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—%, BEOBBALICES T 3EHEBEN2 S -V Y RECEEERI T ExW o
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M ST,

ZITAMETES » FEHOTNO: oalE, HElsXUCERHRAZEC XL Slicof
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(1) #
ARBELMED—>CTH 3 BMLEFH (NO2 ) HLEbEEF L, RChictkr s
ﬁﬂ?%@%%ﬂ%ﬁ:gmzﬂm@mwﬁ%%ﬁbfm%%gmﬁﬁmmmW@§©§
(®§ﬁ%ﬁ®ﬁﬂtﬁﬁén1wéw1:®ﬁb,NOz@%ﬁ®~%H%§®@%k
EEEL TV RO TRHABVIEZLONTV S, BHE, NO2 REIRL - THEEBBRLK

iff]

AR B LMoY 2 (Conjugated dienes) DEIFEI KX D Thomas 6?/)6142
STEHRESINTWVS, LML, 20%Z < OWFRFPNO 2 FFEIC L 5BE{LIEE Oisih
ERBIARI LTV )

BEALIE A RER S R LT 2 1 8ffElE (RH) P@ELEZITEHEL S
W% (ROOH) THy, B L > THBDTHEERYMETH S, < OBELIEE T4E
ATRELBEPERD 2WVIRINERS ERBL, EEEEmRE LAKIERREEEE LY,
BREPEOEAZERIELY, Bkl ooy I vEORFEAIERITRESL
DOEERSICERA L, MOMERECEN, B CIEEEELsIsRI T &N
HONTVS, LiehoT, BELIEE0ARIIEIREL, FRE BERE RERDS
WRESOE X DIREPEZE L OREENREINTH D, BETHERS LTERE
%k#éb%u&@éh%&énmotﬁgﬁimw

=, HEERCRIOL I BEERBRLBEERE LD 2 0& R MH 3 251
HAEIESEEL TY ZaoA R 1CEARERTEESRG LB EFE S ICEET 25
FWIBSMRER L7, 1) ®Glutathione peroxidase(GPx ) RIZROOHTRE NS
BELIEE S 2 W idiBE{bkE (R=HoBE) #K#d38FRTH3, BHGPx &
£1) 0 (i) WRTLICBILEI VY F4 Y (GSSG) »OBEREI VY F4 v (
GSH) OiEE4AiEF 5 Glutathione reductase (GR) ENADP H»5NADPH
% PEH 3 5 Glucose— 6 —phosphate dehydrogenase(G 6 P D) & o3k & - Tkt
WBEZRHT 2, £, 2) CRLAEIIBETRF VY » VOHRFZHNADPH%E
BT 5C6PD, 6—phosphogluconate dehydrogenase (6 P GD) % &TT C A% A



5 W bz is 9 % Isocitrate dehydrogenase (I CDH) 75& O@#E bEBLEEN O
AAEFZ L TEERRIERLLTO S, T, EEEYD S0 BRI ORBHIE <
B%%CH 5 Glutathione S —transferase 2V TH3 &, 3) WRFTW GPx &H
URnEmE L, BE{bEERB3CEE T %, £/, Xanthine oxidase ¥ Amino acid
oxidase HDEZMOEKRNBILRIELEHIBORTEHOBRICERINEIA - N—FF 2 F

-5 vAn (01) BNEBRILRGCEEY 3ERBESTFEO—DTH B, Eki
o D7 0: 2RAT 3512 4) 1Z5RT Superoxide dismutase(SOD) MEFEEL,
O3 WX BBALIIBEEN SHEEKEPBML T2, Fi, &£V VREDHE, EFy v 7|
SHEURFCEHEPHEOSHELRIGL, Mixed disulfideZJEmk LHIFaEEREE KT
g3, LML DL KB Mixed disulfide 5) @ (i) ~ (iv) KICFRTLH &
Disulfide reductaselck o CHD7 Y —DSHEWETENS, Dislfide reductase
I ORRICHEEED S HEDHRHICEEZREZR L, BRIUBEE» olatFaEs%
LT3,

Fr, HERICEC O XD SREBAHBESREREACARM o it iEE & LTIE
& vy ESHILEW ( FiTiZ90%L EANGSH) BLEDETHMERL7 Y — 5 I A IViF
ERELTCOESY I VEENFEL, BEBRIRRMES 20EB0 T35,

—7F, oL RROBIRFERECHRABYMEREENO:: BECIVEFT S
:tﬁﬂéhzméo%ﬁénuz&mNoz@78@%§a;ofva®%®GSH
EGPx,GRHIV'G 6 PDEHOFTEZEMEZIHREL, FIC6 £ 1ppn NO2 Z30HH
%@Lkvao%éaéﬁmGR&GsPDE%mﬁm%%wfméoikcng)
H2.3ppm &£6.2ppm NO2 W4 HERZFELS v FOMOGREGE6 PDOER ER%
HELTWHE, TNODOI &0, NO2 2RESIhB&OoRB{LEBFHEEORENT
BOTHEHELZDDLELELOSNTH 3,

ZITEEWE, NO:2 o4KEERPO—IZELT, NO2 FEIL - TRESER{LR
BAMEC B0 E S EWSMIL, BEIFEBRIRIEIEC 57202 0AER o »
YA, DERLHERSIEEAE & TR B LG o B 5 X OV T o & — ShIREIR
ZIRET A LRERDZ L EER, Bl WAL XCEEREERETIT - 2,



(0I) EBHEECHE
(1) BIRCNO2 ORZEHE

e it 84S D J CL : Wistar RHES » FEBHVT, 10ppn NO2 i 2 B D
BERE AT - o BAMERTIISESOJ CL : Wistar RS » FEENTO.4,
.25&L0dppn ONO2 2hn®Fnl, 2, 4, 8, 12, 16 OERRAEEIT- 7.
Fre, BURERTHEEESDOJICL : Wistar SRl » PERMWVTI.0 4, 0.4 KT 4
ppm ONO2 ICEEEd A H, 187 AL LU2TH BOENREZIT-o e CTNODT v P
NYEVIIAY —RA o Ya - F=VORTEET IS TCEFL, NO2 BEERF
VUVR - RAF—NT 5 ABF 5 y/\"—%mmégﬁkﬁgl 80;); HTIT o e F o VN NEE
od+ 2cis, BEWSSTI0BHES h, EWRIEESRE, 106EHEES L.
¥/, TNOD5y PXEAZ L7EICE - 2ERSERITHE L, BEEROLEITRE
Lz b0%FBLERDIBE L CHBREHRS ¥, B8, ZoEEEE O VitaninEE
X23meg/ke, MG 3.5%ThH Y, OB OIEIFEHERE L T VEEN8. 3%,
F U A VEEN21.0%, U —VENM.8NELTY ) L VENRL.ERNTH -,

5y PRI - FUEKE T CEOEBRL D IERL, BESIUERRERTES
DEICEEAEKREFEALTHAERICE 3T CER L, BRERTIMLERETZ
DELHVZ, ThoOEREE vz An, BRVRAERE HARET-80CTREL
Foo 788, BEEBICILDOORBLANEYD, TXTIEGE (n=6) I2HL,

@ FiikeY R — b OFHE

5y FOMIEZRRET, 770V FSRAREIFAF-—ThEIF A4 XL, 10%%F
EVR-bFELR, TOKREYR— FE20x8, S HOELHBEZTY, BonA LFEIE
v BHESH (NPSH) X, thiobarbituric acid(TBA) RInMEES XU Vi-
tamin EXOBECH VW, EFEOEK D X12,000xg, 200 HECHEIL, BicZz 0 EiE%
105,000xg, 60X RIELDEEL I, “OEFEO—HEGPx, GR, G6PD, 6 PGD,
Glutathione S —transferase #EMEH LT Isocitrate dehydrogenase TEEDAECH
Wi, HOOEFZXOInMED TA%ET 50mMNa, K— Y VEREER (pHT. 5) 208
BIENT GBI 2 AR L, CoB EiF% S 0D &Disulfide reductasef&iEd
MEWER L7z, Disulfide reductaselIAOBERBHIZ T RTERLFROY = 2Y v 7
BB ITEEEZ MY, 0CRTREL, Zofbid 100218 LaeerEsts L UPF-510815



ARSI HC L > THIE L 72,

(3) PiBA{LMER%E & MBI LEYE ORIE

G Px & Cumene hydroperoxide & 2\ iZiBEE{bkKFEFEE L LT Little & 0)75?,—*;6)
Wk o THELR, GREEMAEI I VY F4 v (GSSG) #HEE L L TBergneyer it
iﬁbf:ﬁ?ﬁé ) G 6 P D7E# X Glucose— 6 —phosphate - Na 2 HEREE LTWil-
helmé@ji?i%%%:ck > TCHELR, 6 PGDEMIE 20mMMg Cl1 & 6.5 mMCysteine
2ET0. 1My X —EREHKBE 6 '—phosphogluconate%%%f& LTHWT, G6PD
BIE R ICHE » THE L7z, Glutathione S —transferase fEPEIEKaplowiz 0)73‘?;6)6:
HoTHEL/, Bh, EELLTAryl S—transferase 2tk 3,4 —Dichloro nit-
robenzene %, Aralkyl S —transferase (Zlfp —Nitrobenzylchloride®, E poxy
S —tranferaseiZid 1,2— Epoxy— 3 (p—nitrophenoxy) —propane Z{#H L7, [ CD
Hitdl —isocitratexBE &9 3 Berntl’o@ji?ff), SO DI Xanthine oxidase &
& - CEEFEIYC A U7z Superoxide anion radical #%, F 2 u—~ACAETLT 20%S
ODMsERTBRLENMBELAZMc Cord & Fridovich@jﬁgl)él' -7, DSREHE
@Mﬁﬁvx?V%EE&LTTwme@ﬁéwﬂ$ofﬁm,%@ﬁ&éﬂk&x%%
v%De Luciaé@ji?f/”’fki%bfco

MEBRALHEME OIS v X ESHE (NP SH) D e Luciab DAHEIH - TEE
Lz, VitaminEZfiikEY 2 — D 200xg EiEM S n —hexane = H W CHIBL, 2% v
¥ —F&LT1ug-dl— «—tocopherol/ml of n—hexane®{HH L T ER l’ol) DEFEHE IR
7u2 bl 574 —ETHEELR, BHERRY V¥ - FELTHEMBET VT L v EHEH

£
LTLowryb@AE - THEIEL:.

