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Background : Nitric oxide(NO) is an endogenously produced free radical that plays an important role in regu-
lating vascular tone, inhibition of platelet aggregation and white blood cell adhesion to endothelial cells, and
host defense against infection. The highly reactive nature of NO with oxygen radicals suggests that it may ei-
ther promote or reduce oxidant-induced cell injury in several biological pathways. Oxidant injury and interac-
tions between pulmonary vascular endothelium and leukocytes are important in the pathogenesis of acute lung
injury, including acute respiratory distress syndrome( ARDS). In ARDS, therapeutic administration of NO is a
clinical condition providing exogenous NO in oxidant-induced endothelial injury. The role of exogenous NO
from NO donor or the suppression of endogenaus NO production was evaluated in oxidant-induced endothelial
injury.

Method : The oxidant injury in cultured rat Jung microvascular endothelial cells(RLMVC) was induced by
hydrogen peroxide generated from glucose oxidase(GQ). Cell injury was evaluated by “chromium(*Cr) release
technique. NO donor, such as S-nitroso-N-acetylpericillamine(SNAP) or sodium nitroprusside(SNP), was
added to the endothelial cells as a source of exogenous NO, Endogenous production of NO was suppressed with
N-monomethyl-L-arginine(L-NMMA) which is an NO synthase inhibitor. L-NMMA was also used in in-
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creased endogenous NO production induced by combined stimulation with interferon-y (INF-7), tumor necrosis
factor-@ (TNF-a), and lipopolysaccharide(LPS). NO generation from NO donor or from the endothelial cells
was evaluated by measuring nitrite concentration.

Result : “Cr release was 8.7 +0.5% in GO 5 mU/ml, 144+2.9% in GO 10 mU/ml, 32.3+2.9% in GO 15 mU
/ml, 55.5+0.3% in GO 20 mU/ml and 67.8 £0.9% in GO 30 mU/ml ; it was significantly increased in GO 15
mU/ml or higher concentrations when compared with 9.6 +0.7% in control(p < 0.05 ; n=6). L-NMMA(0.5
mM) did not affect the ®Cr release by GO.

Nitrite concentration was increased to 3.9+ 0.3 M in culture media of RLMVC treated with INF-y (500 U/
ml), TNF-a(150 U/ml) and LPS(1 xg/ml) for 24 hours ; it was significantly suppressed by the addition of L
-NMMA. The presence of L-NMMA did not affect *Cr release induced by GO in RLMVC pretreated with INF
-y, TNF-aand LPS.

The increase of *Cr release with GO(20 mU/ml) was prevented completely by adding 100 z M SNAP. But
the add of SNP, potassium ferrocyanate or potassium ferricyanate did not protect the oxidant injury.

Nitrite accumulation was 23+1.0 2 M from 100 2 M SNAP at 4 hours in phenol red free Hanks’ balanced
salt solution. But nitrite was not detectable from SNP upto 1 mM.

The presence of SNAP did not affect the time dependent generation of hydrogen peroxide by GO in phenol

red free Hanks’ balanced salt solution.
Conclusion : Hydrogen peroxide generated by GO causes oxidant injury in RLMVC. Exogenous NO from NO
donor prevents oxidant injury, and the protective effect may be related to the ability to release NO. These
results suggest that the exogenous NO may be protective on oxidant injury to the endothelium. (Tuberculosis
and Respiratory Diseases 1998, 45 : 1265-1276)

Key words : Nitric oxide, Oxidant, Endothelium.
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%, 15 mU/mlo)lA 32.3+£2.9%, 20 mU/mid)A
55.5+0.3%, 30 mU/mlolA 67.8+09%2 GO
15 mU/ml o}dolA thz79] 9.6 £0.7%9l] s}l
So3 2718 9THP<0.05 ; n=6). o] AE &
A& 0.1-1 mMel L-NMMAE 3vlsloe ggko]
ek (Fig. 1).

2. NO 44 x1=2| 3%
INF-y 500 U/ml, TNF-¢ 150 U/ml, LPS 1ug/

mlE gl Hrlete] 24A17 BAA] wige] F
nitrite F=7} 3.9+£0.3 uM<Ql Aol ¥idte], INF-y
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Fig. 1. Effect of glucose oxidase (GO) concen-
tration and N-monomethyl-L-arginine
(L-NMMA) on chromium release from
rat lung microvasculature endothelial
cells(RLMVC). GO (0-20 mU/ml) with-
out or with L-NMMA (0.5 mM) was
added to Hanks’ balanced salt solution
(HBSS) with glucose for 4 hours. Val-
ues are means =SD ; n=6 for each con-
dition. *P<0.01 vs. control ; **p<0.001
vs. control ; GO+NMMA : GO with L~
NMMA 0.5 mM.

