pressure rise during pharmacological pupillary dilatation is
an indicator of the likelihood of future progression of glaucoma. Br
J Ophthalmol 2007;91:1170-2.

4) Wiederholt M. Direct involvement of trabecular meshwork in the
regulation of aqueous humor outflow. Curr Opin Ophthalmol
1998;9:46-9.

5) Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology, path-
ophysiology, and pharmacology. Pharmacol Rev 1991;43:109-42.

6) Bredt DS, Snyder SH. Nitric oxide: a physiologic messenger
molecule. Annu Rev Biochem 1994;63:175-95.

7) Briine B, Knethen A, Sandau KB. Nitric oxide and its role in
apoptosis. Eur J Pharmacol 1998;351:261-72.

8) Nathanson JA, McKee M. Identification of an extensive system of
nitric oxide-producing cells in the ciliary muscle and outflow path-
way of the human eye. Invest Ophthalmol Vis Sci 1995;36:1765-73.

9) Geyer O, Podos SM, Mittag T. Nitric oxide synthase activity in tis-
sues of the bovine eye. Graefes Arch Clin Exp Ophthalmol 1997;
235:786-93.

10) Meyer P, Champion C, Schlotzer-Schrehardt U, et al. Localization
of nitric oxide synthase isoforms in porcine ocular tissues. Curr

olotutsts|x| 20113 x| 52 # X 9 -

Eye Res 1999;18:375-80.

11) Schuman JS, Erickson K, Nathanson JA. Nitrovasodilator effects
on intraocular pressure and outflow facility in monkeys. Exp Eye
Res 1994;58:99-105.

12) Wang RF, Podos SM. Effect of the topical application of nitro-
glycerin on intraocular pressure in normal and glaucomatous
monkeys. Exp Eye Res 1995;60:337-9.

13) Nathanson JA, McKee M. Alterations of ocular nitric oxide syn-
thase in human glaucoma. Invest Ophthalmol Vis Sci 1995;36:
1774-84.

14) Matsuo T. Basic nitric oxide production is enhanced by hydraulic
pressure in cultured human trabecular cells. Br J Ophthalmol
2000;84:631-5.

15) Schneemann A, Dijkstra BG, van den Berg TJ, et al. Nitric ox-
ide/guanylate cyclase pathways and flow in anterior segment
perfusion. Graefes Arch Clin Exp Ophthalmol 2002;240:936-41.

16) Galassi F, Renieri G, Sodi A, et al. Nitric oxide proxies and ocular
perfusion pressure in primary open angle glaucoma. Br J Ophthalmol
2004;88:757-60.

17) Ellis DZ, Dismuke WM, Chokshi BM. Characterization of soluble
guanylate cyclase in NO-induced increases in aqueous humor out-
flow facility and in the trabecular meshwork. Invest Ophthalmol
Vis Sci 2009;50:1808-13.

18) Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: Application to proliferation and cytotoxicity assays. J
Immunol Methods 1983;65:55-63.

19) Green LC, Wagner DA, Glogowski J, et al. Analysis of nitrate, ni-
trite and ["°N]nitrate in biological fluids. Anal Biochem 1982;
126:131-8.

20) Polansky JR, Weinreb RN, Baxter JD, Alvarado J. Human tra-
becular cells. 1. Establishment in tissue culture and growth
characteristics. Invest Ophthalmol Vis Sci 1979;18:1043-9.

21) Alvarado JA, Wood I, Polansky JR. Human trabecular cells. II.
Growth pattern and ultrastructural characteristics. Invest
Ophthalmol Vis Sci 1982;23:464-78.

22) Kawa JE, Higginbotham EJ, Chang IL, Yue BY. Effects of anti-
glaucoma medications on bovine trabecular meshwork cells in
vitro. Exp Eye Res 1993;57:557-65.

23) Green K, Downs SJ. Ocular penetration of pilocarpine in rabbits.
Arch Ophthalmol 1975;93:1165-8.

24) Yu AL, Fuchshofer R, Kampik A, Welge-Liissen U. Effects of oxi-
dative stress in trabecular meshwork cells are reduced by prosta-
glandin analogues. Invest Ophthalmol Vis Sci 2008;49:4872-80.

25) Vasa M, Breitschopf K, Zeiher AM, Dimmeler S. Nitric oxide acti-
vates telomerase and delays endothelial cell senescence. Circ Res
2000;87:540-2.

26) Scalera F, Borlak J, Beckmann B, et al. Endogenous nitric oxide
synthesis inhibitor asymmetric dimethyl L-arginine accelerates en-
dothelial cell senescence. Arterioscler Thromb Vasc Biol 2004;24:
1816-22.

1092 www_ophthalmology.org



=ABSTRACT=

Effects of Pupil Dilation and Constriction Agents on
Trabecular Meshwork Cells

Jeong Hun Lee, MD, Jae Woo Kim, MD, PhD

Department of Ophthalmology, Catholic University of Daegu College of Medicine, Daegu, Korea

Purpose: To investigate the effects of pupil dilation and constriction agents on the survival and production of nitric oxide
(NO) in cultured human trabecular meshwork cells (HTMC).

Methods: Primarily cultured HTMC were exposed to 0, 0.01, and 0.1 mg/ml of tropicamide, cyclopentolate, atropine, or
pilocarpine for 2 hours. Cellular survival and production of NO were assessed using the MTT assay and Griess assay,
respectively.

Results: Tropicamide, cyclopentolate, atropine, and pilocarpine decreased cellular survival at the concentration of 0.1 mg.
At the concentration of 0.01 mg/ml, all agents decreased production of NO to some extent, although the reduction was not
statistically significant.

Conclusions: Pupil dilation and constriction agents may be toxic to HTMC if used at high concentrations or if used fre-
quently in the short-term but may not affect trabecular outflow.

J Korean Ophthalmol Soc 2011;52(9):1089-1093

Key Words: Atropine, Cyclopentolate, Pilocarpine, Trabecular meshwork cells, Tropicamide
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