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pulmonary function, G-T tract, immune system,
pathogen suppression o4 1 Z8L Wz oty
A vk 2EY oy M FFe] EANG W=
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Nitric Oxide2| &t

A M LA NOAME nitric oxide
synthase(NOS)ell o] Zvolsm <Qla)e] NOS=
AA A7 A= BHE L, brain form®NOS W
= NOS 1), inducible form(iNOS *== NOS 1)
9 endothelial form(eNOS =& NOS Mol A
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Table 1. Cellular distribution of constitutive and
inducible isoforms of nitric oxide synthase

Cell of Origin cNOS  iNOS

platelets +
Lymphocytes

Leukocytes +
Macrophages

Endothelium +
Nascular smooth muscle cells
Endomyocardium

Myocardium

Hepatocytes

e I S

Kupffer cells
Pancreatic islet f-cells +
Neurons +
Glial cells

Nonadrenergic/Noncholinergic Neurons

+
_|_

Gastrointestinal
Pulmonary
Pancreatic

+ 4+ + -

Renal macula densa cells
Carcinoma cells +

cNOS; constitutive nitric oxide synthase
iNOS; inducible nitric oxide synthase
-Kuo PC and Schroeder RA, Ann Surg 221, 1995.-
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o] L-argininee] #+5%zte} vkgd T NOS §
A7l Lcitullinec. = W3gEch g48 NO
= A8Ado] Zot NEeE gA 48 + 3l
ooz AT HER o] FH & glon, AR
Welela & AZhfe] 4baet HbgEle
pitritt 2 nitrateE  §A1 5] At hemoglobino] 1}
superoxides} AT A3 WE S g 8cs

F8 7ZEZ<Q guanylate cyclase@ 4312} cyclic
GMP Z7p2H8-2 BE<T o] 9g ¥ EF ot
Z g9 F8 71de] vk 383 whgAe]
o] & F2 free radical?l NO¥ A}4l4} nitriter}
nitrate @4 & 91§ intermediates] 2HE v} &)
= #Qo] obd A= Wl A adu
a2 #e A F9E NOw o ¢ thdstn Faw
Ae-ged 485 Ydoged 24 A7l e
fre] B FEe] UEs AvRd g9 2o

direct stimulation induction by cytokines
Generator cell | | inhibitors
* *4 - - = _ - )_ glucocorticoids
NO Synthase Type | NO Synthase Type Ii oy
L-arginine _ © L.NMMA
i Nl §---C-Z27ZILNA
L-NAME
L-citrulline NO
{ J
L-cill’U"inB NO - - . Haemoglobin
Superoxide

Target cell

DNA synthesis
citric acid cycle
(aconitase)

guanylate cyclase
cGMP

¢GMP phosphodiesterase

“ _ Methylene blue

Fig. 1. Diagram of the L-graininc-dependent nitric oxide synthase pathway. No itself inhibits DNA synthesis.
Glucocorticoids inhibits NOS 1, and certain L-arginie analogs(L-NMMA, L-NA, L-NAME)inhibits both NOS |
and NOS . Hemoglobin and superoxide inhibits NO, and methylene blue inhibits guanylate cyclase. -Jorens PG,

et al. Eur Respir 1, 6;259, 1993-
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—elg—

