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Background : Nitric oxide(NO) is an endolgenously 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 endogenous NO production was evaluated in oxidant-induced endothelial
injury.

Method : The oxidant injury in cultured rat lung microvascular endothelial cells(tRLMVC) was induced by
hydrogen peroxide generated from glucose oxidase(GO). Cell injury was evaluated by ®chromium(*Cr) release
technique. 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 in-
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creased endogenous NO production induced by combined stimulation with interferon-y (INF-7), 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 : 5Cr release was 8.7 +0.5% in GO 5 mU/ml, 144 +2.9% in GO 10 mU/m), 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-(150 U/ml) and LPS(1 ug/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-a@and LPS.

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 zM from 100 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)
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£4, interleukin-1, £% =A}IZ}(tumor necro-
sis factor), AW A3}zl (platelet activating
factor), interleukin-6, interleukin-8 %2} €24
AFEHo] F7tE] Qlon WEAT} olF Bl &
& AT, S ETFEY FEIAA 337)
F7HEA ol cisiHle] XA (priming) Hol @
23l= superoxides} it BHPA e
myeloperoxidase 3} 2}&3hod #H|&AHE of7]|FCH,
obge] WIMEE AEAE BAY shsAel o
WEA, HE2d dAAE A3 33T Fol
WM EojA xanthine dehydrogenase”} xanthine
oxidase(X0)2 HYHTE 213¢ = o). &4k
< W 2Es XO& F&s8h =i, o] X027t 3y
e A7) WA EY Rasle &4 YsiAY &
79 FYUE F=2 5 U EEPAAM e E A
2 ¥rgrle oMM U X07 e s
of B3}, Ade A3, d4F, ASY T oY
o] Y3 AT},

o WaMEelE FA4Y A48l AAE S (con-
stitutive nitric oxide synthase : cNOS) 8lol= $
W Abzlad A EA (inducible NOS @ iNOS)7)
B5 Aot g0, INOSE diAjMxe] 7
£ WE2A, interferon-y, tumor necrosis factor-a
T AFd] oate] A3} HHO, cNOSEHT} P&
el NOE AT A&3ez PAsd, AL,
I, 718%F, FHHNE T Ay JAZe A4
wo] 71e] stz Agdivkn G HG.

NO$} superoxidev ¥3] A3lar4-8 ztm glon
o]g¢] ¥hROZ  peroxynitrite7t AAEI
peroxynitriteo| A 7§t At3}A|Q1 hydroxyl7|7} A
A€ F Au”. @ YA NO BA4E ==
3= cytokinesst EF4 "i/EHS EF UM E
A4 XOeoll 2] superoxide HAE gt W
Az F2ET 35T 94 thFe] superoxided
wEE. a8 B 44" NOE #igatg, o
EZ=dgo}l £F 94, DNA E4 ¢ A5y 5= ¢
=4 ol &Fe] YF¥ol NOS superoxide 22 €]

A4 ¥ peroxynitrite7} @o{Hct®. NO2} superox-
idee] v[7} 1: 10]® peroxynitrite7} AFAIEo} =]
A =2} (lipid peroxidation) & {2skx9, NO7}
superoxide Hr} $o¥ 935)8 peroxyl radical®
A3t A Bl E A £E YTy,

FEdolv Held &4e] Ayl NOE =3 &
A& 278 AY A £= U, NOE 4417
Aut L-arginine 2.2 W4 NO A48 234|717
AY FE9 HolM AstAlo] 2% ¥y &4 Za
Al g A0 G4 ZHSE ZHTA A
&Aool 8¢ 7170 A%9] NOE AT 9
ARHs Y Alde] FEAE FBAFIAY P3A)
Z 7FsAel AeA oo} fA1e =7e] AEW Uiy
HE FEA 28Rz BrMe Weol Aot

