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Effects of Hydrogen Sulfide and Nitric Oxide on the Permeability of Cultured
Trabecular Meshwork Cells
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Purpose: To investigate the effects of hydrogen sulfide (H2S) on the permeability of a cultured human trabecular meshwork cells
(HTMC) monolayer and its interaction with nitric oxide (NO).

Methods: After exposing primary cultured HTMCs to 0, 50, 100, and 500 uM sodium hydrogen sulfide (NaHS) for 6 hours, the
permeabilities through the HTMC monolayer were measured using a Transwell assay with carboxyfluorescein. The production of
NO and eNOS mRNA expression were assessed using the Griess assay and reverse transcription-polymerase chain reaction,
respectively. In addition, 0, 1, and 10 uM NaHS and 10 uM sodium nitroprusside (SN) were co-exposed to evaluate the possible
synergistic effect of H,S and NO.

Results: Greater than 100 yuM NaHS increased the permeability through the HTMC monolayer in a dose-dependent manner
(p < 0.05). These increased permeabilities were not accompanied by NO production or eNOS mRNA expression (p > 0.05).
When 0, 1, and 10 uM NaHS and 10 uM SN were exposed together, there was no significant change of permeability, NO production,
or eNOS mRNA expression (all, p > 0.05).

Conclusions: NaHS at high concentrations increased the permeability of the HTMC monolayer, which was not affected by NO.
NaHS at low concentrations did not show a synergistic effect with NO. Thus, H2S at high concentrations may increase trabecular
outflow, which may not be associated with NO.
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T2l A B2 AR 6AI1ZF ool AE3E ok Azt
oflA A5 BAWe] viFH Aol &7 F FAYA(Gibeo,
Invitrogen, Carlsbad, CA, USA)2} 10% -2-Efjo}& H(Hyclone,
Thermoscientific, Carlsbad, CA, USA)¢] 33} Dulbecco’s
modified Eagle’s medium HjX|(DMEM, Gibco, Invitrogen)
£ ARESHe] 5% CO, Hijg7]oll A Zdiujerstict. A
A|zz7}E o] Al 22 W F912 A A gt & A
Fr22 9 o] HE AASKL wijdS AGSI o Al
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v QA A=Al 0, 50, 100, 500 ©M 3}t
2~ EF(sodium hydrogen sulfide, NaHS, Sigma, St. Louis,
MO, USA)Z} HpS §Hd9] 7)€l 100 uM L-cysteine (Sigma)
off 6AIZF mE AT 3 AF=2] HaSollA NO9L 45
2hgo] QJofuhi=x] etobiy] glatel 0, 1, 10 uMe] NaHS
2} 10 uM sodium nitroprusside (SN, Sigma)E $HA| A
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A oklel AHE AqstEom, NOSS 2 o3 3
o15}7] €5t eNOS 34 A 3)A|2l 10 uM N,-Nitro-L-ar-
ginine methyl ester hydrochloride (L-NAME, Sigma)®] =

A7

MTT assay

M|3Ee] ZAlof gt a3k= 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT, Sigma) assayE ©|
gatglct?? oF2 AeE]st M) Bix|o] MTTE 7} well
T 100 LY FoIFH F 4AZE Bk AT T 5
2-o0(PBS, Phosphated buffered saline, Gibco)©. 2 Ao H
3 dimethylsulfoxide (Sigma)E Z} wellgd 0.5 mLA Hof
96-well plateo]] %7 spectrophotometer (Fluostar Optima,
BMG labtech, Offenberg, Germany)2 570 nmoj| A 3=
2 24elgth o) AZo) AE AEE PR 2 of
AP E SHA o ti2wto] HIZ Uipo] MEER e
Witk

Griess assay

Al ol Al NO2J A4 Griess assayE ©]-8-5}0]
ZASHATE? 6A17HESE 2 F=o] oFAlo] w=EAT] T
v z]of| FF2] Griess reagent (Sigma)E 4> % 96-well
plateo]] €4 3434 #|(FLUOstar Optima, BMG Labtech)
2 540 nmoll A FHEE 25 ofu) HEAE 7o)
7] 913l sodium nitrite (Sigma)E WA X O2 3|Al5le] AL
g3tk

Endothelial nitric oxide synthase (eNOS) mRNA &f
g =gst7| {8 RT-PCR

A 3Eo| A Trizol (Invitrogen)S ©]-83F0] RNAE
2jet & 22|35t RNAL} Oligo dT primer, nuclease-free
5}6] W= RNA denaturation mixS- 70°Cof| 55
7+ WHAJA]7]| 31 Prime RT premix (Genet bio, Daejeon, Korea)
oF Z3tato] 42°Co A 1AIZE 70°Col A 1083 WA A
cDNAZ 3SHA5H T 345 cDNA©9] 2XGoTaq Green
Master Mix (Promega, Fitchburg, WI, USA)2} 10 pmol 2]
forward primer (ctg gct ttc cct tcc agt tc, 225 bp), reverse

M
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%
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o] DNAEngine cycler (Bio-Rad, Hercules, CA, USA)E A}
/35101 30 cyclesE A3 3 57°Co| A 5E7F ¥-3-A] 7).
ZZ% PCR productE 1% agarose gelof| Z7] %539
DNA bandS multi Gauge v.2.02 (Fujifilm, Tokyo, Japan)
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Carboxyfluorescein permeability assay

Transwell 2] W= chambero] A|Z7} GdAMEzZOo 2 =
wrel A A2k A TelT T 6417 E2t 7} oblo] 1A
71 TS EFE A AEr9ch®? U= chamberol] &}
a1 Q= A|EE PBSE 33 AA3%E th2 50 mM carboxy-
fluorescein (Sigma)S =SA|ZTE =& 247 & 9=
chamber= F3}% carboxyfluorescein®] ==& 532 nmo|
A 2335337 (Fluostar Optima, BMG Labtech) 2 &%}
wEes Lepyol