4) BEALIRE OME

a) FANLEY - WEBRIGHEYE ORIE

ZIHARFINEIF B OB LRIB I L > THE UL T v FA—F %9 4 FEARREN, Bk
ekl awary Y7 st F (MDA) A, BERETT2HFOF4NLEY —UEE
(Thiobarbituric acid, TBA) &RADIRKIEL THEYMELET 25, < OFR&
BEOBERMEE D - CBBR{LEEE L STV 3,



-TBA reaction -s-----=---=--- Malondialdehyde Assay
0 OH

AL ns \ 0 Ho \-/Ls

U+2HS

MDA T TBAEZ /v )

AZEEHO T B ARISHEYE E@MERHSDSTM&%AﬁﬂMmag”®ﬁ&%mb
tzo B 200xg EiEHEEI0.2mlic 8 %S DS (FUeftizEsl) 0. 2ml&hnA TR, 20%
EFE R (pH3.5) RU0.5%TBARE (FIME) &4 1.OnlDoOoMAZ202&
RN L TH oBERBH T 1 IFHEMEAL 7z, MR, wHLn—7% ) —ndml%E
mA30REL, n—7% ) —nEEELPEEL, Excitation 515nm, Emission 553nm
DEABELABIFE Lz, BBEEPYEIEF FS A PRy 7uvERO,

b)  EERORILK RS

RO BB L » TRALKRET A0MBT 5 2 LWHFir o L CHoNnTHR,
LY VRY I VVEBRPFaI~FH L VEERE Do IHEOIEIFE O BB & - TREA
éﬂ%o@?&@,wagmﬁbQI&/ﬁﬁ&%@bf&%/KrZAhrmbto
BomMERE (CCla) 2RELTIHEBRRILERES ¥/ Y 2 OFRKRGUTIEH
éﬂ?(6I&V%ﬁ17n?bfi?4—?ﬁ%-ﬁ§?ét&ﬂ&@,WMMbMy
? native BIEEBR{LOESERET I ENTEBZLEHELL, 208, L0
BRI Ain vivo OINEBEHLOTE & LT 2y vl e R c2ReRems ° 70
LT3, COFEOFMBIEEHMERT LB EENEEEF0D &L CBRILIBELAE
T&, »OR—BEERENEH LT SERPE—BARTORBIEILERITTE2REOR
hHd,

AR DO —2THBY / L VE (Cigiz 0 3) O 7Y —F VA NVRIBERRS
clT, REBEDOIS Y ExFLYNETZAN2RLERRLE, BICRS D
&<, REBRLRIEE I 0OHZf 2 o 5 oIS ICE L double allyliidkED
ﬂ%&%ﬁmﬁ$o1x&—kb,HK%??Q—;V%»¢@¢%&$LT,mTﬁ?
FRVZLDRICF F 7 u - L0BE T 3BRRMRBICX o TIVIZRT L 57 lipid
peroxy radical?® ViZ5R9 lipid hydroperoxide GHEE{LIEE) %#FEHRT 3, todbDik
BISE DRMETERIIC & 5 TR L & 5 SRR E Salkoxy radical PIEIRZEZFH L ik,
B—mRLoT7Y—5VAnzy vy (V) LIEHEEDsenialdehydelz HRIND, &
@7U—5Vﬁw1&vm%#6mi%§ofgf,6?#6@1&Vtﬁéoiﬁ;C



DO7Y =S TANLY VI 2HMDIWA A VOFEETICBDTIF L VIZIEDE, COLY vV

LI F L VB o R Tl EEL, RGBS NS, R A5k

Fo oK ncR{bkEEZF | DIBENETR 702 757 4 —THEE -
WY BHETH B, $%%Tdﬁ%ﬁ@£ﬁbkﬁ&>kﬁoTMmLto

() #3%

1) BHREELR

10ppm ONO2 i 2 HBERRZE L5 v FOERPL Y Y OEREEFOTB AR
HEE (TBAM) XU Glutathione peroxidase(G Px) FEMEDFREZELER 2 iz
wlic, 2 VIERELIBEHTHRD LY~ (100%) OHMT0% ML ds, 2HHE
RhoBHTHEML, 3~4BETRYIBHL <0210 ~220 oL ~ilEL R, %
ORPRP LS v IIBHECHISL, WBETHHLAVIIR sk, X TBA#ED 1 HE
WAL 2HE S SHETERIICHEML, EeEd 3 BEcEBlch, 2oy
D 200%6CHHE L, Z0RBBURBCHRS LS BETHHL VIZE - 72,

3%, BficWhole body DIEBE{LERT =& VA DEMED S Jio FE BEkL
ZRd TBAMEOHMBELZELFINEE 2 BB TRLL, COEXSHETHEALA
D, OEIZEHHEIAORERTHIREBRILNE S > T 2 WHEREREL TV 3,

I BBALIEE & R LRI AR SR O b & ORISR A ERLPT L D
CGPx EHOZIEBA LK, GPx Bt 1 HETETFIETT 2 BRI E R
WAL 3HEWELOEMLEY, S5HEE S THHRBEL ~MIEL, 20U ~v
CUBHETHERELA, CoBRENS, BEMLIRESER 2 oRE#FETHBGPx 31
PSRRI AR L T0 B & & A 5T o 7o

B3 widhio G Px &3z Glutathione reductase (GR), Glucose— 6 —phosphate
dehydrogenase(G 6 P D) # & Tf 6 —~ Phosohogluconata dehydrogenase(6 P GD) fEH
DERFELERL, GR, G6PDH XV 6 PGDEND G Px Ei & HUOEREL
EARL, INSOBEOFEREMISBENSI4HET CEAD ONL,

—k, F=% —WRLTWENA, Glutathione S —transferase EMEE 2 HEMS
SHERERBELVNMIETL, 20600V ~ciid{ %Rl T, Di-
sulfide reductase(D SR) FEMRNO2 R 2 HEH CRIEMETRL £ OMEHIH L ~v
DRI L 7z, ZDHEHEFL CHWMLIOBE TS L~V (210%) @ELI14BEH



FTZDOURNEHIFL (B4) , Superoxide dismutase(S OD) FEHORIFZELLD
DSREHOEILLEMRTH -2 (F4) . LHL, ZOZ{LOBERERATOMNS,
10, 4HE T HEERZEmMERL 2,

s 2 MBbEME S LCodEy »v2 SHE (NPSH) &VitaminEEDOZ1L
ZR5 WAL, NPSHUE2BETHA LI L xvoH0%cHE L, 2058
MO IE BT THIH L <oy 150~170 %ciEml 7z, Shicxd LT, VitaninE
S 2EBTUH L~ 140%ciEml, 2 BEMBEECRHRDL, Svyiiv
R o, TOVitaminE OFRFZELIENP SHOZEL MBI TE L ABEE{LIEE 0%
B2 LICHRIL T i,

@ HREREZER

XR#EL 0.4, 1.25KC4ppn NO2 2EGIGEARREZRLLS » FOERHTIzy v &
BT BARBIC & 21 BRLIEEEREOBERELRERG6IC Lz, NO2 BES v F 0I1F
XLy vERTEETRERCEL, 20%BOLABABTIHL<UIbE Sk, 18
HoWRRmry vEid0.4, 1.2 5L 4ppm BTREZNFTNIBEO 108, 135 LT
172 %I L7, 208, —BETLHBLAVER > 2B452 0 8 EEN S 168E
KT TIRHEML 72, £33 XCOBRTNO: BEL ORI E-PRBENAR SN
oo B, BRHRYS VIINO: BERL2BEIEEORIEL LR Y A Kh-T,
i, BT 2ppm KT dppm NO2 BFEIC X BHDG Px HBEORIEE{LE 1 &
B TR L%, GPx BHIL4BAETRA LV ~UAWIML A, 20i%ik4 CETF L3R
UNIICIEDCERZER U, 7838, 0.4ppm NO2 EZERTIHIZLAEE{EIED 5 2,
CNODRRNS, GPx BHOZMIZHREEROBS LERI, 20Ty v
FEAE TR U7 BRRLIEE 02k & SRS R 2L 2R L, W ORI EHEENRED bh
7o

7, MOTBAMIZ4ABPEHTHRRV~LTEL, ZOB®0. 4ppn, 1.20pm HL04
pem NO2 REFHOMITHBHOZAEN 103%, 106%, 116%cHBL i, Z DR,
TBAERSEET—EMBL NVIZRE S 24, 128ED S 16EE I T Ak 0 m
LTI ERL, 4ppm OI6EE CXHBR L EEELR L.

RIS, MOGREG 6 PDEHOERERER T IRL, WiELLGPx B L
BOZEALER L 72, GREED 4:HEWHY 3 0. 4ppn B, 1.2ppm BB L 4 ppn FEO

10



iz nZ nxBE(100%) o 106, 110 XU 120%HBL, G6 PDTE %106,
115 BLT MOWICHHL Tz, 6 PGDEROEREL DG 6 PDOXLIZHABIL 72
g —viERL, 4EBICRoNBEAEREISEERCHEBERD103, 11035 Ler131
YWIZHEZ LT 2, Isocitrate dehydrogenase(1 CDH) FEHIENO. EEBEIhES
BEERSTEDN o7, SODEMELD SREBOERBEEILER G ISRLE, INOREE
BHEOZEILDELGRPG O PDERHOZELLEML T, 2EEMS 4BEETES K
7o SO D OBmAFBRMEMITBED103, 1115 LT 119% B L T, F BRI
LTA4HEBETRONABEEREOENEOEFEILGE6PD>6PGD>GR>S0OD >
DSR>GPx Ol TH o7z, Th&EWFHNZ, GSH S —transferase OFEM 1EE
Mo 4EBEHAITRSL, Z0%SEENSIGEETHIL ~vABE LA, Bk
WYETH MDY v SH (NPSH) BEUBHRESERORBELESL
Tz (B9) , 4BEHTEALVMIEL, 2hEnidBEO102, 1165 L8132 %ic
EIEL TV, LHL, 4BEBLEBTOETERES, 2~4B8ECHEELL LI
EHEHE TRHREL O, Do —Tocopherol &Fi 1 BETREA LU NLAMEML, 43
HTUEHBUANVEIR > T, COZRRELRITBARBLD DL LAY VEETRL
7 BERALIEE DZLICERI L T T,

VIEDHERNMS, GSH S —transferase %< BHHIREEEERIINO 2 » oHfa%
BRET B0 (2~ 40 CEBCREINN DML ~id 2 IEEE <
BN TS TAHEBRTD - DETLTYS, ¥ VvEETRIWBEBLIEEER
DAL & XRIYRZEERL T,

COFSMERBERO 2HBHEE 10ppmNO2 2HEMBEZECESNE T » F OIS
REEEM, TBAME NPSHEHSLFa—Tocopherol 280 —HEMEZRENI0CE
L7zs Oppm 25 10ppmETONO2 BRI L 38 - RBIRRISHHRHRESLUNP
SHERSWTHEI L, ChIti3EBOS 4 708 - PREENE SN, G6PD,
6 PGDREESIUNP SHEUNO : BEERE L HENSE - IRBEEERL, GPx,
GR®&LUVD S REHIIME 0w - $1RERE, =72 S ODEMR IR0 - SR HR%
RLTWr, LML, TBAME o —Tocopherol EFIE DL S 5w —hEEGRE RS

7&1)"9 “o
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(3) 1BMERTEFEER

WO PR iRERR TR, s NS H (NPSH) E5XUTBAMAED
12 0.04ppm, 0.4ppm BL P 4ppm NO2 & 94 BB X187 Ao R @ ERE 2 I
T, ENFNORREERIBICER2 ELTER2~4 TR, COFEEK]L L 2&
HHBAHAT AT 2ET-LbOTH I, AVghon v F EFEBRET - LFH
HWREZL T3, H2Total proteink, GPx, GRHFXUVG6 PDREEDHE |
EER 2 OERAER L7, Cumene hydroperoxide(Cumene-OOH) 2EE &L L7GPx
B O AECIIHBR LB EALEDY P E o7, 18 AEOER2 TRHIC(.4
pom Bt dppn BCHEZBETERLE, UL, EREZEShTORY, Bk

(Hz O2) #REE LEBEbEROBINER L,

GREGO6PDEHIZIANEEHD dppn BTHETARNOFERZEMEZRL, BHED
FIvonk, 6PGDEL I CDHEHKIEIKCY, 1I8FABETEKENRONE I 7,

#£ 3w GSH S—transferase ®5 b, Aryl, Aralkyl HBXY Epoxy S-—
transferase WEHER Lz, CNODZFERIT LB IAFETITHBHLEDLSTVN
18 HE W Aryl 3L Aralkyl S —transferase WEHEMN 4ppm BETHEWZETL,
MOEHEHFED SN, Epoxy S —transferase B DO TCREE LD 1EXTD
HIETH 2H% < LB Mok, Superoxide dismutase ©Disulfide reductasefEik
SRR S EANE Mok, SO EMSONO2 BREGEROEA LS uperoxide
®DisulfideDARITE - TRV AIREHEACRE S 5,

RACETBAFI L 2i0oBEBLEEEERL%, TBABIZOAHREET, 4ppn
BOER] CHESHMMERLLOATHSH, 187 AETIZ0. 4ppn # & 4ppm THE
SHmERL, »AOEHELHERTH 5 .