2 d7dME NO FAENAM AF=Ee U4
NO7} oM Ee] 434 oA o Agg 3h=
2] ZARILRL stgct. AbstAlel o)@ ¥t W
A oYY WA X aEEAE AR
glucose oxidase g Fo&}e] o}7|A)7]1 ©]& ®'chro-
mium(®Cr) W&% #7302 Hrisisch. Ao
o ¥y HIHEe] &4l 91914 NO7} mlxje
G2 NO &<l S-nitroso-N-acetyl-penicilla-
mine &2 sodium nitroprusside & AF3}#)|¢} EAloj
Foste] QriEigict. AbsAle)] o3 siEe WaAE
o] &4 Wi NO A7} vzl 98-S NOS 2
3491 N-monomethyl-L-arginine(L-NMMA )&
F7tsled Hrpstc.

chet N Uy
1. Mixulel

WA HojEE WM E(rat lung microvascular
endothelial cell) & microcarrier beads& o]&-3}o
22§ AL Relidtm John R. Michaeli4=(Salt
Lake City, Utah, USA)2 5§ #3290t} o] 4]
= 3% €u7 9 WA @3 ZoHE (cobble-
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stone) ¥ejolx, Al VA <A} o] EA9} acety-
lated low density lipoproteins J3 & WoAxY&
#2138 cHb. uiek vl2)&= 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 zg /ml, gentamicin 20
pg/ml)& ARS8t 5% ollstRtAE BES 4Y
37%9] g2 uwjgrlelA w3ttt MEE trypsin
2 HAE M-SR &3 AlE Z37] (scraper) 2
Zste] Ao wjgFEFAct.

2. Absd| MiZe

WA Ao E8 JIAIESE 6 well platesfAl 70-
80% &HAUE © *Cr& 1 xCi/ml FH/E NE
vl gl Lz} welld 1.5 ml2 16-18 A7t #A](label)
AlZ]l % phenol red H}g-¥ Hanks’ balanced salt
solution(HBSS)Z 33] Al&3lyct. Glucose oxi-
dase(GO) 5-30 mU/ml7} &% HBSSE 7} well
o 2 mld ARBe A2 ARF F3AE FA%D
AXE 0.1 N NaOHZ =3)5}e] ztz}& gamma
counter(A5530 : Packard Instrument, Downers
Grove, IL, US.A.) 2 WALGS SA3 & Cr W&
FE (A39)/(AF+HNB)R AAtEe HAE
2 B, GOE A E &48 dordA, =
Alslaat sl B3E o] §43% HBSS= A3
of A &4 A e J3E FESA

3. NO 3oi@2| &0}

Al &84 AE 952 RE A" NO9 4%
& ZAREA NO Fog2 22" S-nitroso-N-
acetylpenicillamine(SNAP), sodium nitroprus-
side(SNP)& #A3}9a1, SNP¢] tjzzFo g2 SNP
o FzH o2 5% cyanideE 7MoY NOgt 7
#3t potassium ferrocyanide 22 potassium
ferricyanide & F<I3}%c}.

4. Liold NO x| S NO synthase X}3off 2|t
NO 44 Hil

A3 &2 YA NO A4 oAle] 3= NOS
A A1) L-NMMAE 0.5 mM=2 A8l Hr}s)
9v}. Rat recombinant interferon-y (INF-7y:
Gibco BRL, Grand Island, New York, U.S.A.)
500 U/ml, human recombinant tumor necrosis
factor-a (TNF-a : Genzyme, Cambridge, Massa-
chusetts, U.S.A.) 150 U/ml, E. coli serotype
0128 : B12 lipopolysaccharide (LPS : Sigma
Chemical, St. Louis, Missouri, U.S.A.) 1 zg/ml
& FAlo Foisle] INOSof 2§t NO AL #3283t
i olo] thgk GO2t L-NMMA %o F3t: ZAls}
k.

5. Nitrite &7Joi| 2i3t NO Y& |

NO FHEZHFE NO WEA-F-¢ INOSE A=8te
NO #Ae] HeXE nitrite = F3F02 Hr131Y
t}. AALEL 96 well plated)] W1 30% =4 & 1
% sulfanilamide €993} 60% =4+ % 0.1% N-
(1-naphthyl) ethylenediamine dihydrochloride 8-
Ag ztzt 1:1 EFE Greiss reagentE ¥71381o
w28 2l 0 7] ¥ microplate reader(MR700 :
Dynatech Laboratories, Chantilly, VA, US.A.)
2 570 nmollA ER=E FHsYoH, ol& sodi-
um nitrite& 715t 4L FFEF4HY FF=9 df
Z3o 24 nitrite =8 ZAAUT}S.

