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ROS scavenger

Biliverdin

reductase
biliverdin ———» bilirubin

3H20

30; E)

Heme
oxygenase
heme CO
NADFPH

p450 reductase

NADPH
NADP*

Fe2+t i

P38 MAPK —*

Hemeprotein ?

Oxidative stress

Inhibit neutrophil-
endothelial interaction

Anti-complement effect
Inhibit cytotoxic
T lymphocyte activity

Anti-inflammattion
Anti-apoptosis

Guanylate cyclase
ﬁA\GW

cGMP

N\

Vasoregulation
Neurotransmission
Anti-proliferation
Inhibition of platelet
aggregation

ferritin

E1 Heme oxygenase & F DR CUHKY L v 51 H)

B L LT Heme L% E/L0 CO LBk (Fe?T),

UV EERT AR TH Y (B1), Heme
OHEMEBEMTOIBEL L THLATVS. 20
% (b &Y 45 #% I )i 12 (32 NADPH-cytochrome P450
reductase BEFHtHE& L LCHET Y. Zhb
ORICEMZENENRZERIERZF R, ©
U ATBTERICIV ) iz v IE
BloEmWHIEsbiEE TR L, Mle, MEEeEE
MHRELTEY, SOELAIBCHEELERLT
AEEEMAH L L OO, EFEIZIEFOBEERE
Thor7= ) FrofFR/ERDELRED T, BEE
EL, RfEmiIcEicsrdat+5 - &nmb
NnTWwWaA. Fiz, CO T soluble guanylate cyclase
® heme (ZFEA L, EMELTHZ L TcGMP D5
REREL, ey T GECEb T3,
MPE D, ZoHO IFHESHEMIZCEVWTHLED
FERMLRTEY, HHHEOFEEME TIEE
HEMHEEROEEICVAOSEELERT LD

7, P TRRAXORIUICEES S ST~
Dy EMBTAEED ThHBEEEZLNATED,

Heme MfRFEIC & FE 6T, EFITIBEV AT
EAEESN-. EE, FoTHEIGEDT, HO
A BN HO 24 LA RiE E C i~ R EREE
HEFROZENHALNERDSOHD.

Heme Oxygenase (HO) % E|

HO ICIZEETIE 2 oD T A4 Y HA LHBH S
NTEY, FEA ML ATHEHES L LFHER HO
T 54+ & 32kD @ HO-1 & 4y & 36kD O
BMEINZH#B T 5 HO TH5H HO-2 b 5. HO-1
171X Heat shock protein 32 OR& 23 H5@Y, &
AL ERE, A R b A CHECIERE IR,
AR, S HICITMRICOAERE N L, K
R4 IR A PLATHEEShD Z LA TY
%. HO-1 & HO-2 (%[F U Heme 475 fitétg = H 7
AN, 4~ O deficient mouse TORBERI AR S
ZEMG, TOABBEILE) ZLBHEEINRT
WA, T2, HO-1 deficient mouse TldHimIZ
HARMES, P osEFESEL, ZORE
fri, BRICB T 28LEFEOCTLENR D LR,
HO-1 23k B/ HICHEETH L Z LABA LN
o TWAY, —F T, HO-2 deficient mouse Cid,
HAICEREZE L2V H00, BEICETE
YOBmEENMBENZ EBHERSATEY, Zh
iZ non-adrenergic non-cholinergic ##£7+5 d CO 4
AR TIC L » TR MBI A Z & THAX
hTH0?, FRgROBFTHERELHAIATY
5.

Presented by Medical*Online



~2AF 4 F—+ (heme oxygenase; HO), —E&{k53% (carbon monoxide; CO) BFFEIC I (T D Ea DBIE 117

HO-1 BHiREHREZ LT bl sh
THEY, HxRETHO-1 OESRIEREL
BElsd, HO-1FERRERELRESEDLZ
CHRBELMIIR TS, Fax b+ 7 212 Dextran
sodium sulfate(DSS) # HHEKAK L Z & TE b
BEERIGRECGRE2RIES S5 EBRBRET
MAZBWTIBROBIE L & HIZ KIHEEIZZH T
H#ELTL 2 HO-1 BRIERIHEAIIERT S22 L %
WS LCTE 5D, BREVNZ LI, 2O HO-1IZ
K A RIERIEIL Th/ Th2 3 A b HA T A%
MET2ZLICL2THLEbEND Z ENRIEX
nNTWs., ZhoOHEITHO-1EBLTO L DI
EAabmd, bLLIRHOLICEDFEEINLE
o CO, BV~ULPy, gl &3¢
HLDIFESITHSE M TIT AW, Faix CO IZB8
THFEERBEELTERY, CODMEBEDRELEA
IZEmIhTwad, L, EEOL Z A HO-1
BB S PIREDROREIIIE ) <10
R EIERAREREZH-TWE LTI LEL
@EhHh, EElCEIS_AYy, FUALEDM
A EMEERICIIE Y Rt 72 <, HO-1 O
FIEERICE LTI omERES L THERE
EELTWALOLEDRLS.

