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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 inpjury 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 endogenous NO production was evaluated in oxdant-induced endothebal
LUy,

Method : The oxidant injury in cultured rat lung microvascular endothelial cells(RLMVC) was induced by
hydrogen peroxide generated from glucose oadase{GO). Cell injury was evaluated by *chromium(™Cr) release
technigque. NO donor, such as S-nitroso-N-acetylpenicillamine(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 irv
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creased endogenous NO production induced by combined stimulation with interferon-y (INF-y), tumor necrosis
factor-a (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 +29% 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 ug /ml) for 24 hours ; it was sigrificantly 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 LP5.

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

Nitrite accumulation was 23+ 1.0 ¢ M from 100 4 M SNAP at 4 hours in phenol red free Hanks' balanced
salt solutior. Butl 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. {Tuberculoss

and Respratory Diseases 1998, 45 © 1265-1276)
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23 interleukin-1, &=k Dalglab{(tumor necro-
sis factor), 4% gAzigla}b(platelet activating
factor), interleukin-6, interleukin-8 52| g34
ASE A ZriEle] gloy UE47) o) R4 #
2l &g, F4 ZHFEER FFIANM 2FF
Z7i=lwia] ol el HA R (priming) =] @
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ol2e] Wodaxe AEAE 48 Heie] 2ich
WEA, WELd #HHasle] aAlaws 537 Fo
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Ha szl 48 AshE A FEEAS (con
stitutive nitric oxide synthase | cNOS) &jo|= &
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superoxide BT} Se 2&# peroxyl radical &
HAdlad 2)d DbElE A = 2o,

Dol Wiy 4o A9 NO= =3 &
Ahg HAEHU A 2 gt NOE §94417]
M} L-arginine .2 Hg14d NO 442 &74])7]|H
AR FE2] A dape) o @y &g Th
Al g oglchr ', F4 FFSTE FETANM A3
&ato] Fa# 7lAedd A%e] NOF A F4
A Rshe 44 Age] #Hitg oElAl 7| Hu el
U Fhssdel dea] olet falgh =712 #HES Jig
HZ 24 dgaez Frrg dart o

¥ dFelM= NO oA AFEHe &4
NO7} ol dze] sals] Eabefa] ofE &G &=
2] zAbsa) by, AbERAe] oF MlEEE W
A #HAujdEs AR FlEsisea s B4Ee
glucose oxidase S Fofdled epr|A]7|3 o] & Ychro-
mium("Cr) W& SHo g HrpElgo). alaq
olF g EHEe] Sl 21714 NO7L njals
adeke NO &% S-nitroso-MN-acetyl-penicilla-
mine £& sodium nitroprusside® 2k&hal| g} F4]e
Todgle] Hrlstedch s o F A ET HEHAE
2] gxatef] Walad NO 2j#7} v]a)= d4ke NOS 2
el N-monomethyl-L-arginine{L-NMMA )&
F7hebe] HH7hslch

chak o uy
1. M| ZsH2

wia #ojdlE8 Yo F (rat lung microvascular
endothelial cell)*= microcarrier beads& o|&38}a]
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stone) Fefo[sr, | v ¢z} #}gle] EA9} acety-
lated low density lipoproteins 32 HaH£9&
el it vi=l= Ryan's red medium(M-
199 medium, 6.7% bovine calf serum, 3.3% fetal
bovine serum, 107° M thymidine, penicillin 60
units/ml, streptomycin 60 gg /ml, gentamicin 20
pg /ml) & AREEled 5% o|MEletAE gk 44
37=9] g2 ajkrldl M wieksieich MlZe trypsin
e LS AHEEE] o M X ERP|(scraper) 2
gajste] Ad| v FEtsict.