6. Glucose oxidaseof 2i#t ajAsja M &%

HBSSolX GOo| of# Haskeart A4se I3t
GO7} SNAPo] elsje) o] oi%8 Hs)
glse], IAkskrEA €8 GO 20 mU/ml €40
SNAP 100 4 M #% %& 94 siuld e Wy
E 4% AH2 3P Fuses S pH
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7.0, 100 mM potassium phosphate bufferd]] type
II horseradish peroxidase(200 purpurogallin U/
mg) 25 U/ml, 4-aminoantipyrene 1.875 mM,
phenol 137.5 mM %o #4€ 8- 0.8 mis} 0.2
mle] ZHAAE H7}¥}3n  spectrophotometer(DU-
80 : Beckman Instruments, Inc., Palo Alto, CA,
US.A)E 510 nmojA E2=E 233 ¥ molar
extinction coefficient& 6.58 mM™'cm™' & 3} A
AT,

7. BAH A

A9EE YT + FEUAE FAEYL, EAH &
o A8 ¥A4HE-M (analysis of variance : ANOVA)
9 Student unpaired t-test2 ZAsYC}. e 4
o] BAoA P gk 0.05 njyigl A4 #-olF Ao}
Je Aoz A3t

4 o
1. GOoji 2i#t £4ojM L-NMMA 2| St

WA 9 el EE XA GO9 =g 0-30
mU/ml2 4A2F §<¢ AAA] SCr H&o] GO 5
mU/mlol|A] 8.7+0.5%, 10 mU/mldlA 14.4 +2.9
%, 15 mU/miollA 32.3+£2.9%, 20 mU/mlo}y
55.5+0.3%, 30 mU/mlolA] 67.8+0.9%= GO
15 mU/ml olAtoll A ti=2e] 9.6 £0.7% ¢ v]3ld
fo3tA Z7HIUHP<0.05 ; n=6). o] Al &
A& 0.1-1 mMe] L-NMMAE 78l g3fo]
gisicH(Fig. 1).

2. NO 44 xi=9| J&
INF-7 500 U/ml, TNF- 150 U/ml, LPS 1ug/

mlg wiglo] Hrlsle 2417 AHA wigd F
nitrite %7} 3.9+0.3 Mg A4 ujEs, INF-y

50+ B8 o

O co+nmmia

Chromium Release (%)
i

10 20
GO (mU/mi)

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/m), TNF-e 150 U/m], LPS 1 ug/mlo} L
-NMMA 0.5 mM& 371818 nitrite 57} 0.2+
0.1 yMZ F2J3HA HA=E e (p<0.05 ; n=6),
FXAF3 L-NMMA 0.5 mMZAE nitrite7}
A&3)A st (Fig. 2A). INF-y 500 U/ml, TNF
-@150 U/ml, LPS 1 pg/ml 24A17F A% GO
10 mU/mlg op7|§ ME&EAdo] L-NMMA 0.5
mM H7jell =] ekgici(Fig. 2B).

3. NO-Zotiisodium nitroprusside(SNP) % S-ni-
troso-N-acetyl-penicillamine (SNAP) 2| 248}

Cr W&ol U=F 83+0.8%°) wHlald GO 20
mU/mlej|A] 55.0+2.8%, GO+SNP 100 uModjA
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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
HBSS 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 Ryan’s
media containing interferon-y 500 U/ml,
tumor necrosis factor-a 150 U/ml and
lipopolysaccharide 1uxg/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 + SNPpitii:

GO + K ferrocyanate

GO + K ferricyanate -

Chromium Release (%)