Rz, HIICERP Ly YORER L - THE O BER{LEEEROER TR, &
B, 27 VAECHN MO > 591 FREBINRK I A ARBOEER 2 LE—08Y

(BTS) THBA, 1848 L2000 ARBHURER L, 2 AL L EHOBYTS
3, 187 B L2TH ARBEHOS BHBF » v N—HD 5 » PRIETIKLOBIELLD
Birofefediz, MhoxtiEi (CH) OMIENO: BEHYE—HIcBALLE—2»
FOEMAERFEEE CR—REE L TR b00MAER L, COEPEI, 18BL
C2TAABE DT NT YT DHEEEL, 9 AHOES, HEEEFEATHTLLS
v b (8I8) &HBF o+ Y N—HOF v b (608 OFRPLy YEAEORICEE(E
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BRDONEIhole, 18R E2THRBINO2 REHDS v F DRETHNRD i, &
HEDIEMATLDAERBRERL TV S,

NO: BEICL21% VEAEL, 9HHLI8AATIX0.04ppm 3, 0.4ppm BB LU4
ppm HOITRTCOHTHBHRHLOFECHEML T, 306, Z20EREENO: £
RECREL, »OREUMCRELTHEMLTO R, 4, 217 B B&EHTIL0.04ppm
A& 0. 4 ppm FSSHIBEH O 2 BN EFESEMERLTOAD, 4ppm BTHITET
LABHEOBCHEEIRBD OB B sk, —F, "vrvoZit (M12) dzs v
WD SRS, HEENRVWE SNz 0187 BE® 0.04ppm B2 & 0. 4 ppm B
DHTHY, 4dppm HTRIY VERO2THABOGELRERRICCLABETLTCO R, &
fo, Ry vOFEETDHEOEEE TR, HIHICI8H AR 0.04ppm B & 0. 4 ppm BE
DHTHERZEMERL T,

RRICNO2 BERZFICL 34 VEREMOFREEEID 3 & & LRRICKERE
BT o - ZRBEHRELIBIET 5729 0.04ppm, 0.120pmis LT 0. 4ppm NO2 264 F,
SARABLTISH AHEGEREL, L7 vEROELEFTNLERER.13 wRLA, K
MOMHRINIIIICZ Y vOERELE H ABBREDOESICE0.4ppm NO2 B#THE
BIEMERLIZGTH o 72H, 97 HBXT18 ABEZE DA 112 0.04ppm, 0.12ppm
HXU0.4ppm NO2 DI RCORBHTHERECHML T, £, TOIP YOER
EIENO2 DEBEEIC >N THEML, »ONO2: ORGHEIIc>hTEmLTEY, #
SCORSR LRI—Hm AR LERES R SN, £/, 0.04~0.4ppmn NO2 ORIICIXE
WREVE — I RBMRSEAE L 22,

CORBESHOTE, F» FONO2 BRPCHEAONO: KREZIhBRbLIhTL
5DT, ZOBBRLINLHEREERLL S STERBTI Y vAEMLZO»BL
NBDEOS AR OVT ORI L, EBIE, NO2 BEF+ Y N—HOD 5 » FHE
RUTHW b0 lELEHERILHIHISPF LN VOBERHATERCRLTEE S » itk
Aize COFEBHLI3~4 B LROER SR MABNOESEI8H ARG A, & O
DEFIOBRALE (TBAKICL3) &2h%18» ARBBRLES v FORRhLy V&
REERSIRLI, FEHOTBAMINO, BEREEkFELTHEmML, 0.4ppm N
Oz BEERNIH L OFuimML T, ULILERPI 2 voREEER, 0.4ppnEi0 s
DRETH 2HABHROMEELEDLO AN o, COBRLD, AEHINO: BFicL
o THEMNIBBILINTLEH, BRBI Y VAR S CEENRBD I MRS his,
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(V) % =%

AFEERTENO:2 ot HEatsIUEEHRRCX sMOBEBLIERES &Lk
Eh A REDGY 5 HIB LIRS O ZE LA BEEFYICIRET L, 2 OBEEfi~, 2
DR, SEERCEEBENO: BRI L 3BB{LIFEoMMEFRb Ly v Liikey
2— FTBAMOBIEICL > THOMIFTZZEMNTER, 10ppmNO2 BHERBERD
BERLIBEEINO: REEHER 1 HEC—ERDT 35, 20k 2 BEEE SN L i
HI~LHETESVNVICEL, Z0BBCIHHLVAVEIR -k, COBE{LEE0ZE
%ﬁ%@#&VxVMEQ$5TMMSgw®%%tﬁMLTwéomﬂwﬁ6hk:®
BEALIEE ORI, Mol S HELoBEERILC L 3EYZNEROETIRL2 D
@&%i6n%°$k,Iyyéﬁﬁ&UTBAﬁmﬁﬁﬁmﬁEmméou%ﬁth
ppm B X T15~1Tppm N O2 B L 258 1 OISR L L PTWH 3, 0%
D, NOz BEEL-THH (0~1HE) « | BEIBE:SY, [~3HECIH
MIGOIETE L EIEAEE D, ZOMMIEIBEMBRTHLT 2 L0 R EHAHULTL 3,
SO EMS, BRATEEOHER I EHROMAMPEE LFEVEENRS 30N LAK
W,

—%, SHEEROALERNI & Ve & 2 BR{LIEE OMEET B ARIGE £
B D BRALIEE OMEB L 0 EFTE L, ML < 2 ma 2 R sk
IT5E1y YOEMBHBEOLINTB AMOWMEBEHBELO DT 0 - FThot, DM
MEBEOEFENDOEN I ZOHEEIIFZLZ 0D, £2HLEHONEND T EDEL
THELEBELOND, TNWAK, WRHLH v OHNENS TBAMOMMEEELT]
DAERREIC 2 SR TRLALS S HEIRY -2 &7, DA 0HBI B
THREBRBRILISES o 22 E&RBLTH 3,

C DRI BERALIEE 0T LT, HELHERED 10pmN O, BHEZCL -
THMREERL 2, BBIREBEFEM LG lutathione S — transferase %W T, 3
BEHUBRTIBBRILEEOZELLNHTN TS » . BRILBESBEESLAVIET LB
BALIRE 2R3 L 72 0 22 IH 3 2 B AR R B AE N L3R ®, SUCBhRRESEN
AR LV ~NINSET B EBBRLEE ISR L N R 5 T, SR o OBFRER 0N
EINO2 ORMEIER» SR EIRET 2 7: D OBHREILTH A LEL SN, NO2 B
BRI K > TR S N BBLIEEC L > CHEES N TRESELONS, G6PDMS
G Px CZE BNIBRALHEBIREER BN MY 3 &, BB vy F4 v (GSSG) %
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BILLTI NG F4 Y EHET BRDMVEMT 5 EEL SN PHBRILAIOIESY Vst
S H b HEALMEBMEEE, 20 RIEY YN BSHEL Y Y/ S HE & OBITHR
SN S—SHEEZTOREENS HEICEILT 5 Disulfide reductase& FIIL 72 Z{b%
RUT, Z OFERIES HEOHMA B LR HREEE, HICGRPDisulfide reducta
sefR OIS B L T, BHREES LERRICRHLPIBEED S MBI RET 2 2D fH <
TEERBELTNS, —F, HBLHIOVitaminE 3L L ABBLEEOZEL L ERL T
Wic, VitaminE QAN TRHERSNE WY,  OBRPNCE W 2 ImE = I IFES & T
DAOHBIOEEINTELbDEELONS, ThpA, VitaninE BIEEEBRILRIE
ZBARPRICEED BDICHRSNIEEZBIBHRFO—2ThH2LELON B,
C@:&ﬁ,DmdmgmﬁivFK1WmOs%lﬁ@%ﬁbk%@,VHth@ﬁ
BERS v FOBFRPRY Y VREGLAETETTZ0LT, VitaminERZES »
PORERMRY Y VIIZFLIEMLTO LS BREMS BERFEINS,

R, LOBREENRRELIT-IBEE, BRLBEENE DX ST 2hETH~,
EBHMEREON O REOHETHBEBLIFE X EEICIEMY 3 - L2 WR L, IR
hrd YEEC L 2 BRILEEISHEEL VRN ENED 323N 02 BEEEICK
FELTIHAETRARLLY 2% HREORE LRBRICED LIEY, 4EE T 4ppn
BHTOHHBHEOBIEEETIRONE B o, LAL, 20&EDTY 300
LiG®, 16EED dppn BHTHTHBHEOBICEEEERTLIOWCK S, £/, TBA
EHRIFEDOEMERLD 10ppmNO2 BEOEALIERY TBARAES L~z
THIRFPELY vOZNLDBATH, ZOMHEBEIEBREEORHERIIBIZ LY
v &TBARRHYE DERER EREHEOHEBICLZ2DEEL OGNS, T8bb, b,
kh&ﬁéﬂtlyVﬁ%hﬂiﬁ%éhé:t@ﬁﬁwﬁ,TBA&E@%§@$¢&
BAOGNZTRYYTAFE FRTAFE FRKEBSAECRERBI N 19, M
MCERSNIECBRHEZET L NL330EEL N3, —F, NO2 OFa
HEREIC L 2R IR EENLS S 2RRE OBA & ERICBRLIEE S RAI S
é@#é%mb%b,%m%%iﬁﬁﬁ%kmaéaﬁ&m%gm%ﬁaxotoL#u
PiREE R OB 2 g & B CFe PR LIS E B U 2 00 ind 3 0
EXBRRNZ D B 2MIE TS BMEAER Lk, © ORBEND, NO2 ik 28 LIk
X3 BRI O TH T, NO2 REOEIHLIZ DN CHRELIER I
METFLTRLDDOTHBERWPONER 5, TOL S RIBEILIYE & MRS &
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OFBIZELLIERREDLGSTHRD ON, MOTBAMMIIINO BEWEKEFELT
WmL, L2394 A, 182 A LABYROEE IS TEMIT 50X LT, WITho
FEALHP AR E RN b EANRABERO 4V AL D 97 A, 187 A L REHIEAGE
ET3OoNTETFTLE, 9P ARBETIHGE6PD, GREMWEN4ppn B THETNRENS
BESHENERLD, Z20hOBEFRRIIRHEE(EDLY L, 8VARETEB
AL ER M IcBIE5E 4T 53GPx EGSH S —transferase 7t 0. 4ppm & 4ppm BT
WIBE LD BETL T, Ayaz 63) bYW 1ppm NO2 2174 ARERET 5 &,
VitaminERZ &S » FOTIGPx BEMET T B LeHEL TS, £, Mi-
wmméwdx%wkU/—w&®ﬁ&%%%§ﬁﬁ5vFK§5?5&%@®ﬁ®ﬁ&
{LigEE ML, —5TGPx PGREMSHBRIOVFELETIT 2 &EHELT
W3, TNODT LMD, BREBEEEMETT 32 &k - CBEBLRE MY 3
bOLELOND, £k, WOWBMTBEEFEER 1 B EEARL 0 12 RO S HE
W ENHREINTHD ﬁﬁ¢;wﬁa4wm&4mmN02Q9ﬁE&5wﬁwﬁH
BEELLS v Folict TR EFME I8 EEMREoLt (T8, 18) »1Ems 3
CEEHEL TV, COF®ENIO, HHREREREROETII I ERMEORDICXS
BOTRBHOI EAREIND, -