2, hatd| MEEY

W] HulfE HeldEl 6 well platee]s] 70-
80% H¢Eds o “Cr& 1 pCi/ml #H54 MA=E
kel & 2F well'd 1.5 ml= 16-18 A7+ H2|(label)
A1F1 % phenol red v|§h Hanks' balanced salt
solution(HBS5) &2 33 A #alct. Glucose oxi-
dase(G0O) 5-30 mU/ml7} 55 HBSSS 7} well
o 2 ml¥ Ma|&e] 4417 Aoy AERE pHEk
MEsE 0.1 N NaOH=z #3)3le z}2}8 gamma
counter{ A5530 : Packard Instrument, Downers
Grove, [L, US.A.) 2 2GRS 3§ F YCr W&
FE (439)/(ded+ HE)E At HAE
2 #d3En". GOR HE &48 do7d, =
Abetaal ke EEE o] §i% HBSSE A A3}
of A S]] v]als gie FEskedch

3. NO 2E2 axf

g &4 AE 22 5E AT NOs=| 9%
& ARkt NO 3oE82 9243 S-nitroso-N-
acetylpenicillamine(SNAP), sodium nitroprus-
side(SNP )& #za|glgx, SNPe] dizzo s SNP
2t 3o g 59 cyanded 7l o) NOsE 5
¥t potassium ferrocyanide &2  potassium
ferricyanide & Fof&}9ic).

4. L2l NO x| % NO synthase Xi=of 2offt
NO 44 7

AbshA f=akA] Wil NO 44 =i42) fzb= NOS
Al L-NMMAE 0.5 mM2 # a8k Er}al
@k Rat recombinant interferon-y (INF-v:
Gibco BRL, Grand Island, New York, US.A.)
500 U/ml, human recombinant tumor necrosis
factor-a (TNF-& : Genzyme, Cambridge, Massa-
chusetts, U.S.A.) 150 U/ml, E. coli serolype
0128 : B12 lipopolysaccharide (LPS : Sigma
Chemical, St. Louis, Missouri, US.A.) 1 pg/ml
5 FAlel Foigle] iINOSe] 23 NO 448 fuds)
ar oo f¥k GO=} L-NMMA 5o f3z 3A)s)
St

5. Nitrite 3o 2§ NO 9EE o}

NO FoZ25%EH NO W& #4579 INOSE A=3]a
NO 44e] 5l=2& nitrite 5= 24 o g Hrlas
o} FHAHER 96 well plates] Wi 30% 241 3 1
% sulfanilamide £={2} 60% =4 & 0.1% N-
(1-naphthyl) ethylenediamine dihydrochloride &
BE Zhzh 101 E5E Greiss reagentE 3718}
dhaiube o 2l e 71 F microplate reader{ MR700 :
Dynatech Laboratories, Chantilly, VA, US.AL)
2 570 nmellA FHEE SAsigion, °|& sodi-
um nitriteS H7}sle dL FFITHe Fesl o
ZFre 24 nitrite F=F AAsro.

B. Glucose oxidasel 2f MpAtEl4A MM &

HESSef| A GOefl 2% spikslyir) HAse o)
GO7} SNAPH elste] W= off& #4137
giete, spabilrs =EE GO 20 mU/ml S-efe] 4
SNAP 100 ¢ M #5 & 94 siejq g Gl
¥ 75 ez S4stiad. tErd a5 pH
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7.0, 100 mM potassium phosphate buffere]| type
Il horseradish peroxidase(200 purpurogallin U/
mg) 25 U/ml, 4-amincantipyrene 1.875 mM,
phenol 137.5 mM o] §+#¥ &< 0.8 mls} 0.2
ml2] HIME Hr¥ln  spectrophotometer (DU-
80 : Beckman Instruments, Inc., Palo Alto, CA,
US.ADE 510 nmeflAd &FHEE SHT F molar
extinction coefficientE 6.58 mM 'cm™'2 &}aof A
Rt |

7. BHH 24

Agda= He £ RFEHAIR EA8HAL, A #
2]48 B4HEM (analysis of variance | ANOVA)
2 Student unpaired t-test® FAHs ¢ 2E 2
o] Bajola] P gt 0.05 vlgkel A% felft Apol7}
ole zlew #Mstaict.