Fig. 3. Effect of 1004 M S-nitroso-N-acetyl-
penicillamine(SNAP), 100 zM sodium
nitroprusside(SNP), 100 x#M potassi-
um ferrocyanate(K ferrocyanate) and
100 uzM 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 foJ3lA 71 W (p<0.05 ; n=
6), GO+SNAP 100 uMolA 9.8+0.7% 2 di=
3 T4 £Eo 2 GO Y3l R-o&A Zast
AH(p<0.01 ; n=6). SNP9] tjzFo2 NO 4
%o] H=A| oW SNPe} 7xHo2 diF¥ cya-
nide +3& 7bd E3& 244 GOd 71§ GO+
potassium ferrocyanide 100 ©M 2 GO+ potassi-
um ferricyanide 100 M GO<t zol7} it
(Fig. 3). SNP 100 «M, SNAP 100 M, potassi-
um ferrocyanide 100 xM, potassium fer-
ricyanide 100 zM 5 GO gl¢] @5 o4 diz=z
AAE S'Cr o] FAX dEZ3H 207} i

4. SNAP &x2} AlZt Zojo| & nitite S

Age)A HBSSO 314171 SNAP #8438 A4
37% 5% CO. %L uigriolAl 4 A3 AHAD ¥

= 1270 —



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

A B
257 30~ -
20 -~
< =
3 3,
S’
154 °
> =
et A
& =
=l
= 104 2
z 10-
5
0 T i... .'.. .' 0 T } : :
0 30 50 100 0 15 min 1 HR 4 HR
SNAP (uM) 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 zM) was added to HBSS for 4
hours. In time-response experiments, SNAP 100 z M was incubated for 15 minutes to 4
hours. SNAP solutions in HBSS were incubated at 37°C and 5% CO,.

H202 (M)

Time (hour)

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(100x M) or rat lung
microvasculature endothelial cells. Values
are means+SD ; n=6 for each condition.
*p<0.05 vs. GO or GO+SNAP.

&4% nitritels %7} SNAP 20 yM9A 10.0+0.4
uM, 30 uMojAl 10.3+£0.2 uM, 50 uMeIA 12.
8+0.9 uM, 100 uMojrx 23.0+1.0 Moz

SNAP ¥=7} 271l we} nitrite 557} A3
o w®gleg fogA FIHEATH(p<0.01 ; n=6)
(Fig. 4A). SNAP 100 uM& A|g8ollA] 158 - 4
AlRE ABF nitrite§ FFA] A7 Aol w} f9)
3 F71EE |#sgich(Fig. 4B). SNP 100-
1,000 zM Ao H = nitrite7} &4 43 WA
Aol =4 At

5. SNAP 92 GOoj| 28t apisias 4y

HBSS%¢) GO 20 mU/mlo] slsiel AAE B8
Fa FEIF 1589 16+3 uM, 1AZH)] 127+3
uM, 2A310]] 223 +8 uM, 3A1Ze 302+14 pM,
AN 34227 uME ATt B e} fosiA)
Z7kaiglon, old) 100 uMs] SNAPE 27}34a)
= fo@ 2oy} IATH(p>0.05 ; n=6) (Fig. 5).
WA dolEE WHHE EXto] A3 HBSS
%9 GO 20 mU/mlo)| 9|5} BAE 2Isra ¥
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T 1580 33+3 uM, 1A)70 101+4 M, 2
AlZbell 126£7 uM, 31709 1341 uM, 4A7F
o 137+£2 uM Fo= ol 100 uMe] SNAPE
F7lst = zo)7} gl o.M (p>0.05 ; n=6), Azt
Rt W& Z7bt 2A17 olfdle ME} Qe A
Sof  mEle]  {oEiAl  WATHp<0.01 ; n=6)
(Fig. 5).