—%, & VRAECLZBREEEI A A LT184 BET0.0dppn 289, TT
ONO2 REHTHRBL OV FESHMERL, »OUBSE-PREHFERLEREDS
BH ok, —F, 21h ABRBEOBEITIE0.0dppm F & 0. 4 ppn BETIIBE O 2 %
NEFEREMERL TV D, dppn BTEBCETL, HBELOBICHEEEIED
ONniE o,

VEDORRELD 4ppn NO2 BERTHE ORI Y VERITEI L 2 BELIRELER & BRI
FEEZRE 35 G Px BHICRES N IPIREEEROBRZERIACIERIIRL
oo BUTRY & 5 CHiRBEE AN & BRLIEE R O BRE{L LB THBHNTH 3,
PBFREEE O G Px BT 1 A ARIIBARLNMZET M, NO2 REURoEE
STCRZ BT T B EAERL TV 3, BEMLIFEEG Px Bk - THmd 324,
GPxﬁﬁ@%mttbK%ﬁmﬁﬁvaaﬁéo%@%,ﬁbK%MLN02§§w
ARBICEBRARL<WMET 3, 2 LTNO2 RE2TH H B OB S CBB{LIFE XH U
Br~miciiod SEERLTVWS, SO 4ppm NO2 BE2IH HAHOFRHL Y VET

70)
AELLBREEEOBRTRIRHOEEAERT 2 OTRHEVEZELONS, THe &
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dppn NO2 BE2TH ABCHiOHMHLNED SN EEMEL TS, TOLIAL
&beﬁﬁml&V%ﬁﬁT?éEi@—%d%wﬁmka&5&%%@&meé&%
ZoNnd, LML, dppm NO2 BFEISH AHTHHH O IZ L » THOMRHMEHLATER S
T3 ENSERNI ¥ VEOE TR MO X 2BREOET AW THEHRY
cERBV, —F, BRI vETHELLBRLEEE0ZL [0 SREFCEEL
tv;F®%¥E&&mﬁMJMk;5MWW@mFm0@*&&%&bf&(%mbf
Wi, TRHB, NO2 BEIVALISPAEHD S v F TRNO2 BEWRE L THN
FIREEASEINS 20 LTNO2 BE2TABEEHDS » FT0~0.4ppm OFETINO
2 BETIREL TS 3254 ppm NO2 2E2T7AHO S » F OFGNiRaEEE i 4 ppm
NO: BEIBPABDZNLIDETL TV R, SOXIRI Mo, BELIEEOHEMX
FEOEELEEL TS0 EEIOND, COZ =7 Y ORRRERCER
F&i%ﬁwﬁé&M%k®mrw&mrbtﬁ%¢h@ﬁmF“b2b<%mbfmk
&0\51\7}% %3%&%#6 bIFINs,
—f,%K;DM$ﬂ%a@b£%7ny;9bowaoz%ghﬁﬁﬁﬁbk%A
0.4ppm BE& dppm BHO S5 » P OBRMBEEZENE (PaO2) PSHBHIVERECETL
ka:&%ﬁ%bfm%oC®$5ENQg%@K&%QMM&iﬁEQETH,Dm
vidson 6/3 >0)*D"f-‘1*36:ck % FEE&® F reeman ":J)OJi v FOEE, HSWikNieding& Wa-
mméﬂztbfoﬁﬁﬁtfbﬁwﬁéhfm5obwiﬁﬁPaOz®ﬁTdmwm
DIBEALI & 5 BETIREOBETIC L ZAHRENBA o5, Ymmm@ﬁw%ﬁﬁiT
THBELES » FTEP a0 METT 3 & &b, BASIRSLCROTBARRD
YWEEAMEMST 32 L EREL TV R, ChHOWENS, 0.4ppm & 4ppm ONO2 %
HAMRELES » P TREEN TS 32, EEMCHB~OBRZEEMETLTY
250 EEbNB, £, 0L RERNEBEREOBETIRBEEL > TERILEE
EMNHEMT b0 EELONS,
DEDLSREEMNS, NO2 BREBCLZMOTBARMERZ OTICL S VEIE
wk BBERLEE oM 1) BELEERIRMEREOKT. 2) MinEEoRR1t.
3) BIRORESEOET. SAHMCEELTRES - TS TREIEL Sna.
5, NO2 BB LZFRPL Y v OELET LT OmELEE 02 b EEk
TH2HDOTIRHEL, REEROBELERBLTVEDDEZEZLDERETHSB, 4ppm NO2

Z9M AWM, 0.4H3Wikdppm NO2 %2184 ARIEE LA S v FOTIXTB AR
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g cEmsRoniigndd, MEAOHBO T B ARIGHWE TAEL THEn, —
ﬁ,GmMmgquﬁ¢@&yyvﬁ%ﬁ%%am%?ﬁﬁmﬁé5aﬂ%btméo
ZOLEHRIENS, BEBBILOKIEL L TORMKENHEIRORILKETH 57
RHENSLEINTHS, LML, AEROBRTIFER P LY vOEMAZEL L OIS
TRV VOEMEZNREERE AL, &0, WRIRKE OMAIEE % &h
LCELBOICERT LTI, NO2 BEICL > TB{LSINFARZERLLS » b
DOAEBNO2 RBSNTORBOERPEERLLES » FLOBERBOLZ Y vANENT 3
DEFZbond, LML, Specific Pathogen Free(SPF) VLRNUDFEHFEETETN
Oz BlbsNAFEHEEA LT v FOWPERML Y VEEAREINO:2 B{LEZ I THAVE
HEERLZS v POZREESER O (ED) . COIIREENSD, PR
HOLS Y OHMENO: ICL 2BRLIEEERICLZ2HDTH B LASRE NI,
—7h, CNETNO2 WLBEREENRON30E40. 4opn HiR&EEL ONTEHY,
RIETH 0.12ppaNO2 3SHEREL 2 F » F OEOE IR R I c BEY
MEE X m:am,%z@%am? DIMENHBIEIT, 0.1ppm ITFTONO2 BFETHE
LI EDSFHETECBY, CoFKT, SHBEEBLEHED0.04ppn T WIS
BALIEOHEMEMB LA S SWEEEEIRECLEELONS, LHL, 0.04ppm
DEHSBHBOTEREDONO2 BEL L - THRHENALELIREEEOETEDL DK
BEREFONEVD ZEEFET 5 L BEBETCRBELOBETH D, SBROWRIE
I NIER SR, £, 4ppn NO2 , 18ﬁﬁ§]§&§’€¢iﬂﬁﬂ’ﬂ§®mg&&%)&ZWOJ
ﬁ%kﬁﬁ%twéca%ﬁmgﬁﬁﬁ%brm5ﬁ,%%mx%%?%wgmmgaa
BICBRLIRENEMT 3 &2 W oM Lz, NO2 A iciBB{bisE 4L, i
MELEECTEFREBRERAO/ 5 2 -+, HEFOBleonycin, XBRH, Tht*
VEVITHBAV VENRETFON, NO2 ok 2EBHMESR & LT OMEHENROB
BALEAR CEE L CO A THENREL ONE, RETICOMBEI YL TR+ ED
3,
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v)y » &

NO2 OAEKFEE DO TIBEILIEE AR & B b MBFIR 0 Z LIz DT, Wistar
R v FEBOTEYE, BRSO ERRETERET - .

10ppm NO2 2 B[EI5%EE CTIIBBLIEEER T 1 BECHD LeZ2 0% 3 ~4HEHK
SHHRRE D 2 5L 72y UL Z0BBECETLIO~I4ERIRIEHBLNVIZRE S 2,
—7, BEBLIREC X BREEDN 64k EBHHIF 5 Glutathione peroxidase(GPx), Glu
tathione reductase (GR), Glucose— 6 —phosphate dehydrogenase(G 6 P D), 6—
Phosphogluconate dehydrogenase(6 P GD), Superoxide dismutase(SOD), Di-
sulfide reductase (D SR) HORMBEEIES v 2 1S HEBKN O2 RGN
BETI283HBEHL0EMLIELD, 5~7HEEIMaxinuml ~ViCELIABEEE T2
DU ~ERFL, BREELIEEAER &S E AR L, 0.4ppm, 1. 2ppm B LT
4ppm NO2 D 4 A ABRBOHEZHER T HBELIEEERIE 10pNO2 REOBEA L
DEFHENEECNEH 23BN BERELTHENL, 204, 2BEROBEALE
PRICIET I 3233 ~4 4 AHCOT TBEbIEE BT D 2o iml 72, —7%, BHi
FEEZEBI I A RECESUNVCET 3D, 2003 0MIETLTHEB L~
D CIEMETR L, BERALIEER & AR EER Ui, & 0L S RBR{LIEER
& B REE R A T O A BRIY/5 25{613 0.04ppm, 0. 4 ppn 5L T dppm NO 2 DIBHEZER
TH@RD o,

BHRERICBOTE, TBABRKXAMOBELIEERENNO, BED FRIIE, THE
mu, L2948, 1847 A LBBHIMOEE DN TS 2 0wkt L ChmRitsEs
WX A, 184 H LRBHMAEET 2 ONTEF L, BRIy VEFEIE L 38
BALIEE AR L 0.04ppn O 0 B EBE SN O T TR HBRBEL 0 EZ ML, Z0kmg
NO2 BE&EL, »ONO2 EZGUHOEEC SN THEML T, LML, 4ppn
2T ARBOBETHI S VARG LAHIL TR, &hEOBEEERT 550
TREL, UUARMESOBENEESHT 350 81 o0, WIEFINRST OFEN S
LIDILRBXFEIATH S,

VEDZESCNO2 BEIC X 2 BEMLITE AR & B LB IR, R8s
HTCEMTIBDTH2 AW ONE R ok, ShODEEMNS, HELIEIIMREE
NO2 REOVIMERE ¢ BB LIS AR mERREAER LT, Chiz—Hch
9, NO2 BZEOEIMLIC DN CHEHLMBMEEDETL, BCBBLIREERML 720
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T 23D THEIENHOMNERD, HERBEZOWMAED/NG v ZBNEE MO
EBALRHRICEC ARSI D EEDNS
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= = S
S a0 — O (P Q) Tk ST ORESEMREINS