4 =
1. GOO|| 2/8t EAlolA L-NMMA 2| 7}

w8 o EE YoM ey GO F=E 0-30
mU/ml2 443t gt M4 “Cr @hge] GO 5
mU/mlelA 8.7 £0.5%, 10 mU/mlef|~ 14.4 +£2.9
%. 15 mU/mlef|lA 32.3+£2.9%, 20 mU/mlof+
55.5+0.3%, 30 mU/mlel|4 678+09% =2 GO
15 mU/ml o]l czTe] 9.6 £0.7%¢l |3}
falatd 27 e P<0.05 ; n=6). ¢] X &
Are (L1-1 mM2] L-NMMAE Frjslelxz gtke]
glzick(Fig. 1).

2. NO 44 x=2| A8
INF-7 500 U/ml, TNF-e 150 U/ml, LPS 1ug/

mla vfoklel] E7lshed 2427 Haba] wjksl F
nitrite 57} 3.9+0.3 Mgl Al vFed, INF-y

60+ .
- ko
30+ 8 o
— e
= O o e
S w4
=3 4[}"
E
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E 2014
5]
107 e - =
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Fig. 1. Effect of glucose oxidase (GO) concen-
tration and N-monomethyl-L-arginine
(L-NMMA) on chromium release from
ral 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 + 5D ; n=6 for each con-
dition. *P<20.01 vs. control ; **p<<0.001
vs. control | GO+NMMA | GO with L-
NMMA 0.5 mM.

500 U/ml, TNF-e 150 U/ml, LPS 1 ug /mlef] L
-NMMA 0.5 mM& 3H7}5Pd nitrite =7} 0.2+
0.1 pM=Z F2lsA Yal=sles (p<0.05 } n=6),
2323 L-NMMA 05 mMITelM= nitrite7}
A2 A geich Fig. 2A). INF-y 500 U/ml, TNF
- 150 U/ml, LPS 1 pg/ml 24417} 3 2% GO
10 mU/mlz of7|§F M| Es=4e] L-NMMA 0.5
mM #H7}ef sdghuta) gigich(Fig. 2B).

3. NOZ0{2 sodium nitroprusside(SNP) ! S-ni-
troso-N-acetyl-penicillamine (SNAP) 2| I8

WCr wHEe] o=y 83+£0.8%+< vslg GO 20
mU/ml=l| 4] 55.0+2.8%, GO+SNP 100 uMeA
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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-
um release(B) caused by exposing rat
lung microvasculature endothelial cells
to GO. Cells were exposed for 4 hours to
HESS with or without 10 mU/ml GO.
INF+TNF+LPS : NO production was
stimulated by treating cells for 24 hours
prior to GO experiments with Hyan's
media containing interferon-y 500 U/ml,
tumor necrosis factor-g 150 U/ml and
lipopolysaccharide 1 ug /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 05 mM
NMMA. Values are means+50 ;, n=6
for each condition. *p<<0.05 vs. control,
NMMA or INF+TNF+LPS. **p<(0.05
vs. control, NMMA or without GO.
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GO + K ferrocyanate i
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Fig. 3. Effect of 1004 M S-nitroso-N-acetyl-
penicillamine(SNAFP), 100 #M sodium
nitroprusside(SNP), 100 M potassi-
um ferrocyanate(K ferrocyanate) and
100 4 M potassium ferricyanate(K
ferricyanate) on GO-mediated injury to
rat lung microvasculature endothelial
cells. Cells were exposed for 4 hours to
HESS with 20 mU/ml GO except con-
trol. Values are means+5D; n = 6 for
each condition. *P < 0.001 vs. the oth-
ers except control.