I %

HEFP &3 o 34 A 3 34 58529
ZFoMe HES WM E 4 33579 F32E
o] ¥elolA oi- Fg3lrti &HA deeh, 48 F
EollA B 843l o #H<&4do] superoxide
dismutase, catalase, deferoxamine T 9J&l] 7}
2HY, §4 3F2 FFT Wt WA= 371 F
of FAsled =t F7HEAR, @Ake] EHA
i z79] Ao vigte] A A4 S50 Ma
o, # ¥ N9 glutathione F =7} ZHAaEo] QUoih.
NOS ZgAle] Rz HjEZAH a3 AUAE
2y A 4 Utk B9t Qe vhE #H<Ego]
U APFE] AFEe] M £ e T 45E
Ba) Qo0 U Ead] o8 &3 9 FA HEY
oA F2 YuHE, g8 2, WET T INOS
7} ZR1=0] ko] NO7t wasoz dagygs) 4
gglo] e, TEY WS4 &£39 HEF A
diA] NOS Z3gA|l L-NMMA 4% Fod2 e
Aol dg 8¢ vhga "gto] HEHUGE 'Y,
NO7} st} B WHA &304 NOS 2]
oz dgte] AAstEHE 334 a3t e v,
e WA EAA NO Aol Zastez HEFe}
dae] N EH HE F3 L &0 AAFHA
oot HAE Y &gl Friste s 37V THe
o] k. A UlelMe NOZF HEME Byt of
Yzt 3ET, 4w A= dF%E 1A L-
NMMA 52| ditke NOS 237l Me4de] J=
ztol= QA INOSS} cNOSE #H JAlstzz n|

A AF=E 933l Y7E AN 233
- WM E cNOS, A-&A7A19] vol=gdalA
HZAAG AAHE Foll A FF Fol = A
A = ol Fo] oY},

AET 349 3FTT FF2ANA NO §¢o= 5
T 2T ALGLEEE NHAE 4 Sl @]
7t HA g F9le] dXas NOJF FUsHA @
WA 7071 3§ H¥2 NO7 dY3og 4y
o] 21 2-9l0] ¥3g F=r gAgslo ¥ §uF B
¥l MAMFH HiFuto] ZadT) ey Al
me} £ Y AT A ol NO Flof ol
g gHsty 4 3F Al o E 97t 9o, ¢
Ao 2 NO {4 HFUto] & 75 ¥hg-o]
R 111 S

NO 4A4& NO 4ksHiHE-2] nitrite(NO;” )¢} ni-
trate(NO; ) & FAsl ¥ il 4 9l
o} dHeA= NOOA nitritert BAJEH F P44
9} wre-3la] nitrate2 A&3] ABVEHAT, ¥,
|94, ultrafitrate S04 NO7} nitrite2 At3}g
F ABAIE R Holy] uiel AEujz|eA NO A
g #Rlel nitrite F30.2 FEscH. 18n @&
buffer &)+ nitrite’} g NO £33 AH&o|
¥, Nitratex ZA| 9] E. coli nitrate reductase
& A2jsle] nitrite2 FUAAM HANHY & ni-
triteg 2X3}3, AA| nitrite®} nitrate’} 4 =
AE Z nitritegkollA E. coli nitrate reductase #
Aglol FAE nitriteE Wi WAooz ZHFC)
Buffer 8-<fof] thill o] glo® NO ¥igt7|= 47}
Cig=

NO9 ®zlgde 2 mMUd oA w7t 1
Z ulgtelt}. ARl oK}t 1,000-200,0004)
34E A2 NO7l R FEdAM= g7} oi¢
Zold A, ]1FE NO9 Ay Hdl =& ol
] 8ol 93 4 1 Mo|H guanylate cyclase& ¥
43N 4 Qe AA Fxe 5 nMoz ¥ Uy
AEE ole] 10-408)s] NOE 448 % ik NO
5 nMe] REA7IE T0AI1e 2. QldFe=
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NO& F3h= A& NO7} micromole 304 4
F2t FEEE= AFo|ro,

NO7} #dE A8olM NO7F 1 &4 Algto)] &
i ¥hgAe] o} Sl ME 54 YoFria MY
o A7 o, AN A 2 A we
NO F=EolMe 2 whgAolud SAo] 4 Jrpo,
AL BHlolA NOol 2@ #718 #zle) Agh=
Abdol o Adsiel 1 whg-go] A9 g, 4
A Beld Jeelyes ¥ HWMEcA NOs}
superoxideZ’} 2% AAE=dl NO7} superoxide
Hrt 2-3uf Bo] YAETUO. 2a EAsiolH NO
© B9E8 443 nitrite} €. NOE super-
oxide®} 73] yhg-3to] peroxynitriter} A 5n
o]¢] protonated forme] hydroxyl7}¢} nitrite=
e 4+ 2ok NO7k #ospd 23] peroxyl
radical & YA 3te] XA JAHE AAY % Q)
‘;}_9.19. 20)'