F=2 = B AEAEEE 2 BRI DU

(1) #
N5 a—- k(1,1 —dimethyl— 4, 4’ —bipyridylium dichloride ¥ 7z methylviolo
gen, PQE MV &HE9) WF19624F1C3kE [ C [ #hic k » THR S NAEBRERTDH 3,
PQﬁ%ﬁﬁﬁ%ﬁ?kbmd%?ﬁ&iﬁﬁ%f%éC;n%ﬁ%@§@$%yi—F
P QEMAA v an—vs vE s TBARBIIENERT 52 L 7o, HC

il

X3 5P QOBHITEERBIRECLZDDOEELSTHS, PQIEL P
THIREBRLREER . UNizEdEEL, ZanEiTHEERAReLilsRed o
ST ) |

PQK&%@@%%EE&%?K%LT@§<®ﬁ%ﬁ%5°Bm;)@7?X@%i
suy —hEBSPEHTTENADPH & Cytchrome  C reductaseDHFELEF TP Q&
WA VFaR—Yag VT BEERENS - S TUINVENRERTEILERD, 035
IANEHEEREOBSE (02) F—BFERL, A——FFV 53U (0}
) BEL, BHixO: »o—BHEARE ( 102) &L, Thitk - THEOBRLAT] S
BIIN3EHWELTS, LHL, 03 »d 02 «@?dtc:om*cti%‘iﬁ@fxiﬁg)
bbb, —4, Winterboum "9%)2"54: 'Y oungman éo@biiﬁj_ﬁﬂ/\“i a— 5 TANEKRE
BEE{LKkFE (He O2) ORBICL>THELBEFuFsy53Uhn (- OH) Kk -7THE
BEOBBLAILE 5 L5EL T3, £, Nanni g”m;ﬁ%ﬂn‘a a-F MVT) &
O MRIBLTETAIMVT 0 R hooSBEYMNREOBRILEIISHECTEHWEL
T3, o, BEEFEERCEZFLVEFRVEZRIEELSZND PAO
B IERC IREERILRBIC L2 DOTRAEVDIEZLIONTVS, BE, Se X
iﬁﬂ%%%bkivF?dPQ&EK&aTﬁtﬁﬁkﬁb,W@TBAﬁétﬁ?%
EWVIFRE D, P Q&R Superoxide dismutase(SOD) %2853 3 EBEENEL <
BRL, BB OEET 320 >HE 1P QOBIABRILNELRC LS boTs
%ﬁ%ﬁ%ﬁbtméoik,@ﬁﬁxﬁﬁ&m;%@&&%ﬁé&m%br%smﬁm
;@ﬁivbfiyvémﬁm%,ik,Bmk60§8ekiﬁﬁm5vbfol&y
BEOHMERELTV 3,
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*f,ﬁﬂimaééa,PQ%?ﬁfbﬁmﬁmﬁﬁ,WWL&%mww&,ﬁﬁﬁ
MR, WPEEROHOBHEILSE PHRINTV S, PQICL 3mEE LEHELT
omwaatgampQ&E@Mm%%ﬂ%ﬂ&%ﬁﬁﬁ%&%ﬁ,m%ﬁ%%ﬁbk
P QA% O TETE F TNl o Rl £ Bsik 3 2 & &iC & - THiifgiie &gk
L,z OBEOEBE TR 3 EBEL T3, &0 S KP Ik B0
HWALOEEREL TR T -5 VOAREDRONG VARENELONS, 25775 /D
é&ﬁ%bf&é&,5vFKPQ%&E?%&%mni—VVé&ﬁﬁ@éthC&
D25 K VEKEOREEETH D Prolylhydroxylase'?%ﬁ‘&?)"i"é’ﬂ[l?"63R)C EWEREIh
T3, £k, Hussaint’jmbi YR7 SV -XBHREHWL in vitro ODEEN O,
O3 MEEHESEMIED ProlylhydroxylasefEiE 2 im& g, Thitk-Ta 5 -4 VERM
it 30 LR LE, BRESIS » OIS OBERECPQEMAZ 25— 7Y
SAMEEL, = OFRI Superoxide dismutase(SOD) ZiEMd & a5 -5 VSR
Wﬂén5:£®$ﬁ%bfméo:n%mgibé,Panéﬁmﬁ%wﬁ%W?é
Uh0: 8doT2s5— K YARMEETZEIELZDBDEELLONTVS, —F, 2
5 —F v OSRBRICELTRP QRS L » ciliEhica 545 — CHEBENEMS
%&@%K,35—¥Vﬁ%&§®ﬁﬁ@T§ECé:&ﬁm$gmmxofﬁ%énf
W3, DPEDXSPQREIRL-T, 255 VvERMEEShsEFdTas -y o
SIRBIRI b EEAE L TIOR3 D EL S NT0 S, LALENS, &
WS & BRI E SBT3 R TS50 DD TH D X0 O BELIEE & it ol
HHILOZ B O NI TR,

—ﬁ,%%ME%ENO?%ivbaéﬁﬁﬁﬁbk%é,%@@&&%E&ﬁ&mﬁ
BFEIR &E SRS EE Ny — v ERL, RETEOERCHE - THIRBEEREOET
PIUBBRILEEOEMAE 32 LEFHOMI LA, i, BE{LIEENSECEMT 5
%ﬁmﬁﬁﬁkﬁE:5:&§ﬁ¢gwﬁﬁ%bfwéoLﬁb,NOz%ﬁK&é%@
AT 2L FNBFE R BRAZ ZHOMNIIATHIEY, £, NO2 2L
MFPRPOL Fukryruyy (HOP) EAHEMT 3 &iIREINTH AR
He{l & OBIEME I o h TR, JRPPMFEFOH O PEOMEL L AR R
T35 ab\"ﬁ{i%m)%)&%o

SDEIBIEMD, KERTENO:2 BRBICLBMBHMLO X A =X 2P oMY
ZET, MCBRLEEEERL, »MOEURICHRELERI T ENTESP QTR
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WCERIC IHEE R TER L, 2 OREBRRICH Y SO BR LIRS A K & HIBLIER,
MEOZELETINO2 BEOBS LB LI, B, RHEOREBEICSTZ2 S
-5 v RHEERFOZEET~, FoBELIEELER & OB DO TIRETT 3 &3k
Jii D B HEL I > T T %W¢®tkn*z7mu/gbtmgvuzm?%#%%&ko

(I) EBRMHEERUHE
(1) RTINS - HRE
10840 J CL : Wistar M5 » FEAWKEkeSZ 0 10gD/¥5 2~ F (P

.Q,ﬁﬁ&ﬁﬂ)%ﬁi&ﬂﬁﬁ*aﬁ#bf@l@,%b@ﬁbfl,2,4,6,&
12, 16, B L U2UEIRERICRS Lz, MRECIAEAEKREZ P QOGS EECHERL
B L, £, CThEFTLTPQEIGHEEZREL, zoRRkExdiL24EEE
SERBEREBTL S v M OWTOFEEE, 16HLIRI0mgd P Q &34 Superoxide
dismutase(SOD) %2 1M, 24FEZCERG LS » MIDWTOERDIT- 2,
S O DA RE KA, L ThEke S D 14,000uni tsZ BE#IRA 5 P Q53053
BICiRE U, SHBEICIIAEAEEKRS 20VIESODZ2ERKN, O, PQREOMDH I
EEREKEBERERCERET 23000 RE L, 6, PQERREEROBIFNOK
BICHVLS » FORIERBCHSBOROMEE, PQRE#HLIZLE6ILTOTHY,
SODREERDBEILEIR LY 4 ~5LDDTH 572,

v PIRE24T 2°C, BENSTI0%0EATTHEL, ERRHIEERRE, 10k
FERE L, £/, NG5y MCIEHEAS ULTEICE - 2ERERES5A, fkEDKIX
BELALDOZEHCREE 2. PQOBRRERE 1HEBERCS » £ -7 VERET T
SEFRL D RLERL, BETTHRRREZRERSNT Y VI LEERRKEHALEL
DEAURAPBRICZZETERL, Z0%, WEMBUESCRSEREFEET VA
NEZN A TEREHRARE T-80CIRELL, ©6, 88 16EBLU24EHOP
QIREEHOHHNG 2IAEEFINGERL, Z0AMEREFNEEHEH L L TRy
YEEL, B0 oEMTwlo &5 o ABAEKCER LALFEREICH L,

2 Fikevix—Fofgm
5y FORREZRRRTFTCF 70 Y - HZAFETFAF I TEERL, 10%5EY 3

— MICHRBL 2, BB, kEVEZ- PEABEHRZDOHMILDFV v+ — (Erma optical
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works #HEIER C—3310) TR, B2FREFXH /T Y Y7 L THEIRNCHE L 72 50mM
Na, K-V vEEHKR eHT.5) Z2H0V, 10%FEY 2 — +t® 200xsiE 0 EFZEZTBA
RIGHES LS v S HEOREICAY, 105,000xg El EFO—#%Glu-
tathione peroxidase(G Px), Glutathione reductase (GR), Glucose— 6 —phospha-
tedehydrogenase(G 6 P D), 3 & T 6 — Phosphogluconate dehydrogenase(6 P GD) #&
HoMECH O, FiZ 105,000xg LiFEITiAEL%E Superoxide dismutase(S OD) &
MWECH O, e, ZRERTC2OXCHBUL ATV R - P 2ot Fufsyray
YEOBECHYD, 1, 2, 4BXT8HEBOMIC DT 200xg E#EH O Monoamine
oxidase(MA O) ¥ £105,000xg EiFHT D2 545 F — EHERFHEEOMELIT - 7.

(3) %@ﬁ&mﬁg,ﬁ&&ﬁ%iﬁﬁ&&ﬁ&kﬁ#§§®M%
HioBELEEZEORAED /. HDOTB ARG, MB{LEEZEOGP x, GR, G6PD,
6 PGD, SODEMSIUNBRILEYMEDIES v/ S HEOMERE ~FITRLA
FECH > TUT -7,

@ 23 -5 yRBEERFORE

a5 -5 YREEERT & LTlis LCMEho a 557 ) - FHERTEE MiEdo
P Z —peptidase W (2 55 F —EHEE . M, MESICRBOL Fosy7ray
¥ (HOP) & HioOMAORBEHEEREL .,

a) a 3%+ —EHERFEEORIE

WMECMFEFD 2 55 F -~ FHERFBEEOME L2 S -4 Y (Signagk8l Type
Lash5F -+ (Sigmathsl TWeW)%mmmxéwﬁgmkﬁofﬁokoﬁmd
25 =5 v0mgiz0.2M + Y RAIERHEER (PHT.1) 2.35ml1ZMA3TTC 5 HfEA V¥ =
—Ya Ltk S0ulomiEdsuikhio 105,000xg LiE0ulZNA, % D#16units @
255 F—E(100ul) MATEE2.5ml & LTITCTRINERMEL 72, RISBHRELS I
6 X6DTCAREE2.SmIMARIEEEZIES B, &6, 3073 Whatman No. 1 A
TILRYIEABL, BonikAE40uliz0.5 MR Y BEEEHRK 0HS.0) 24nlnix, &6
2 F luorescamineiz# 1 ml (Sigmatk®! F luorescamine30mgZ 7 & + ¥ 100mliZiAf#)
ZMATEELSOBBIRL, FhigkE 405m, 8% E AT5nmTHRHMEEARE L 72,
255 —CRERTFERRD 57 F —CORERMLLBEORM (V) &a5rF—¥
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BEOREERMLZBEOM (v) 7o, V—v/V=[EEELTHLA,