66.5£1.3% & frelahd S7H W (p<0.05 ; n=
6), GO+SNAP 100 pMelM 9.8£0.7% 2 =
T3 e FEos GO visle] folgld Padt
Aol p<0.01 ; n=6). SNP2] di=xFe= NO 4%
o] =2 godA SNPet F=3o g 5§ cya-
nide +3& 7H =8d& 42 GO F71§ GO+
potassium ferrocyanide 100 4M B GO+ potassi-
um ferricyanide 100 pM= GO=} zlelr} glgich
(Fig. 3). SNP 100 M, SNAP 100 u M, potassi-
um ferrocyanide 100 uM, potassium fer-
ricyanide 100 M & GO glo] 9% Fo8 di=3
e “CrwhEe] T3 3 djz=3= zle]7} gl

4. SNAP =52} AlZt Zinjoll W nitite &5

Aol A HBSSo £24417] SNAP 898 44
37= 5% CO.82 wigr]olM 4430 Aoz F

= 1270 —



- The effect of nitric oxide donor or nitric oxide synthase inhibitor on oxidant injury -

j =

Nitrite (pM)

SNAP (uM)

B
30 - —
ﬁ
£
—r 20 4
[+ 1]
&
L -
ot T
= e
[0 =
0 | -:r.'-:~i-:-.-:- B G
0 15 min 1 HR 4 HE
Time

Fig. 4. Effect of SNAP concentration (A) and duration of exposure (B) on nitrite accumulation
in HBSS. In dose-response experiments, SNAP (0-100 x M) 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,.

=—l— @

—— G0« SHAP
-
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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(100u:M) or rat lung
microvasculature endothelial cells. Values
are means + 58D ; n=6 for each condition.
*p<0.05 vs. GO or GO+SNAP.

2% nitrite’3=7F SNAFP 20 pMolH 10.0+0.4
#M, 30 pMeolAd 10.3+0.2 gM, 50 uMslA 12.
8£09 xM, 100 gMelM 23.0+1.0 pMeoz

SNAP 7} 2718 wle} nitrite =7} dl=2
o wlEle folEA EokEcHp<0.01 ; n=6)
(Fig. 4A). SNAP 100 uME 2ol 155 - 4
AIZE FA2FE nitrited SHA] A7 Fdate]] w2t fo
A S71EE #aEtgdch(Fig. 4B). SNP 100-
1,000 uM B-helA= nitrite7t 238 7 HldA
HEo| =2] it

5. SNAP 752} GOof 2fgh mitala4 4

HBSS#2] GO 20 mU/mle 2lale] 4% apita}
T4 =E7F 168 163 uM, 123t 12743
uM, 2A)7tell 223+ 8 uM, 34]7ke] 302 +14 uM,
447 34247 M=z AR FAze]| ol FelEkA
F71Ereed, o« 100 xMs] SNAPE $7}5}
= Fo@ akol7t g1 p>0.05 ; n=6) (Fig. 5).
WA du)H| e WolbE SAsle] Aadql HBSS
9 GO 20 mU/mlo|| 2]gle] Q49 Pt 5
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T 1586 3343 uM, 14170 101 £4 oM, 2
A7t 12647 oM, 347t 134 +1 pM, 447k
of 137+2 pM Se o= 100 xMe] SNAPE
27lae® 2ol7} Yo (p>0.05 3 n=6), A2
A W2 7P 22417 ool MEF} gl A
Fofl  HEe  felslAl SRR (p<0.01 ; n=6)
(Fig. 5).

o E

e a=of o8 94 & 9 94 sEged
F¥FEAMe 8 Wb 8 f5te] AEake
o] WalolA of-f- Fastcn 48 s, 48 F
oM B gl 2§ wslsisdde] superoxide
dismutase, catalase, deferoxamine 5o 2]g}e] 7+
AFE, 9 Zaast S ¥t Jele 2] 2
o] IFEkra BErl FrhEYR, #2he] "3 A
dj=ate] "Hyel v|gle] 2RiEla: A4 S5 wE
w, #EHe] glutathione =7} 2Has]e] glch,
NOS Hede Folz fidFd &390 AHEE
A AlE g dgchs BarPrt ole vbA pdite]
W AHEES] AFEo] F7ME 7= e F ASH
Hazp o W= A el = 5l g4 Tt
oAM F2 HEAHE, H3 83, 9HF Fo iINOS
7t S o] cige] NO7L we s os ey A
Hete] B, FEL WEL a9 HES 87
o4 NOS &9l L-NMMA A% Folz #HY
Al ofF "y whEap gl HEEH AT
NO7} ot M= st se30M NOS Za|
Fojz #glel A4EEE T anrh g vy,
et HejdiEels] NO AB7do] stz W)
HAgte] viAlEdel e #3232 g3c] AAlE A
wot vjAEE &40l SV JEdE SV 7ke
Aol ™. A JellA= NOZF N E ek of
yel W, @40 Ho: gPE oA L-
NMMA S2] vk NOS Zazp defge] =
soli= 91415 iNOSSH cNOSE #7] Aoz v