Fspane] o MESNL A o)EA J)Ho] B
oo, Basleas e B4 ferryl o]
<, perferryl ©]&, ferrous-dioxygen-ferric com-
plex 3-& B30 olo] ojalo] Ak hrizro] Ay
33 AW E21e) A7) ok7lgtt. NOs He) ut
$74°] v F&6 NOJ} oj2ld 3 ¥y whgg A
Y 7FsAdol AlAbE QI .

NO7} 43lAl 48 o8} & g8z o
BAsE A 9] F/9 %, NO HAE, Arsbale)
NOZ} B 5ty Z4 L AX B4, 23&
dol oblsle FE A8, A3-81 874, Ax
o] gAY NO &40 dish 244 5 334 29
ol M2 AR U}*-», o)A Bsix|gt 7)A
eyt 234 Sl NO7E B3aeg 3l 713
< A oA A3A A4 A9} olo] mE =)A
3} A, HETF {33 @S] ), 932
% A B4 @, w2 g9y 2, A
ESA wiHEde] £u) A, MZY GMP 3
ol ARG, JlE B BFHNA GO
oF H¥d F44 Z20] NO 24 ppm Foz o

Ad 5 AUtk o) Jglen o= 4 3§
=Y F¥TIM B BFHoz FYAIE $39
NO &3lo] si&ag 3 45 e A7] 42
oM d¥Hoz Qg Aoju}.

€ d7A L-NMMA <] a2 Uy NOAA
& JABAT GOoll A% sl wlsf AbsiA)
&l G¥el el (Fig. 1, 2), o= WA NO
o] 4ol HolM BIANE Jebhd 5 gAY A
3 &doz Ui NOAAel Astely] He
7Fs4de] Qlch. SNAPo] GO9j o]& ahakelsas A
ez op|AFle AshAl &3¢ NE3xg SNP
T HZasst gIdch(Fig. 3). SNPE NO W&
2 g2 oy} thiol#} wrgajojol cyanided 33}
T NOE Hadoh™. YU 7)o B8 A7)
M NO BaAl2 83k 2497 o, A2
Y dToME sjgdol} Aol ALgH gdgo
oA NO &0} glAY NO9t BAlgio] SNP =)
7t 3 NOst fA1R 28-8 B¥s7Y NOst =g
@ 71et avE G A9rE AL o) o HA
o Fe]g agcH®, v SNAPL Zestn $4:3
NO Fo EHojr}'®. SNAPL O=N-SCMe,CH
(NHR)CO.He] Fz4oz $Z88)(homolytic
cleavage)ol ojsle] NOE *}a3}9A thiyl gujz
o] A= thiyl 2jg& Al N-acetylpeni-
cillamine disulfide7} o] HARALH, & o7
A NO W&g nitrite 3302 Hrlsigsy)
SNAP& Fxs} ARt Zald] W} NOE W&l
(Fig. 4A, B), SNP& HBSSo|A 1 mM7}=]¢ =
E2% nitrite o] 24 b5 Weld njgEiy
th. W} SNAPS] Hezd= NO B2 583 o
o] A 7 & oA 8lska).

GOx glucosed 7|4z 2lo] U528 BA
&hzH] SNAP2] ¥7ke o8 AsialA] Qston, A
7 ¥ Qo HAEE L0t MR FAL
iAot & ol oile] A%} Hog 1 Fre)
3717} @89 o] 9] SNAPS 3712 g%e
LA g¥o} SNAPe] BE a3} GOoJ ot ahe}
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T4 AAE dAlshs o] FHIE AU
(Fig. 5).