500 U/ml, TNF-¢ 150 U/m], LPS 1 pg /mld] L
-NMMA 0.5 mM€& 713818 nitrite =71 0.2+
0.1 pME FolaA gAI=ER2n (p<0.05 ; n=6),
2Xx17#H L-NMMA 0.5 mMPo|A&= nitriter}
A2E) R g9t (Fig. 2A). INF-y 500 U/ml, TNF
~¢ 150 U/ml, LPS 1 pg/ml 24 A7t AXAE GO
10 mU/mla opyigt MEfido] L-NMMA 0.5
mM 7ol Jaz] ¢trh(Fig. 2B).

3. NOZ06{E sodium nitroprusside(SNP) 2 S-ni-
troso-N-acetyl-penicillamine (SNAP) 2| &

Cr wtao] )z 8.3+0.8% nHlzld GO 20
mU/mlo| A 55.0+2.8%, GO-+SNP 100 uzMejA
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Fig. 2. Influence of stimulated nitric oxide pro-
duction and its inhibition by L-NMMA
on nitrite concentration(A) and chromi-
urn release(B) caused by exposing rat
lung microvasculature endothelial cells
to GO. Cells were exposed for 4 hours to
HBSS with or without 10 mU/ml GO.
INF+TNF+LPS : NO production was
stimulated by treating cells for 24 hours
prior to GO experimenis with Ryan’s
media containing interferon-y 500 U/ml,
tumor necrosis factor-e 150 U/m! and
lipopolysaccharide 1ug/ml. INF+TNF
+LPS+NMMA : same as INF+TNF+
LPS except the addition of 0.5 mM
NMMA. NMMA : cells were treated for
24 hours prior to GO experiments with
Ryan’s media containing 0.5 mM
NMMA. Values are means+SD ; n=6
for each condition. *p<<0.05 vs. control,
NMMA or INF+TNF+LPS. **p<0.05
vs. control, NMMA or without GO.

GO + K ferrocyanate i

GO + K ferricyanate -

0 20 40 60
Chromium Release (%)

Fig. 3. Effect of 100 M S-nitroso-N-acetyl-
penicillamine(SNAP), 100 zM sodium
nitroprusside(SNP), 100 zM potassi-
um ferrocyanate(K ferrocyanate) and
100 M potassium ferricyanate(K
ferricyanate) on GO-mediated injury to
rat lung microvasculature endothelial
cells. Cells were exposed for 4 hours to
HBSS with 20 mU/ml GO except con-
trol. Values are means+SD; n = 6 for
each condition. *P < 0.001 vs. the oth-
ers except control.

66.5+1.3% 2 #<J3A F7+e ¥HA(p<0.05 ; n=
6), GO+SNAP 100 uMojr 9.8+07% & Uz
23 BYE o GO vlale] fostA Hast
At (p<0.01 ; n=6). SNPel gjzFo& NO #
Zo] Hx] ggonix SNP9} 7z o=z 5% cya-
nide 728 714 B3¢ 47 GO F7H3 GO+
potassium ferrocyanide 100 M % GO+ potassi-
um ferricyanide 100 zME GOst 2tol7} gich
(Fig. 3). SNP 100 pM, SNAP 100 u M, potassi-
um ferrocyanide 100 M, potassium fer-
ricyanide 100 uM ¥ GO glo] &% o9 dizz
A ME “Cr WEo] FAX tzgw} xpol7h R

4. SNAP 552} Alzt Zojoff o}E nitite S

Alggell4 HBSSo &322l SNAP #8348 44
37% 5% CO, 32 widr]ollA 47k BAA F
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Fig. 4. Effect of SNAP concentration (A) and duration of exposure (B) on nitrite accumulation
in HBSS. In dose-response experiments, SNAP (0-100 xzM) was added to HBSS for 4
hours. In time-response experiments, SNAP 100 M was incubated for 15 minutes to 4
hours. SNAP solutions in HBSS were incubated at 37°C and 5% CO..
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Fig. 5. The generation of hydrogen peroxide from
GO(20 mU/ml) in phenol red free Hanks’
balanced salt solution in the absence or the
presence of SNAP(100 M) or rat lung
microvasculature endothelial cells. Values
are means+SD ; n=6 for each condition.
*p<0.05 vs. GO or GO+SNAP.