AEE A =F kel AFE RS =3s)
T WalHEe] eNOS, 22742 vjeh=gdad4y
HiEdy AFEEE Tl digt 9% Feo] Eg=H 4
M Ao o So] oy,

AT o4 THEIT ST NO File= of
T nEUR ASAETE AR ¢ 2l #@9)
7t 57 ke H4le] HERE NO7 s %
MhA g7 kg sl EE NOvl dedo s §F9x
o] 1 592 dye S8 $asing ¥ fr)9G 2
3ol A fFage] g 2y g2l
wpet 2 FYU fAlME B Fo] NO ol of
& "oy 8l 3F Anh o8 A0 slen, o
o2 NO 93 HF3Hede] we 9o ghgo)
Ellt_"iﬂ}tl'& 7. i'i'_lF

NO 443 NO A3HHEg] nitrite(NO; )2} ni-
trate(NO, ) & F3ste] 33 en Hr71g + ¢l
ch. Helef A= NOo|A nitriter} P48 & g
g} ¥HEEk] nitrate 2 4158 AP AT, @A, F
&l ultrafitrate F<l4= NOZ} nitrite 2 2kalg
T AFAE sk He]r] wfiof MEu)x]eflA NO 4
4] #1lofl nitrite 2302 FRECHY. d@T e
buffer £l M= nitrite?} 35 NO 23] 4E2e)
cp'%, Nitrate= a9 E coli nitrate reductase
& Helelo] nirites BLAAM AN 2 ni
trited &350, 44 nitrite2} nitrate?} g9 =
AE F nitriteghel A E. coli nitrate reductase 3
Agle] FHT nitrited #= ez 2HEC,
Buffer <] @¥jdo] glow NOg| ggtrl= 371
FhoH',

NOs| Zahgfe 2 mMele] Sola wi7)7} 1
Z wlgkeloh. AaielAs o]Hoh 1,000-200,000 6
B4 e R NO7L @& ZdMe wzlz)z) of$-
ol 5 gdrh ™. §]EE NO2| A A =& o
| #HEef| 2|3 4 pMe|n guanylate cyclase &
Az 5 e #HA Fhe 5 nMog it o
HEE o9 10-4081¢] NOE 44 4 2tk NO
b nM2] ¥Rtrles 704 ¥ atEe=
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NOE #%lsh= 218 NO7F micromole $2oA 4
F FaEHe A%olg.

NO7F #edle abghela NOZF 1 &3] Alte] &
L ykgAo] wr) dle] HE E4E dofohal sy
T A7 Bou), e A9 g AHue] e
NO FEeMes 2 ghgdet S4o] iy B,
ik Aeidlq NO« of #2718 #3}e] 3=
Ahamef] 2lE Abshel O whgge] A2 diES. A
A d2]d] Adelelde g2 JEAdEeS NOst
superoxide?} 2% A==t NO7} superoxide
Bl 2-3d) ol A, A4 A8l NO
= HolAale] A1£F nitrite?} o}, NOE super-
oxides} 7}28] vhg-dled peroxynitrite7} A4 =
o]g] protonated forme] hydroxyl?]2} nitrite 2
E#l€ + gk NO7b s 23|2] peroxyl
radical & 43 2 d A48 E |4AE =5 2
-|:_'|_9‘.|3.2|}1+

pRitdlpane]] o) F M EEALE H o|EY 7|l &
of @1, FbE A HE 84318 ferryl o
&, perferryl ¢|2, ferrous-dioxygen-ferric com-
plex & 44810 o<l 2ldle] 414 ehrizhe] Wy
&t AW B2k kgt efz|Eoh. NOSE Hef b
g4do] of$ F&e NO7} o]2igh A o vhe-& A
M 7Fs-d ol AAESAE