aminoguanidine(AMG)e] 734 Z2g 26% #
T ZaA7E AT oz gt 47l L-arginineo
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A FlF AP AP EFEINA X
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lipopolysaccharide(LPS) W 4o 23 dAvl&
< {23l cytokineE(interleukin 18, tumor
necrosis factor a, interferon y )°] #23H 1, o
So] g9 el iNOS(Ca -independent NOS)E ¥
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A2 REA7| 9 constitutive NOSE ¢ 4] 81
Z1eAHe g Fadletd NO7IA] HAsiez
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HETS FEAvth: 3le] 9 AAdHa Q)
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9]  S-methylisothiourea(SMT)} aminoguanidine
AMO)E FAfE W, B4FARHE AR
RoolA iNOS9 dAFE} | w& A& T
Astg o, WildhitsPe Eze [AFAE
ZA &g 4843 Fof iNOS7} A sHA Frtet
qele 2k o 14Uzt A%R Fol A3
FEEE A& #AsAn, o]H 9] iNOSE i+
yol dAAEelN FHshE AL Gedad
T ol 5L ARte AR RN ol &
£ iNOSe| &d & @Al e, o W Foid
SMT7} 449 §5-& dA38 stz
FAAde FAEFE F/ALE Az,
iNOS &4 57}t olo] 2 NOS| gl
27F AHE dAAEe HIAE 1A
(apoptosis) & HEd vk FAH AT o F
AL ER n|Fo] Hol 479 ecNOSE I=E
HESHA INOSTHE ARHoE A s B
He ATAMY AR H4FH Bgol B P

Table 2. Selectivities of nitric oxide synthase inhibitors

Qe Aol FHE

QA A4 @A oA LPS L F@A g
442 A¥3 INOS A2 FHE TU=
FeAds Btk AVide= AFelA LPset
NOSe| #AE AWE7Z|2 Foh LPSE 49
iNOSE B4 3A17] 3, ofdll &3t NOS &
HQA AT AsE: st o=
283 =7hj A9 protein kinase C (PKC)2] v
A7t "eAQlol WHALPY Keller &7
NOZH A2 549 8o e Esta)
g S o] 8% AP NO dRozss
Aot 44 oo E d2552 47
AQ A& vAA Rty Eusigr
Liaudet 5™ LPS®} NOste] dZeo] H¥E 7
A nAe AdE FRsIEG. wtH g A
of LPSE FARE o Ay AAAF A
# gislgded], ¢ 9 lactic acidosis} 8
nitrate’x 0] EF71E Hykslgct AgE INOS

Name selectivity

N nitro-L-argining(NNLA) cNOS

N nitro-L-arginine methyl ester (L-NAME) none
N%monomethyl-L-arginine(L-NMMA) none
NY-nitro-L-arginine methyl ester (L-NAME) none

N®, N°demethyl-L-arginine

(asymetric dimethylarginine, ADMA *) none
N(5)-(1-iminoethyl)-L-omithine (L-NIO) eNOS
7-nitroimidazole (7-NI) bNOS(nNOS)
S-methylisothiourea (SMT) iNOS
S-ethylisothiourea (SET) none
Aminoethylisothiourea (AETU) INOS
Aminoguanidine (AMG) iNOS
Agmatine * iNOS
L-canavanine iNOS
‘Transforming growth factor £ (TGF-8,)* INOS

* ADMA: an endogenous NOS inhibitor found in human plasma and urine.
* Agmatine: an endogenous NOS inhibitor found in pollen, sponges, herring sperm and octopus muscle.

* TGF-$,: inhibits the gene expression of INOS mRNA,
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o] A 49 L-canavanine2 o] 2E W35 &3
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HEA e g uiE A NOS 9 A%l L-NAME
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gz Yzt

NyFe AN
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W AxBYE A ¥EE eNOS(NOS My Fd3
ThY B AR e et AR A e
AFTEDE INOS(NOS 1)E 7FAxz glelA
tumor necrosis factori} interleukinZof 23} A=
& W=t}

Pl oA Eoj A= cNOSo| 23 A% e
2 Ao NOF fsty FdatrA 4T3
ATARRTAEY R AT A
HRES FAs, LA 2L FYaTA L
Zdlo)A] Ee]¥ NO¥ renind2| & Yo FA
TAHATES 20, NOE A3 A A

—ol#&—

AbTA RAE A, AERF B APA R E
9 Al Fag ¥ dxn Uddn FA
o & Ze) Myers 592 qFWE AB
HFANM L-NAMEZ} A3AEFFE A 3HA17
& #Asty NOZF NEFF Aslxd r)de
dHE gEeta SE gl