2%} nitrite57} SNAP 20 uMolA] 10.0+0.4
uM, 30 uMoA 10.3+0.2 M, 50 uMdA 12.
8+0.9 1M, 100 uMdA 23.0+1.0 Moz

SNAP 557} 27130 e} nitrite 571 g2
of wigtd FoldA F7HEATH(p<0.01 ; n=6)
(Fig. 4A). SNAP 100 pME& Alg@elA 158 - 4
Azt A% nitrite§ FHA] Al ATl w2} {9
A F71ge BAsATH(Fig. 4B). SNP 100-
1,000 M &9o] A nitrite7} 24 FF WA
%ol =A Yttt

5. SNAP 22 GOofl 2j¢h pjitalea 4

HBSS%9] GO 20 mU/mldl <j3te] B4d szt
F4 =7 1580 163 uM, 1Ak 12743
uM, 27kl 22348 uM, 32kl 30214 uM,
47kl 342+7 pME ARt Zaje] whet f-ofsH
Z7keg e, old 100 uMe] SNAPE F7}ste]
= Fel@ APk AUcH(p>0.05 ; n=6) (Fig. 5).
A FeAEd Yo Exstel 43d<l HBSS
%9 GO 20 mU/mlel] jste] 48 sRbstes 5
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T 15580 3343 uM, 1A)70) 101+4 uM, 2
AZrell 126 +7 uM, 374 134+1 uM, 447}
o 137+2 uM %02 o]= 100 uMe] SNAP&
F7¥te e ztol7t Q1o w (p>0.05 ; n=6), A7t
el W F7t 2217 o|FollE AES} Qe A
Sol  vlgte]  foEtAl  W@UtH(p<0.01 ; n=6)
(Fig. 5).
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I ¥Rl =t Bl ME EAL dozitin &y
& A0 wodt, A dew gl Aue e
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o]9] protonated formo] hydroxyl”]¢} nitrite®
2a#E 4 k. NO7L #ojspd 23)2] peroxyl
radical & FAste] AF i3 AT Fx 9
C}Q.!Q.?ﬁ).

sk o8 AEEAe A &4 73] B
AR, IbSFAE BE BT ferry] o
<, perferryl o], ferrous-dioxygen-ferric com-
plex S8 38k olo) slate) 24 Bfrio) A
S A £Ake] 287} obrlgck. NOS} o) vt
$730] Wi E2d NOJ o2& H #d whg-g A
T 7FsAdol AAFE Q.

NO7} A¥stA] &4 o3t &8 SR e
s AslAlel R &, NO AAE, AsiA9l
NO7} 8= 578d 4 2 AX B4, 24
ol ob7|sle 8 Asrid, A3 -89 87, A%
o] AstALE NO &4 dig 244 5 B¢ g4l
o] M2 FABEE YT, o]FA BslAw 7)A]
et AsHA $3ell A NO7E 3-8 sk 714
& A ) kA A4 A9} o) WE A F It
st A, WP {23 BAsle] W, FFAHEe
oF AshA] BA A, vEbAE] guby A, Al
=4 dEde] 249 oA, AEW GMP A
Fol AZIHU . k2 £ @FF A GO
o3 H 8¢ T34 F70] NO 24 ppm oz W

2" £ Udvkes Ro®rt ey ol ¥4 &
T F32AM XNE BHoz FYAIle FEe
NO &gjo] dH&4s 43 F= U8 7 &
oA Aoz &g Folrt.

¥ A7dM L-NMMA 9] T2 Uil NOXA
& Al GO o3 stk oz AksiA]
&gl kol el (Fig. 1, 2), o] WA NO
o] Aol HojA BRI AANE vERE £ gAY
s 4oz Ygig NOAAel A3tE 7] WeEdd
7He4do] 2lth. SNAPo] GO 2Jgt #itslpa A
Hoz opr|Al7|e AR &g HFEIARE SNP
= R3aar} giddti(Fig. 3). SNP= NO W&A|
2 geif ot thiol#} ¥hgsledof cyanided #-2j3}
A NOE W&o, AU A7le #8 A7l
Ale NO &Rz &8sk 297t o, AXd
e dFolMT wigolut HEel| AMSH 458
oA NO o] glAu NOS #A1%le] SNP x4
7} A NOS} A1 2H8-& w&E3tAY NO9 73
g 71e 298 sk A97 43d] Aol 2 s
of o1& @3ch'®. dhA SNAPS ZeHstn ¢£43%
NO 3o EFojtp'®. SNAPL O=N-SCMe,CH
(NHR)CO,He] Fz4er F2448 (homolytic
cleavage)°ll 2/8ted NOE W&stdA thiyl gjg
o] A= thiyl #ujZd2 t}A] N-acetylpeni-
cillamine disulfide7} o} SHAFAH®, B o)
A NO ¥3& nitrite 2oz HrkElgey
SNAP& s=¢ A7 7z ot NOE #&six|¢h
(Fig. 4A, B), SNP+= HBSS¢jA 1 mM7ix]¢] &
Z2% nitrite F¥o] A 7ed {9 nEsy
o} webA SNAPS] B3 E3s NO W& sea 3
o] A& 7HeAE oAl #Elskgict

GO glucoseE 714& slo] tslead AA
gh=dl SNAP S b= ol& AsskA] o, Al
271 A o AAEE FseATl MEe Bt
stasel D Fof ofsle 4RI HER O TR
7V @3l= A e o] HA] SNAPS 7tz 3
] oo}l SNAP9] B3 a#7t GO 9% #itst

o ook

e
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Fh AT e Aol TRUE BAIHAT
(Fig. 5).