NOZ} 4bzhd] &4k ofa &2 f3tAHA] o=
AA e AraAe] BRe) ok, NO A48, 4o}
NOZ} A4=e 5y F4 8 HE 54, £3E
Ao eprlEls g Aslr|H, del-gsl 87, Az
o] Ay NO &4 di§ A4 5 584 84
o] M2 PAlstm Ao, o|FA S34EkARt 7] A
Al Abga] A NO7ZF R 3a-8 she 7|3
& H oA 2l A4 A2} ole ofE A I
2} A", WY f-ake) gadsle] wha, HEA e
o]k abalA] A b, vk Ee] gabg Ak, Al
54 oiAEEe £y o4, M2y GMP FH
So] A7\ Eedch®, e B #BRdeA GOdl
ol #dy F3H F2leo] NO 24 ppm FYo=

218 ¢ Sldicke Bzt glglen o= 94 EF
&t FyrodM As 2Fez FHA e e
NO &F3le] vl fhEiAd 5 258 47 5
o dPFHo 2 FeF Zojct.

2 Aol L-NMMA =] Foj2 g NOAA
£ YAglie GOo| 2% pitslgd vfzf el
$abe] dake] glol=d(Fig. 1, 2), o] Yl NO
o] Mdgde] Hojq BHEFENE JeEd 5 gAY
A 4oz g NOABAde] 2=z oiEd
7FsAde] sick. SNAPo| GO« 2|§ apikdpd 4
Moz elpz|A]?le el &48 BEslr|gh SNP
e B ass} glzlck(Fig. 3). SNPx NO w4
2 fejzlent thiols} ¥hgdleo} cyanided freldt
Hi] NOE Hagc. Ay 3zl a8 a7
e NO a2 #gahe 757 glent, M2
et dell e et A ALEE 89
of| 4] NO HEo] glAvh NOst fA|gle] SNP 21
7} A3 NOg} FAME 248 dHabd NOst 78
3 el AvbE 23Ee A9 49 glel 2 EY
o F2|§ afch, yia SNAPE Fdsln &9
NO Fo EZer}'¥, SNAP2 O0=N-5CMe, L H
(NHR)CO,He] F=4og F3F&s)](homolytic
cleavage)ol] 23l NOS wasbdA thiyl gz
o] =3 thiyl 2e3& oA N-acetylpeni-
cillamine disulfidez} =] shslechy, 2 o5t
A NO "8 nitrite 23o7 Hrlsigled
SNAPZ w52} A7t Aol e} NOEF WEstant
(Fig. 4A, B), SNP= HBSS5¢|4 1 mM#l=] 2] =
=2% nitrite &3Fo] 54 e A oI
o}, o2t SNAP2] B3 i3 NO 23 53 o
ol gl& 7Hs4d & o] gelslsict

GO= glucose§ 7|AZE 3o IideiLg 44
k=l SNAP 2| Frh= ol& Asfisla] gsten, Al
¥7F @4 glew AAdse shtabriot Axe] gt
st gl Fof 2lale] 4Awrl EHog 3 pEe
2ok} ¢hElslA]er o] oAl SNAPY 37z dEks
whz] gral SNAP2] B aart GO 2]k vzt

= 1273 —



= J.C. Chang, et al -

T4 44& YHEle o] FaEE B
(Fig. 5).