TNF-¢ 1} IL-159] cytokine®L NO2] &4 &
A Saura FOL AREAH FTRA Eo
iNOS7} ZA8he AL cytokineSo| L} LPSe| <
@ A% NOFH € 228k Ro) Bga o
fom, Jansen ™2 immume complex® Al
Qe FED DAL ARANA dAARe 3
#o] Hxol FPL o o] INOSTH EAFE
&ol&tir immune complex Fuk A}EA|E o)A
NOZL 88 48 & Zolztn FF s

A3 Ao Wwlo] gl SAelAME 1Y
52 AT B F vk ole dvf AEFFH
AYFA gl AL 2 213t renin-angiotensin
Aol 487 2 fdeldn YA Sk
el DAL HF A NOF renin 2 & G4
st EARAL €S @7 Aolde F
Zo| 7153t n £t} o= immune complexel]
o] g iNOSe] Zgstet dAANEY &4 3 A
Y% e Tor dWdEste vt glof,
o AFART PG I HEa iNOS o
AA oo Gz aAE 43H FHAN FFAE
Tg 7hA7E e e B

(=) ok
a1 -

W7 LG EAHA FAA QAW 3HEE
o) A+E-ol7]% & nitric oxide(NO)= 2 A Ay
TE7b BESsk ey HEol tFste, A
o] I Fokdld M ZA FHE e
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@A AFAY F Shboloh

M ZEoXe] NO A& nitric oxide synthase
(NOS)dl &3 ZulE+=d], ©]52 brain form
(bNOS, neuronal; nNOS, NOS I), inducible form
(iNOS), % cndothelial form(eNOS)E &%=,
0] Z bNOS(nNOS)2} eNOS+ inducible forme) o
H]5) = constitutive form(cNOS)o &332z 2t
z} ncNOS 9} ecNOS2 = 8]t}

NOS¥E olm| =448l L-arginine 2 4k49} A%
AlA Lecitrulline2 2 W $A|7]'HA NOE 213}
3, o] NO= A EZE e guanylate cyclaseE A
g}sled cyclic GMPZ A 45l AL}, superoxide(O
2) 9 doled Au2 AYst] WAl o
T 58 FAV(ONE THAA ME=2HE
£ FEs7| = gt

Aol X Y IR H LY ecNOSE F
B f2E NOovE @8 XA ANAARE
W aFgs 483 FA FAS, <8
HE dozg We HEzAW INOSE HH
i Zel NO7F fr&E o] AAA e &8 714
et

g7l M= NOZF V| =B E2E o)A 7]
HERE AR, Algoh FAo TFN
Alell &%Fe] NOE FYA71H oxygenatonS &
AN = k. 29 drlegeldt 4 52
& &} NOE FIE A5 AA< A F-Fol
1} methemoglobin® &2 Yoz 4 g}

@A A= cNOS7E g g FA 24
9] A/ FAGed 4495 dedh A
E 4 (lipopolysaccharide; LPS)\} 7t w3245
HEo] v xs FAFASHIEE TF
#hg NOE F-3AI719 o] FA3 HolA
Easgand BAA doh AReNE B
A A A E eNOS/E Ao FE FAH
FA N S P} AP H4 e Hg2dEd

o oatel A2ATY AEW M Ee
iNOSZ H¥ #3Fe NO7t fElsd AZNT
o] &o] 2T
Al A& WA L] NOSe| ofste] AL
Azt 2EHT sled, AdiEad 99
zABA So odta AFBRNE
(mesangial. cell) 59 INOSE H¥ I3 NO7L
Sedw Az AATA Y S 2
819} zro] IR B9 Arler ecNOSE #3F
o 4RE FABE %S #0, INOSE o x
A T FYA ] dHE AESZE] o EA
olgtz Foj® & YR EFY FaAE
oz AHzAY &4& zHsHA He Aoz
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