HO-CO RD&EE

CO 7% NO (Rt o M E ARG (2t L CHflEy
WAER L, MENGEME L LTERT SR
RENE., ZHIE, ZO200HTARAT 4 =—
# —73 soluble Guanylate Cyclase (sGC) &\ 5 F£iE
@ second messenger #FH, & HIZF @ heme (i

BmNORE

o |

&

GTP cGMP |

<cGMP Q% >

IZHEET AN, FOEMHEOES VW NO DG H
REaAMhcEWZ IR LTV, sGCitq B
D200 Ta=y bEFFO~NTEFAw—Th
BN, O YTz b EICsGCEMEICER
ALK FROSA FrBEREhTia. NO,
CO B DBTTRI~LERIZFES T HBRIC sGC D
BELOESGWVWANO DEFNRKEL, ZOREHN
sGC DIEHAL A B = X LICEELRFASEEL L -
LT HDEEZERTNDY,

HO-CO Zm/ERE I LW HIBAIZE T
HO-1, 2 241 L T4 S iz CO A3l & FiE =i
EANREMEIZAER L cGMP 0 LR &5 &L,
NEEFEOMEMBERL 6T, TR0,
CO i &sthig i In 2/ L CIEAET =& 5EA
EESTHWAN, To—FT, NOEFEOMLE
shESGIE CO I L vl S b, Z OFREHE
kv NO IZ X 5i8E® sGC {FHE{L & CO A3
THEEZLRTWRY(R2). EEIC, LEFHE
FICFF R HO-1 2 BRI S/~ v AT,
AR NOS B FRIENTLHE L TW DI H b
LY, BAR- T A CHE L ThED ERERL
TEY, CO X NOKFEDMERTIERZRHS S
LTI,

Gas Biology FFFEDSEBRIT L ool KR b D 70
=73 A R LVAPRARINTVWARWVWEERICE,
T HO EHEN R WIESRE Th 2 FRIzs v T COo
DS 0 & A5 F RIS hAE S iR IS FH S L
TWAZ L HFEHAL, FFEERICBT 2 ER ML
EROEDIZIENO TiEZed CONRERITR-T
WAZEEFRELTHAR Y, Febhbo-r

ENOES

lH)
> A

ccMp!  GTP

<cGMP DTLH >

E2 NO & COM#EEHEA

Presented by Medical*Online



118 & B Al # F21E F25 (2006)
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Carbon monoxide

Animal Organ Model Efficacy  Year Authors

Conc. Duration
250ppm 56h

Rat Lung Hyperoxic injury Effective 1999 Otterbein et al.

Mice Lung Inflammation by aeroallergen 250ppm 48h Effective 2001 Chapman et al.
Rats Lung Hyperoxic lung injury 50-500ppm 60h No change 2001 Clayton et al.
Rat Intestine Ischemia/Reperfusion 250ppm 1lhr Effective 2003 Nakao et al.
Rat Intestine Graft motility 250ppm 25h Effective 2003 Nakao et al.
Mice Intestine Postoperative ileus 250ppm 24h Effective 2003 Moore et al.

Mice Lung Airway Hyperesponsiveness 250ppm 1h/day, 5day Effective 2003 Ameredes et al.
Rat Heart Ischemia/Reperfusion 1000ppm  30min Effective 2004 Fujimoto et al.
Rat Kidney Ischemia/Reperfusion 250ppm 25h Effective 2004 Neto et al.

Mice Lung Acute injury, ARDS 500ppm 1h No change 2005 Ghoshetal.

Rat Liver Ischemia/Reperfusion 100ppm 25h Effective 2005 Kaizu et al.

Rat Intestine Necrotizing enterocolitis 250ppm 1h/day, 3day Effective 2005 Zuckerbraun et al.
Mice Multiple organ Hemorrhagic shock 250ppm 1h Effective 2005 Zuckerbraun et al.
Rat Intestine Postoperative ileus 250ppm  24h Effective 2005 Moore et al.

Mice Intestine IL-10-deficient colitis 250ppm 24h Effective 2005 Hegazi et al.

Rat Heart Mpyocardial infarction 500ppm Jweek Worsen 2005 Mirza et al.

Mice Liver Ischemia/Reperfusion 250ppm 1h Effective 2005 Ott et al.

Pig Lung Endotoxin shock 250ppm 1h Effective 2005 Mazzola et al.

Rat Heart Allograft survival 20ppm 14-100days Effective 2006 Nakao et al.

Rat Kidney Allograft nephrophathy 20ppm 30days Effective 2006 Neto etal.
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#2 COICLBhkE HERSBEADADZZL

Inhibition of chemokines and chemokine receptors

Inhibtion of ICAM-1

Inhibition of iNOS expression and NO production
Inhibition of Thl type cytokines (IL-2, IFNy)
Inhibition of proinflammatory mediators (IL-1/, TNF e, IL-6, COX-2)

Augmentation of IL-10

Heme oxygenase-1-dependent pathway
Nuclear factor-x B-independent pathway
Soluble guanylyl cyclase (sGC) ~dependent pathway

p38MAPK pathway-dependent
Akt-eNOS pathway-dependent
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k5H0h Litdewv. Lo, COWAICEL
T, £0% < OERBBEFT 200-500ppm & &
BECHY, HEMIZITZE FABATDIZIEEIE
HaMEL22BETHY, BRIGAIZIZIEZLD
N—=RARHBE. bokt, REOHETIE20-
50ppm & Vo 7o EEREE CO 2 TOlRE R R
LRWESATED, RKEHOREE LIV
BEMEDHD. Fe bIMBIZ COMALEREEZRFL
(H3), REREELZFLIZZODRERINLTEY,

N OMOBIETTNMCBITAIEEDEL RV
LTWa., S#%0oBEAMFEINDIELEZATHS.

BEhYIc

i, TEZBUOTVWASERATARAT 4=
—HZ—TdH5H CO ZFMNINO 25 H THRIEDH
R AwR~27-. HO-CO RicH B LI-1EERHIE, *RiE
FEESHETEITRBEBLTIWS B THH LA
bhd. KEPHEOCHMKLGI Z LA TEIN
LYENDEETHD.
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