B) P Z —peptidase W& (2 54 F —¥HER) OBE

MFEHDP Z —peptidase FEMHEIEP Z —peptide(Sigmatt®E) ZMHW 3 Gries 6@75?23:-2)
KR - THREL, T80 50.5mM P Z —peptide /5% 1 ml (0.406mg P Z peptide
/ml 0.05M Y AEEEREZ pHT.2) liF0. Sml&mA, 25C 2HA v F 2~
a v Ltk 10% (W/V) 7z vEaE (pHS3.0) 0.5mlEMARISEEIES 7,
ZD%2.5mORVE Yy EMATCIOBEIEE L, 3000ME105BELSBH L ik, ~vE
YIED 440nmTORFEELBE L, F/, P Z —peptide IRICHOMLDHI0% 7 = v
BRI EMA CIEEREMLIc b D%, ZnFhoXBe Lk, Kb, E®-LLTSigna
8 Type VIa 545 F- £E2HW, )

c) B, MESLTRGBOE Fukyroy vEORE

Mot Fasyray YEOREICBHIRES LT2.5 %0likey - FEFEL,
ZD4Anlex VOMNBEBRECBL, 1ZNER dnlZMAERA — 7 12T 110°c 2456
KSR I, MBRIERFRTC2H/EBRL, RIABFRLLRHOZREn 20220
FRAERE I AN, THIZI2NIER 20l EMAERA — 7 12T 110°C 18E Rk 5 R &4T
- T, M EROBENTIBANE, ZFK4AnlEMA . CRODREZTHONEDEN
R THREER I EMER (Norit—SX 1, Noritzh&D #500mg 2mA, 305 RHE
BLIHhOoRELTHERRERESY, 20 LE%EL, HOoLFI6FERL, mMFER
BZ20EE D EERRES 2 2nllRY, AF0r o F FDEHES) 2157 L L TNa
OHTHML, ZRKRTIONIZART » 7Lk, ZOBRE 1mlZEH W TBergnand> D%
&“E%oTtFn#vquy%iibkoik,E¢®&v7%gv§ﬁJﬁm6®
ﬁéﬁﬁﬁozvaﬁvaayﬁﬁ%EKTMEL,ﬁﬁ@@ﬁéwmwazﬁth
nFry7ayv:2vy7F=y (HOP,/Cre) lEEHHBL 72, Monoamine oxidasefEiE
dﬂ%ﬁ%MAO-B-T%twwo#vb(m—;bn&va7iV%§%}%mw
Tm%&mTMEbto§E§d¢mﬁ7w7iv%@%&LTwaéwngmxo

THEL 72,
(6) MOHEEeR

Sy FOAEI0%DO R =Y YTCREIEL, Ta—nwEk—-5 7 4 valg, 4~

O # DIEYMEREZ/ERIL, Hematoxylin — Eosin (HE) Ztad 23027 v @ik
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Ui L/

(6) PRI pHa, Pa CO2 BT Pa O2 OHEIE

PQx524EEHD S v F L P QEIGERIERE L, 2oRkikEE2dIEL, 248HZER
BEAEMAELLS v PO pHa, Pa CO2 XU Pa O2 % Corningtt#le> /v 168
a—=v7 8% pH/MBEXF AT EECHOTAE L,
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(m # X
1 kEOZEAL

PhEke %72 0 10ng® P Q%3 1 HEGARERERE L7 » F & PQEIGEERZESL,
Zopks5A I LAEABCERLERFEAT LS » FBITHES » F O&EE{LERN
1SR,

PQIEHOKE BRI DEMBENGRL ICETL, 12EE TIEIARBEXID 8 BEEE
BT L7, I2HEEP QBERTIZLALKRERNE RS, 16AETRP QS
OEEIIBEL 013%, 200BE TRITHIELS, BRkEO2UEE CHBEFOEEMN 5
97+328 TH DI L TP QEREHTW 472£3% &3, PQEEHOEKEIIWR
BLO21%BETLE, $AZ0ERD, PQEREECTHEHEIGEAETZAZN LD
FETHINED ON, FECLESy FPOKEBERZNENHBHLOBUDETL TV,
7o, PQEISHEIESL, 20%BE5+ M LUBEEEREFLLS » FOKELITAE»S
ISEBE TP QEER G & SRR OEEEZTR L T e 20EBE LI P QERR5H#
X DO INCHMT BEmMERL 2,

2 MO R

P Qix5EtE 88 H, 168 H S X U2UBEHE ORI DWW CTRIEBHBFIRE LT - L ER,
P Qx5 8 HHE oI E £ & 9 3 REBRAIEHE & RO RENR O
7o (16) o —8BiciMianSe S MlasEMia @ Bronchiolization AiE S h (B17
), A TEERALIC W O M SR HETE SR ® o e (18,19),

P QX516 H 5 L U248 E o i< it ik, RENMIEOER REHR U HEEDH
KEFE LT BEROBE, T2 LHEEOHENED ol (20,21,22,23),

3 H{bERyzE{t

3.1 HMioBE{bissE & B bR oz

TBARRB & 2HiOBRILINEE &S v/ S HE ORIFZLERIR L 72,
8%, HHoMiSF oM RE(00) X 3EHRTRLA, MOBREKELIPQ
B85 2 B~ A PEHTHBERL OO0 EEENL 2, 20%, 6EEIOHB L~V
&Ly, SHEHEMSI2ZEHIKEIRECHBURMIR -k, 201, 16EHE) 5248
HCOYTHURBICHEML, 2488 B0 2. 1 fcilml Tk, TokHE
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PQE5DIHETHNO2 REDHA LERC, MoBRR{btiEEsd—F oz Ti
B, —EHmLL E—HBRBURIVCRDBUHENT 250 THB I LARSI NI,
Fiodey v oS HERE R 6 HE  oBE ML §HETRAV~WMZEL, MR
B 1SS L, 20, 128N EE TR D 2UEEOHTIEH
Mo & EE otk CORDIES ¥ S HEDOREFZEIIN O2 RiEDIHE LRI
DOBRRLIEEEDOEAL LD THIFITH - 72,

iz, NADPH%HHAT 5 E7588% TH % Glucose— 6 —phosphate dehydrogenase
( G6 PD) &6 — Phosphogluconate dehydrogenase(6 P GD) &M DZREKRZE{LER25
WoR Uiz, ERBI4ICRURIES v S HEOERELOEGIZEALK, G6PD
BLU 6 PGDREMEDIES v S HE LN L 2ERFELERL, MOl BER{LIE
B ORI A R L, COKDBIEY YNNI S HEPGEPDBLTG6P
G D&M oML BRI A RITH O 720 OB IZ{LEE L oh, NO2 BROBA
LEH, BREEEO 2EHOP 2P0 BEMIONTETLIPL bOTH B I LN
ONEL o7,

&4, Glutathione peroxidase(GPx ), Glutathione reductase (GR), HXT
Superoxide dismutase(S OD) WEHOERRELERGIIRLZ, GPx , GRBLUS
ODEHIEO6PGD®RGE PDICRoNALIBREZEMIRSBDM o7z, GREHE
PQix55Ms 2 BEHTHBHL 0199638 mML e, 4 EE S 6 AETETETL, 84&
B o24EEEEBHEL D 9 ~10%EMT 2BETH -2, SODERIZHEBENS
DEMCHEMUITICD 4 FAETHREL D 13%EML 2236 BH~ S BEHIMT THEFET
L, Z0R12E~4LAHEZI~UREEDEMERL, DIHTEDHBIH, 0L
BSODEROHMMOP QBB X > TA—N—FF Y F - 5I00( 0F ) OREN
EdUons, gk, 20ERELEHoBB{LEEE0RRELEANLTNS, 0
LI BRERMN S 0: MEE L BEBRLRIENE 22 &SRB S N5, BELIEE
R#d5GPx BHEIL2:E, 6 ESIUIGAETCRREHBHEIELLLVTHY, 43,
838, 1285 LUUBEHTRELARNBHEHLY 5 ~UBIETLTO R, £, hohiEk
LSRR S o 8 BH TR & nict B s 2 ¥imBolERE kg bithEch 24
YNZHESHEMSREOE L, BV THNR#EEO6PGD>G6PD>SOD>GPx @
MHTH Tz, T ORENSBEAIEEOSERIENCH L TG Px 0FE5LD IS v
JHESHRO6PGD, G6EPDREIPREMHTCHIDDLELSND,
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RIZPQZEIGEEE L, ZoliiEshil, 4BBEHELL T v FOMOTBA
FT & 3 BEALIRE & & DB LB IR S ORI AR 6 (R L, 16EELIEP QikE
kL 2 BolioBELEE R S RBOM LS FMEE L THAN, PQEERREE
D2. 1Ly TP MBS, PQtEdkc L - THELIEFEERMMET S 3 2 £A5R
ank, —4, PQREPILBROIESY NI/ MSHEIHBREGEALEDST, Bl
FREEECE S TENBELOETL, 6 PGDEGPx BHERCETLTOE,
E/, SODEMOMBHRLIZLALEDLORZNI EASPQksHIECX - T0: 04
BRZHEVRI > TORVDOEEDN S,

3.2 a5 rREEERT 0%k

3.2.1 Midghor Fesvray va

Fidigiho g BEESLYOL Fudkyrn Y vEOBBEMERRTISRL 72, B
Ot Fufxy7oy yEI1IEABNOSUBAHES » FORECE-THEML, 1EBE
3.00£0.21mg/gTH - 7o A24BEE TV 4.43% 0.58mg/g & 750 1 BEHOHE X D 47%3EmML T
Wi, PQREHOL Fuky o) vERP QG 1, 2HBCHRBELD 2
NZENRNE THREEET LA 4 FAEDRECEIBRL OENL, 1688 CustBiL
D30%, 24EBET45%BIEML 2, 3k, 16EELEP Qi¥EEhiE LA ROUEEO
LFosy7rny vEIHBEIOUKOEMCE LT, POtshLoTL Fo
FYTRYVE, LS -FYEOHEMBMETT S &ARE N, ik, 168
H, 2EHEHOELERO e BEES-YOL Fud v oy vESEELLN, MTh
ONLDIBFERELIBD ONEBh ok, LD L LD, fioas5 -5 vE&EIEP
QRSP ETET T 2P QBEEUHOEE - T4 iEnd 3, LHL, FiE
PEERTEPQEEMEETH S -5 vEEREDL OB -,

3.2.2 Rhorrusy7ruyv:sry7F=vik (HOP/Cre, HOPL)
KEaBMAR, 138, 2#B X4 PERRG 2 BB & RR L HO P oRIRZ (L
ZRI28ICR U, MBHEOHOPLIS v FORECE > THRAIETL, ERHEE (
10EGH) (X2 DA8ETH » 7228, 24BE GLEFE) TRI2ANEETLTOR,
PQxSHcldikE#4o | BEcHBRHL 2%, 2:HETEBYLFRIEML T
2, 4BEBLE2GEEE TRBRLOETL, 24HETHBRLD48%BETLTY
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Voo T, 1GEETPQEREATIELAZBOHOPILIIHBL UL DiEL ML, 24
BE BRI OFECENL T, COBRNOHOPIAMEIL Tz 1~ 258
BTcWdas -y voog@smEL, HOPIMETLZ4BEEHRETIE2 5 —5 v s
BFLTWELEEBEAONS, £/, PQOREHILICL > THOPEMNEMT 2 0o
B2 5 =5 Y OREHNTUET 5 2 EAREI NS, K2R IiioBBbEEE 25—
5 va E%iUﬁWHOPR®?%§%%K&®TTLK°.kT?u&(M®37 =5
vE&&E LRTH O PIEBIBRIIMPFZZEMERL T3, & OEEIZIRTH O Pl
mLas =5 YHRMEEL TS 1 ~2BETEiO2 S -5 YEEMETT 2 &%
RU, B, JREHOPIAMET L2 5 -4 YHBEMNMET T 3 4 BEMB oz 5 —

SEMEMT 5 LERLTWVS, T, HOBBRLEEED 4HE0 Y -2 25
FREHOPLMMETL, Moz s -4 vyEMEmLTH3, £, 4:EERETRIOB
B{blgsE = &R H O P IR B A L &R L T 3, & OFBRIHOBRILIEE 01
MmN s - UyRREFRCEBEL TR LERBLTOI D EEDNS,

3.2.3 MiFtht Fusxy7ray vyEEP Z-—peptidase T (2 55 F — FHEER)
Bioas -7 vELRPTOHOPHOB#EL2L OFELLAZ DI ZOHEICET 5
MAEPDOHOPEE 255 F -~ FRFBEOELET~N, 20 1~ 8 HEHOERBRZE{LERII0
Rl 7, PQREBEOMFEIHOPE 1 BETHIBE L 8% EmML, 2EETII
ROFEZEMER L, LML, 4BEBRBTISCHBRLIVETLELY, 8EE
THI2ZNOFEREFTERLE, COMFBEHOPEDOZE(IZRTHO PO &5