Z2H02 AuAPH WAL GO elsted
BATE L Al S oplaalen,
NO Foig<q]l SNAPo 2RE AlZs ¢4 NO7t
QA &4 A o BEETAE NO B2
ol oI 7hso] AN T AAY 87
of @t leld NO7H vhslso] chat 4baial 4t
of M5 £ gl 4 slvkn 90,

2 <

APl

NO&= AN A= frel whgrizA g9 2
Fxe] ¢, 4% 3 AAl, 8 Wz o
g adE §3 g, gl dig 3 ol FolA
293% 98L& k. NO= o] F<%(transition
metal), Abx, 7]t ¥hE7] B3 fA weIlnz o
2] QA ¥hgol| Foste] AslA &g 2HATIA
v ZaAEd 7hsAel AVIEUTh 4 st 2§
4 TETY XM AER NIAE ¢ 52T
o] F5AE R ASA &gl wl¢ F8F P¥lew
geiA Jom, NOE 34 333 SF2ddAM &
gt Amshe A AsAld o 8 wINE
SolA R2HE NOE Fushs d¥oltt. &
AFolAe 2078 NOg| Fofut Wisld NO AP}
A % HuAER WIAEe] &4E osiAl
7IAY AL 5 QleAE BEsAY.

-

AsAle] o eSS WA Hulddd WoqE
o] kA E A glucose oxidase(GO)E
Foalo] of7|Al7|: o Cr W& o2 Hrla}
At AstAlel] g HEF AT &40 2JA
4 NO7t mjAE= 93ke NO FoE<¢l SNAP &
SNPE slAlot Al Foste] Hrisict. 4k}
Aol o3k AEF HAE] &40 Wi NO o
A7} vl 9% NOS 234 L-NMMA & 3

742 Fodsle "riskt. INF-y, TNF-g, LPS &
o2 U4 NO #4& A% ¥ L-NMMAS &
A= BRsg s, NO FHEolU WP ER 7E
9] NOAIAL nitrite &3 0.2 Hrletqirt.
3 o
WA 3 o EE s EA Cr W&ol GO 5
mU/mlo)|A 8.74+0.5%, 10 mU/mlo]A 14.4+£2.9
%, 15 mU/mlo]A] 32.3+2.9%, 20 mU/miojA
55.5+0.3%, 30 mU/mlo|x 67.8+£0.9%% GO
15 mU/ml ojAollA th=Fe] 9.6 £0.7%l Hldto
So5lA 718t (P<0.05 ; n=6), o4 0.5
mM L-NMMA & 3wlstoie odgko] gifict.

INF-y 500 U/ml, TNF-a 150 U/ml, LPS 1 g
/ml& wiokdo)] Hrisle] 24A1% BaA] wigd
nitrite 57} 3.9+0.3 M2 FUksigen, ol
L-NMMA 0.5 mM¢& #7818 0.2+0.1 u1 M= §
o}sHl JAIE A (p<0.05 ; n=6). INF-7, TNF-
@, LPS #A=3% GOl 9§ “Cr &< L-NMMA
e 9%e 74 4gt

GO 20 mU/ml9) <j3t *Cr &o] SNAP 100
uMse] 3l a3 222 A3 JAsded,
SNP, potassiumb ferrocyanide, potassium fer-
ricyanide §2] 7= 9go] it

Hanks' balanced salt solution(HBSS) 9}
SNAP 100 uM=z Be| 4A17F $<F nitrite”} 23,0
+1.0 M F== £33 oY, SNPE 1 mMojA
X nitriteZ} A2 EA 9¥gir).

SNAP& HBSS e GO7t lslSFAE AIRE
73} uhe} szl d&ol gt
3 E:
AgHoe AvAEG WM EgA GOl 2std
s sleag A &4 opldtglen,
NO 2189 SNAPoz#H #3€ 994 NO7t
ABHA &4 WA o] KEade NO & 5
ol o rFgAdol AAbET). wlebd] BAW #73
o we} 94 NOZF oM Ee] tig 33iA] &4
d B3 ¥t d& 4 Avkn FRZ Ao
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