AgH o2 FuHEH WIAIZAA GOl 2je
AAREE ke AE A 48 oprlEien,
NO #4E<ql SNAPcgXRH AFd 2U4 NO7t
284 &AL WAE AL o] HEaY= NO W& 5
2ol o 7HsAe] AR webA AW 873
o wa} 9l NO7F WimjMEel] g AdshA] &4
J B3 &It & F vk F3Er

8 %

HTHHA -

NOE AAHdAM AY=EE fal werlzs 3 2
Azl &3}, A% &3 AA, W ANz o
T uEy 4% ual), 29 i 5 Wol FolA
203 98 . NOE #Ao] F<(transition
metal), At4, 718} ¥hg7] B3 A wgdtnz o
2 AW ol Bojste] AshAl 48 FA7|A
U 7r2A12 shsAe] AlZ|EG 34 #Ed R F
A 3ETH F3 TN 88 HWoAE % 35T
o] Auztg 2 A3A| &4g0] wj e F8F Wl
oelA olon, NOE 34 ZHZE F32AM &
st @3k AL AsHAlY o EE HIME
&M 2R eRe NOE Fgshs dgelt. &
A= 9l NO9 Fovt W4 NO 9474
AgHAe] g AulA PR WHAlEe] £48 oFsHA
FIAY S5A2 F dexE S

g 8!

AsHAle] o Al XSS WA sugEE dIAE
d keSS AAEHE glucose oxidase(GO) &
Eoj3le] of7]Al7]2 o] *Cr W& Ao HUlst
gt AstAlo] o7 ABE WME &4 9
A NO7I vjdle 932 NO FoERQl SNAP &2
SNPE AtsiAiel FAlo) Foiste Hrpstoict. b3t
Aol o @Y WAz &4 Widy NO o
A7} BlX= P8k NOS 4&#¢l L-NMMA & 3

7t2 Fosle gr71siact. INF-y, TNF-o LPS &
o2 Ul NO 44E 3¢ F L-NMMAS &
T gAsHen, NO Fo8olu UM ER #H
9] NOAIA}-& nitrite &30 2 Hr}sl4ct.

4 I

WA g oAEY WA ENA “Cr BEo] GO 5
mU/mlo}jA 8.7 +0.5%, 10 mU/mlo|A 14.4+2.9
%, 15 mU/mlojA] 32.3+2.9%, 20 mU/mlellA
55.5+0.3%, 30 mU/mlolx 67.8+£09%= GO
15 mU/ml oA A} =72l 9.6 £0.7 %l vt
98 Z7bet e (P<0.05 ; n=6), ol 0.5
mM L-NMMA & 3713l g&e] It

INF-y 500 U/ml, TNF-e 150 U/ml, LPS 1 ug
/mlg wiko] Hriste] 24413 AAA] viFY F
nitrite 557} 3.9+0.3 p M= Z7}s19e0, old
L-NMMA 0.5 mM$& 37514 0.2+0.1 4 M2 &
oJ5iAl AAHAHp<0.05 ; n=6). INF-y, TNF-
o, LPS =% GOd €% %Cr W&o L-NMMA
= 9% 72 a

GO 20 mU/mld| &% *Cr ¥&°] SNAP 100
uMe] 712 dizi o2 PA3] JAHU Y,
SNP, potassium ferrocyanide, potassium fer-
ricyanide 9] 37H= 9dgko] fiic).

Hanks’ balanced salt solution(HBSS) %9
SNAP 100 uM= RE 443t F<t nitrite7} 23.0
+1.0 xM =g Z35%lou, SNPE 1 mMojlA
% nitrite7} Z&5A g9t

SNAP& HBSS %2 GO7}l 3Mg¢Ag At
7ol whet sl Gl -

2 8

Agdoz WrHEFE WIAIEdM GOl 23l
BAEE BAslrEas ASHA 48 obrlsgen,
NO Zo{E<Ql SNAPo2XE AFd 24 NO7}
A3 4L WAL o] 3 ad= NO & 5
goll 2% shsAel AMAERITh ek BAY 873
o wa} 2’14 NO7L WAl gt F3tAl &4
o 2% azzt dg + Aok FHEG
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