THEULTHY, RPHOPIIIMEHOPEA LKL T3,

R, PQBREEOMBE2 55 F —¥HEE (P Z —peptidase EHE) W& 1 BETHE
BL0 8% 2HETIOREMLLY, 4EETEEICHRBRLV29%, 8EEHTIHBY
BTL, Z20Z{L3mMFHOPELRTHOPLED | ~8 BEEDEBEILE LHBL
Tz, SoMFEPFOHOPED2 55 F —E¥iEHD 1 ~2 HEOMME 4 HELIR
DETHERIONO2 5 -5 vERmOEHERLBDONY — Y ERLTD S, ThoOHE
AN, 1~2HETRH2 S+ —EHRERENEE 0 25 -5 vRMEES hLE T H
OPENMMML, 4BFERECRa S F—EREBEENMETL2S -7 v HBEASMETT 3
CERKS>TMFPHOPEMETF LTV B Z EAREENS,
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3.2.4 MERUHE#SEO 255+ - FHERFRE

MiEs Lm0 2 55 F — EHERFEED | ~ 8 HE 0ERZELERBNIIRL
7o PQIESHOME2 55+ - tHERFEEZ 1, 2HETHRELD Z2nTnl8%,
UBEIETF LA, 4, SEETEICHBELD ZNEN30%, S0%63EmML 7z, i,
PQiE#EoOMo2 55+ —FHERFEED 1 BE T3t iBaL 024%, 2EE 32
%L ZNFNEECETLL, —F, 4886 §EBIIME LR ZnNEn10%&
19%3m L7z, £k, homiFEfghoa 557 - FHERFREERERI26ERL 2
fioas—4vag il aERE{ERL, MFEPHOPE, RIUHOPIS LT
Bhoa 55+ — CHREE & ESHTSEREMERL TO I, o ORRIENCIE
oz 55+ —FHERFEEMET S 31, 2HEECRTioa sy F - FiREENEE
D25 -5 yREAITEL, MEHOPEPRERHOPILIIEMY 52 L&KL, BTHi®
MEHRo 2 5455 —FHERREISENT 24, 8EBTCHRD2 745 F — EHREENMET
Las—Fya@iiiElan, MEHOPEPLRHOPHMWETIT B LERLTNS,
7z, WiRvMFHmoa 55y —FHERFEEMEML v AR Eio2 5 -5 v E
BELHEMNT I EERLTNS,

32 1 ~ 8 WEOMiO2 55 F - FHERFEMR CMFEHO P& & OMBEERL 7,
W ORI IEESBEOHE (r =—0.565, P<0.00D022B® o, fioa s+ —¥H
ZERFEREMEODOEFLMFEHO PENE L, Bihioa 55 ) - ¥ HERFEEN?S
DWHDOEEMFEHOPENEVLEERL TS, COLd o 545 F —FHERTHE
Wik > CMBFEHOPEMNEFHT B &0, MEHOPERMO2 5 -5 v HERARELL
REBINTWH3 I EARSI NI,

H33icizl, 2WEHOROTBAMEND 2 55+ —FHERFEROERERL 2,
WEOHEI bEETBOMEE (7 =-0.557, P<0.05) 2@B»on, HoBERILEESEN
BOHDIREHiOa 55 > - FHERFEENMES, BfioBRLEEENMBEL LD
2557 - FHERFEEI G OEERL, BERBENRHO2 55+ - YHERFO
BHCEEERIZLTVAIEERBLTN S,

3.2.5 Jii®Monoamine oxidase (MAO) 7Ei

25— YOBIHhTMNEEEIONTHAMOMAOREMD 1 ~ 8 HABDERKZEL
BB R L7, PQItEROMOMAORFERE 1 BEL0mMLIELY, 2 HAHLUERT
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EEEZEMARS O, 8EE TIIHREEL 03BKIEML T,

3.2.6 Superoxide dismutase(S OD) REEEIZH I BHD S O DiEM & i gh
tkFokyroy v

PQEMEBEHLEPQAREIENX > TSODERELLS v t OUBEEHOHDSODHE
b Fusyrny vEEEREELLLHO2 S -5 VvEFERSNICRLE, PQ+SO
D#HL0IEPQEMEREROSODERHIVIEa s -4 vaEWxIB# (Saline +
Saline #) % (Saline +SODH) XoHEEWHEML T3, £/, Saline + Sal
ine #, Saline +SOD#, PQ+SOD#HBLUP QBMREHO 4 HOBOSOD
BELa 5 -y yEEORICIHEZEOHE (v =0.618, P<0.01) ABRiZ3 2 &b
O, A=N=FFIF -390 (0} ) KL-THiDas -5 rE&EMMEEINTHS
CENHEEME RTINS, BB, T TRIEBShESODERIIERKIEELLSOD
WEBHBDTHENI &L Saline + SODEHDSODEHM, Saline +Saline LD
B, »DPQ+SODHOSODEMMNP QEMIBEEHOBLVBEN I LA ENISHS
PCHB, £/, SODEHEBPQII->THEHEINTHAI LHPBITREI N,

4 BRI pHa, Pa CO2 BRUPa 02
P Qa@g24mit s Ui & 1688 ¢ P QikE2hik U 802488 08k pHa,

Pa CO2 LU Pa O2 OBEREEERETIRLL, PQEEREHLIGEHIEZPQ
REHIEEO pHa WRHBH S IFRICEER L2, Pa CO2 » P QEERERE TN
BELODTMETLAEETHY, IGHERP QiE5EHIELLETH 1% 0N
ERULEBEETO IO HBHREOMEEEEIRD ORISR —H, Pa 02 WP
QEBRREHTHBHL O UBETL, HFEENEDONG, SOL5%KPa 02 OETF
I TOBRICKPEIRE s THBZ EEREL TS, 16HEE%P Q54 dkL
BTEOSNBEOBETICLEED, NBHEOMEEEITDONAL AT,
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(V) 23

ABTRNS2—F (PQ) #HVTT » MCERNITSHEELTER L, 2 ORERE
B B OMEBLIEE K & BURRLHER IR OZ/LEH~, NO2 BEDIBE LR L
ko%@%%,PQ@%@&?%%E@%%#,%aﬂéﬁégﬁéNozﬁd@<ia
B, FRHEEREIBAE T U 3 BRMLIRE & RS ER ORBE{LEINO ., B
BOBELBOTHUL fe/y — VR LT,

TBAETHEEL HioBB LIFE R P Qx5 2~ 4 BEEH» I THEnd 3
A, COHMEI—FREDO DTS §~IZERMAIT—HERBL MRS, L
L, ZORIG~2GEB I THEUBR{LIFE R MY 2, S0k d> ZBEEEOR
BFZEfbc s U CBMb I 0k y v 7 lESHEPNAD P HIHARE¥ZED 6 PGD®
G6PDECOBEBESHABTRALEY, By v X7 ESHEQHNNMHEETH -
foo PQREIZL S TINOHiOIESY v ESHE® 6 PGD, G6 PDEMEAGRICE
L &, Omaye 674)(7) Se RZ 5 v MREkgHAD25mgD P QERELLERTH
FHOoNTWS, £/ Bus 6?) b5 » FZ100ppm®D P Q% 3 BRIERK S € 2 LHONAD
PHEEREB#FEDOGE6 PDRPGSSGHOGSHADBRAMMEYT 2 GREENZL (18
Il Ee@wmELTN S,

—7h, AEBROGRERIP QERSHE RO MNHMLEETH, GPx FEilx
W > TRIZEAEHE MY, TUABETHEERLZ, SODEHRD P QSLEthh
TNTHEMLABETH - kAt & OSRHZELIHOBELIEE B ORBEL &L
T enb, PAQRBEILL -TO: PEREH, C00: PS5 L THEBRILRIG
MR e Z MRS NS,

Wﬂnmgﬂﬁf—b5V%iﬁ7%mwTva®¢W®PQﬁE§%MEL,PQ
SRIRNERE SR Z0REAENERT 3P ME B CHUBBIZEBL b AE
%?ﬁﬁbfwé:&%%%b,iksmmgmeQ®ﬁMdE<3~4E?%®%~
100 AR A T I NE LA MEL TS, TRODOWENORERTIIP Q5
—BEHEEOD S » MDD TIRFET TR &, D, BELLP QI EAEEEAN
SIHRLTVZDDEELONE, TnYAI, KERTR O hlioBRibiEEso—
HEOHEMIP QZNEHAC L300 TRHBPAREE L > THTELZ 0] MHIET 27
V=2 VR VRIENRG& L8 - CEERICIFE BRELRIEAE -, SO PQER
BIRET 3Ltk -T7 Y — 5 VA NRIBA—BIEES N, I BEALITE NS
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LT edEEALOoNS,

—7, TOLILTHULBRALIEE2RHT 3G Px BHEOHMMNED &Nt
L0063 2EE, 4BECHEML BELEE R 8 ~ 12883 THBL <V E
ol TOTEEIHIGPx BHAMEMLIE &b Vs ESH (EIXGSH) ©N
AD P HEHGHAHEM S NI BRILIEE OWMEMHL S 3 L 2R LT3 30 EEbh
B, LAL, 16EBELRICEIES 7 SHRE6PGD, G6 PDEMMNMETT 340
PO CBRLEEIEMT 2B 003, COLIRIENLBEEEDOP QR
HRS I L MO BBALIEEERIMEC L CTRGPx L0 b, & v IESHEDS
PGD, G6PDREHOMEMCILZNADP HOMEMASBEINCIER LT 3 2 LHGRE
aNd, COXIEPQERELABATHNO:: BH0OLA LEECINOBELIYE
HERRIC & - THBLHEBIRAEE S h, 2 odRIMEIC EELSRE AR L TH, “hid
—RKEEbDOTHY, EYoPQREERER & - TBBLIEE AR O MBI YER 3T BB H
INBZHOTHBIENPALHIEI -,

APFRTHER, PQITL BIMMHEERE BRI 513 2 5 — 5 v REBEEERF o
FEALEF N, FHOBRLBEER E Z W oRF ORI DO TKRETYT 3 & & bicliow
LI - TRPMFHOL Fuky 7oy yERED LS BT B4 ~k,

P QI B IEHE OREBIRICH VT, PARS5 1~ 2 HERMEHOPERRHO
PIEAEML, ZOWHRO25 -5 YEABERIETT 3, 208[025 -5 oo
M?é4EEH%TMMEHOP§%EHOPRM@K&TLkOik,8,w$&UM
B & P QBB OEE 1 - THO#BHLILGER L 72,