X X2
E% a‘@% 3A N4 SAH /\}01«] *ﬂ:‘TE% o8-+
L3 NOO| S B+t + 3 ii}i LR
e, TL]'EQ} eNOS mRNA 9| ®i3h= MEE = Lhehy
Qlth. Unpaired ttestS ARE3lo] §-214& ] ks S ARCE
oS S%= Aokl

_q
m
g L

Z at

NaHS7} MRZFMZo| MZEo| 0|X|e e
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L-cysteine W Al-5Al2Eo] 6A17F e3AH S o &
< oFEo] AR Al Aol FoRt FFE vAA &
UTHEE p>0.05) (Fig. 1). wahs] Ado] AMRE F%o
A 2AE oy Ade] ASLo HEo] AE Wl o5t
]
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Figure 1. The Effect of sodium hydrogen sulfide (NaHS; 0, 50,
100, 500 pM) and L-cysteine (100 uM) on the survival of cul-
tured human trabecular meshwork cells. Both NaHS and L-cys-
teine did not affect the survival of trabecular meshwork cells
compared to non-exposed controls (all p > 0.05).

Tt UASHEA -

Lecysteine 6417k 1BA| 7S 1 BE oFo] 485 A
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p>0.05) (Fig. 2). 3 OFBol wZwA| ghe tjai
sto] 447 A|ENA] NOS mRNAY] HHHo|= §2I5t
G v)X A RUTHET p>0.05) (Fig. 3)
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Figure 2. The Effect of sodium hydrogen sulfide (NaHS; 0, 50,
100, 500 uM) and L-cysteine (100 pM) on the production of ni-
tric oxide in cultured human trabecular meshwork cells. Both
NaHS and L-cysteine did not affect the production of nitric ox-
ide compared to non-exposed controls (all p > 0.095).
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Figure 3. The Effect of sodium hydrogen sulfide (NaHS; 0,
50, 100, 500 uM) and L-cysteine (100 uM) on the expression
of endothelial nitric oxide synthase (eNOS) mRNA in cultured
human trabecular meshwork cells. Both NaHS and L-cysteine
did not affect the on the expression of eNOS mRNA compared
to non-exposed controls (all p > 0.05).
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o wEA] Aol 1264%2 HgrdEi|sel Si}
= S0 Z7HAIATHp=0.004). ©|2f3t ATk A NaHS
= olHolq Eofslzut Wl HSel AAe Z7M171 %

= [§]
S WE Hertsnse] ERES S7AITE A
& 4 ek

MsEo| NaHSeF NO2o| AlS A2

1, 10 pMe] A% Eol A NaHSo| =EA%S o NOYJ
AgTFE 247t okl mEEA] 2 djxto] vl xjolE
H0]Z| 9k} H(p=0.865, p=0.738) (Fig. 5), eNOS mRNA
o] urgl AEn Zo]= Holx| AQItKp=0.533, p=0.965)
(Fig. 6). eNOS g4 A 814191 L-NAME®]| =&A]7] 7o
L eNOS mRNA®] ¥F&0] 91.4%= 7143819 THp=0.046).
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Figure 4. The Effect of sodium hydrogen sulfide (NaHS: 0, 50,
100, 500 uM) and L-cysteine (100 uM) on the permeability of
carboxyfluorescin through the trabecular meshwork cell
monolayer. Both 100, 500 uM NaHS and 100 uM L-cysteine
increased the permeabilty of carboxyfluorescein significantly
(*p < 0.05). Carboxyfluorescein intensity of outer chamber
normalized to the mean value obtained using non-exposed con-
trol (permeability 100%).
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Figure 5. The Effect of sodium hydrogen sulfide (NaHS) at low
concentration (1, 10 uM) on the production of nitric oxide in
cultured human trabecular meshwork cells. NaHS at low con-
centration did not affect the production of nitric oxide (all p >
0.05).
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Het® HM3IE-

A 2ol A NaHSe} NOO| A4 2Ho] ofubzx] ol
H7] 93] 10 pM SN} 1, 10 pM2] NaHSo| FAof| =
207 HeFaEAEEe] EHES 245 A 10 1M
SNO| TE0® wEA|7] 790 Hla| NaHSo] FAo] =
24170 7 1, 10 iM NaHS 2504 ol Faeo] 3}
o|Z Lreh | SEotehp=0.74, p=0.511) (Fig. 7).
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Figure 6. Effect of sodium hydrogen sulfide (NaHS) at low
concentration (1, 10 pM) and N,-Nitro-L-arginine methyl es-
ter hydrochloride (L-NAME, 10 pM) on the expression of en-
dothelial nitric oxide synthase (eNOS) mRNA in cultured hu-
man trabecular meshwork cells. NaHS did not affect the on the
expression of eNOS mRNA compared to non-exposed con-
trols (all p > 0.05). In contrast, L-NAME decreased the ex-
pression of eNOS mRNA significantly (p = 0.046).
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Figure 7. Effect of 10 uM sodium nitroprusside (SN) co-ex-
posed to sodium hydrogen sulfide (NaHS) at low concentration
(1, 10 uM) on the permeability of carboxyfluorescein through
the trabecular meshwork cell monolayer. Both 1, 10 uM NaHS
co-exposed with SN did not affect the permeabilty of carboxy-
fluorescein (p = 0.74, p = 0.511) compared with exposed to
SN alone. Carboxyfluorescein intensity of outer chamber nor-
malized to the mean value obtained using SN (permeability
100%).
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