HEHLE Av|Ed JHMENH GOl 2]d}
Ads= sl Aala)] 2abg ofrlald o,
NO Fol&9 SNAPe 23] AlFd 294 NO7}
EhA E4E ST o] HERTE NO d2 &
Holl 28 7He4de] AAlERIch weks A 8
of met 21204 NOZF oA Ee] g Aaja] <A
of M3 &l & 4 glrka 24,

2 o

Hal

NO+= Aadefx H45E fel vher]zs dn 2
Fee] 23}, a9 23 A=A, g9 JdaM e o
T WET F34 e, Aol die 55 wol SellA
Ta% 98& §}. NOe #eo] S<=(transition
metal), th4x, 7]e} 9b5-7] S5 44 vhEdlog o
e] A vhEof Fojsle] AbEl] £4bE E34]7)H
W Al rheAde] Az|Ege 34 ol 9@ &
4 EFEd ST e WHHE 9 25T
o] 4rFzhg- gl ksl 4de] ol g Fad wgles
@A qlon], NOE 34 ZHEH S524M &
st ARshs AL Ashle 2P @9 WaHx
=delM SFE5E NOE Fudles 48 &
Ao M 2814 NO2] Fedul Wigl4d NO o7}
Aol 2l sle|HES e ze] 438 otsla
14 geta g 5 eleAE BEEid.

4 §:

g ofF A& WA HujqEe JaHz
of zputdlr g A48k glucose oxidase(GO)S
Folshe] of7|A| 7|1 o] F “Cr vl 2302 w73
Ach thstAle] 2)g s EHE YoM ie] S g9l
4 NO7} vj3& 942 NO Foj&9l SNAP 2
SNP& 8 st FAle Foisie] @zlaigc). 28
Al 2fg AET HuHEe] &4kl gl NO o
A|7b vl Ae i NOS Zd4el L-NMMAE

72 Fojdle] Hrlslec), INF-y, TNF-a LPS &
o2 Jeld NO 448 5% &£ L-NMMA=2] &
B PAEE o, NO Foiged Yoldza 2
2] NO4Ae p[tr[te SH o g mHrlEidc],

d o}

WA o wvldED Yo HEA Cr dhde] GO 5
mU/mlof| 4] 8.7 +0.5%, 10 mU/mle)|+] 14.4+2.9
%, 15 mU/mlef|A] 32.3+£2.9%, 20 mU/mlel|4
80.51£0.3%, 30 mU/mlelH 67.8+09%= GO
15 mU/ml e]4deflA djz=32] 9.6 +0.7% <) v]sle
gt Fr1elsles (P<0.05 ; n=6), °l¢ 0.5
mM L-NMMAE F7)3lex =J8ke] gi2ic).

INF-» 500 U/ml, TNF-a 150 U/ml, LPS 1 g
/mlg widde] H7Iale] 24217 72A] wiokey 2
nitrite F=7} 3.9+0.3 p M2 F7slgon], o]q
L-NMMA 0.5 mME #7181 0.24+01 o M2 &
SlFA A= (p<0.05 ; n=6). INF-y, TNF-
o LPS =% GOo| 2]§h “Cr &< L-NMMA
= G%E 4 gt

GO 20 mU/mls] 2] “Cr ub@e] SNAP 100
uMe] F718 27 FFo2 WA A=51o,
SNP, potassium ferrocyanide, potassium fer-
ricyanide 52| $7h= 9ge] glic).

Hanks' balanced salt solution(HBSS) 2]
SNAP 100 uM=2 Y& 44137 F<t nitrite7} 23.0
+1.0 uM g2 3= o}, SNPE= 1 mMei|4
%= nitrite7} Z& 5 7] ggicl.

SNAF& HBSS F2] GOzt spilglsagd A7k
Ao met gl 9] gzl
7 &
dEHog dojdag JuM A GO 2)shed
A= ttgleig kA S48 olrlEiden,
NO Fejg¢ SNAPo2ZHE AFE 2914 NO#}
A &4 RS o] REEF= NO %2 %
Hell 218 7ol Alabsgdct. mhebs Ay @2
o ot 29l NO7F o) ze cfgt 2ala] &4
od B a#rh g 5 dckn Ao
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