A=Y VORREIAS TS —E L2 55 F - EFHERTFONS v RICL - THES N
TN, ARBTRONLMFEHOPEPRHOPLOMMPETIREDO NS Y20
AL > TR > TV BB0EELLNG, 7u77 —FHERTFELTHAONS ay
—antitrypsin ¥ o2 —macroglobulin BRI TR 2S5 F —F LEALTISHF F —
ﬁﬁﬁ%m%urw%?al—mﬁuwgnMH?é&éh,M%¢@TD%7—€ﬁﬁ
DRIREHEL, RAELHIBEDIES & OB IE ML, 54 —A, <o n
77 mVBBNIFRRI O ENZ 255 F —FHE LD LT ERAR T ST —
%mgumm&g%wmurmaagbnfmgnomxg”uaﬁg(mmmgwi>
PPQEZ » BT 3 LMiFhoa 55 F —CHERFEAIEML 6 8 B i1z
ﬁxD%A%%%ML,—ﬁ?3aﬁf—ﬁﬁﬁﬁﬁﬁKﬁTﬁéct%%%bfméo
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AEBRTRMFES Lo a 55+ - FHERFRBC DO U EMA 2R, kS
OMELERTOPQRE 1, 2HETHBITIMFERD 2 5 5 ) — EHERFHERITE
TU, 4EBRZBTEOCHEMT 5&0 5 2O ERL I, AERTHELL2 S
¥4 —EHERF ida1 —antitrypsin & &2 —macroglobulin BEETNTHEHD
EEDLNBEMN, Carp !’9/0>th in vitro 0)%5%?)‘6&’1 —antitrypsin 2303 ®H2 O2
HBRHVIFEFaRYSYAN (- OH) BEOFEMBBICL > TCARERLENZC &4
ElTwnd, FERTHRiO2 55 5 — EFHERFEEMSET LB HioBE{biEE
wEa sy —YHERFEE & OBCEEZSEOME (r =—10.565, P<0.05 »#E®»
onfeH, §iD 2 55 F - EHERFEEIMET T 3o BELIEE =8 nd 3
BHLD 1 ~28ERN 26, 1~28ED2 55 ) - FHERFEEOET LB
LIEEC L DLEA L0, GLAPQREHMINCA L 3EMBRICL > Tar —anti
trypsin BEDPRBEHILSINIE I LRI TRIBEZLIFNEHETHAD, 2DLD
Kﬁﬁ@iﬁ&%“l—mﬁhwﬁn®$ﬁﬁm®%§&LTJmmmngDMw1—m
titrypsin WEENBIAFF = VEREDFAZRFVOBILICE 2D D EHEL T B,
—%, 4EBRZROMmMERD2 575 - FHERFEEOZESIEMIP QLI LT
BN ESNARENEC D 7057 —EEEIENT 320 FETO2 55+ - FHER
FERVBRACE AR EING LD EELOND, oz 55 F - CHERFER
FMFE MLV, 2o0FERERTENLLZ7vus7 —E0Ra2 55+ —EFHERF &
%ébnva?ﬁx%ﬁokga HEVEPQTL > THERINHEREEIECX
S>ThD2 55 F —EHERFIRERILINE D EZLIONG, T/, MFTO25
7 - CHERFEEOHEMEOBELIRELEMNT 2 L HE OB OB N5,
BiOBEBALEENEMLHAEEI NS - Ltk - T, MEhca 55+ —FHERFED
FMESNTL BARBEETETSHL, T0L582 55 F —FHERFEROEBRE(L
M5, PQEREYHOMFEHOPESXURHOPEOMEMENi® 2 55+ — FIHERTF
BUEOBETIEL -T2 5 -5 VHBMEET 2 LItk - TRIZDDEEL OGNS,
T, RNEL ST Eioa s - FYARMETT b0 EEL on3, ioad
'y - CRERTHEOBTR L 2W0 2 5 — 7 Y SROEEFERIO 2 55 F — ¥
FRFREECMFHOP R OBV EELAOHEABD ONAERIS DX
b, —F4, 4 HEPZOMFEHOPERLRHOPEOETRIisLNMED2 545+ —+
HERFEROEMz L > Ta s -5 ySEMMElshc stk eZiohs, Ly
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ML, TOEIBas K UyHROMPIEEBIZ, Hoas -4 vEENEELTH 3E
HICEBARMO2 > -5 vEEREMT3b0EELONS, PQRES v Folilicita
5—VV®Eé&ﬁﬁﬁ?éc£D%,PQ&%axaficéoéﬁai—EVé&%
%b%:&u??uﬁ%éntmgmﬁ,i%%?b%®SODEﬁ@%m#BO§@%
ERES T ok, $, SODABRSLAERTRIO25 -7 4B ESODERE
ORICIEDHEE (v =0.618, P<0.01) A R ohiz, ZORERIIEENTIED 3H00
D27 =S VERN0: KL-TREBINTNIZEERET I 0 EEbNns, 7z,
0t W&L327—F VEREIMAMEINZOEHBETC2 S -5 Y OSRIZHTH 8%
HEEF A OIEFANRAIC L DRI O RESINBZDTH A5,

—h, A5 -F VORI TRBEHEhI L Faky oy v o it
:5—¥vam%¢g0:tﬁe,:5—¥v®ﬁ%ﬁ:5¥+—€m%i¥%ﬁ®%m
Ko TS NISEEICRARSI aiEa 5 -5 v EUAmASDCEET 3 00
EEALoND, KERT, Wiagthka s -5 v D2z H 3 H 2 Monoanine oxidaseElE%
AELZEZA, 2E~ZPBRMFITHREIHEML T, JOEENS, PQikbix
EFRTCOBBHN TS5 5 Y OBERMEEL TV B30 EEIOND, COk
FRIENG, WD 55 vEEOENESIERILE ) 255 vARoins),
i) 25 -7 VEROEE i) 25 -5 VOREEREESCL-TRI s LdDEE
Aonz,

—%, Yoshikina & HASEBETCHELAS » b THPa 02 DT &AM, Bk
BRE L OB CHELEEREIEMT A L EBMEL TS, Tk, BEETIOTE
Céﬁ%@wﬂﬁggﬁ&kﬁgmﬁmékémz5—¥V%&ﬁA3§%ﬁ%M?éc
&%%%éhfﬁ%ﬁzmeﬂgnmﬁ%mxnﬁﬁﬁmﬁﬁiﬁuﬁ%§%W®:5
T VELA2BEOEEEREL, VYV F-L0E2S5 K YER (25 -F VHREE
EEL) OEBENHIT 2LV S, TRREDD - MIAD 3B EBHOERE RO
R, BRIOBHERRIES 3 &0 5, AERZETHUEEHOHRMDEZHE (Pa O
) OETMOEHENTES 3R~ OBRERANETLTO 3 ENENENS, Tk,
COLD BEHRAMBOBTHIMBME L - THiDa 5 -5 SRV EES 3 Lo
BALIEE N 2 b0 EZL ON 3,

UEDXSIZP QIzk3 Mo LBEc Byiclioa 5 -4 v SRMETL, 2 D18
?dﬁwﬁ&m%géﬁmwﬁﬁéﬁﬁﬁiaawxofﬁwﬁﬁﬁaz5?%—6@%
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HFARERLEATHO2 S -5 Y HRMEEL TR Y, ZAK K-> TMHHO P =
PEHOPHEAEMT 20, 20, 255 7 - FHERFEEORBEIEMICL > T2
5 — 5 YRIRENRFIMH S NMFEHOPEPLRHOPHEMMETL, ZOEER ETHiOR
KR M oN LT 57,

—%, 2 5’)"}‘—'5*@I§Z§7—“5%Kﬁ%:'§‘5lﬁl?§a’1 —antitrypsin FEMHEOE T ILH
ﬁﬁ&b@@bfwé:aﬁﬁ%énfmgmfdefg“uNoz&be*yVy
FTHBATY (03) PIN2OFEERELLS v FORITR a1 —antitrypsin O X
525 —FHEBEMET T2 EER0AEL, BECX > CTHRENRE S 5 a5EEER
WL TWbd, £72, Carp (’910)@& in vitro OFEEMN S a1 —antitrypsin ML OFEHE
BB > TARBHILINZZENS, AF V¥ vy Mk D a1 —antitrypsin FEHEDIE
Tﬁx%%:yﬁgmxw7x*va()S~O)ﬁmagd<§®i§3§aéﬁ%

LT3, NO2 ZRHEICL->THMRENIREE 522 BB IHESLTWVD AKlein-
47)

erman © WNARSZ —Z 0ppnDONO2 Z21HERET 5 &Miva s -5 VYEEMET
5 EEMEL, £, Drozdz 6’7)¢> lppm ONO:2 % 180BREZEZEL cENVE Y b
DOl cikioa s -5 vyEEMETL, —HFTIMHEPRPOE Fudvray vENE
miastE2H/EL, Eodlioas -4 YEEOETHI2VIRMFEPROL Fu+ Y7
n Y YEOEMAMRIECERT 52 & 2R7%L T2, ShoOFBEEAEROP QR
SO LERL TV B, 2nE, NO2 BRI X HOBHILNELLFZCED X

SEPEAENTREIBZDHONMI DO TIIRETKRIT L ED 3,
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(v) /h» &

Wistar 25 v MkgREH /2 O 0mgD /X5 2 — F (P Q) %8 1 BEEE24BIEREA
5L, EBRICIRHEEEZTER L, £ OREBBRICE T S0 BRI IEE Sk & s bk
BROZEILEL o, NO2 FEDHEGLIERLL, 61, 2755 VUHEERF
DZEAL A RERICH N, FOMEMLIEE AR & QBB DL TR L %,

TBABICL - THEL ioBEB{LIEEE I P QiEHER, 2~ 4 EE I THE
L, 20t 8 ~12EEE M T—EXHRBR LV ~NWMZRE 2216~ 24BBE T TS T
mU, 24BE T BHOK2. | BiEmli, —F, RBLEMEDFEs v s HSH
w5, BHHIFRE¥E D 6 — Phosphogluconate dehydrogenase(6 PGD), Glucose—6—
phosphate dehydrogenase(G 6 PD) %$0#BEFEMIIEEA - & LMLk, L
ML, 12~20BBEEI T THRL CETLZOEBEL o BRILISEEOELEEmB T
MR TH oz, TNODEERNS, PQERSLLBATOINO 2 BEOBS LHIET,
DUBRALYERG AR SR  O By P ¢ IR LIS R B I S B B . P Qs
DIEETH - T, PIBLHEBGHEES G2 CETL, BCBRLTENETD 300 i
THHBDTHBIENHOhER 57,

—7%, MRkt Fo+r7roy Y (HOP) EPRHMHOPHIXIP Q-SSR ] ~ 2
EE ML, 4 EERBRTHERBLVL D EOEERLE, ShiodLclioa
S VvERR I~ 2HEBIETL, 4EBRMER RN L 24 E T IR D 1.45
fBiciEmL 7z, MisLomEhoa s '7';}‘ —EHERFEEE 1 ~ 2 BEET LN,
IO BEALIERESRAICET 2 LEEMIRTRECEML 2, & n& B mE)
DAS5F—CHREEE L~ 288 cEnL, 4EELHETIHETLR, £, Hoas
T -tHERFREELMBEHOPEOEICREELAOMHEE (v =-0.565, P < 0.001)
PRDoh, MEHOPEOZELWIMTO2S -5 VYHRERMLEZLDTH B 2 EH0n
Bl £ 55 F —¥HRERTFEEMET T2 1 ~ 2B CiioBE{LisEE &
2557 - YHERFEEEOMICEEZEOMEE (r=—0.557, P<0.05 »3TIvohn
2o 25 =45V DZFIZH 3 ) % Monoamine oxidaseEMENE 1 HEMSEML 7z, =7,
SODWEMDHEMMN 5 0F ORENMEMISREIN, 25 —F VABRMEELTHS o
EMERS NIz, FioREEIRE TS, 165LU0UEHE P QREOEE i - T
HALOENED S, IR LBIRIMAESE (PaO2) dETFLE, ©hook

RO, P QUL 2HioHLBRE RIS — X vEBRMETL, 20ETFiIL
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IO BELIgE RIS 4 2 BHEBEIC X - THICEEST 52 545 ) —ElHERFIR
BHbLIhTHiTo2 s -5 YHRMEEL GEZ D, MEHOP=LRHO P MM
T3, 20%, BEAKREOHMCE S THAEESI NS &MFERIC2 57+ — EHER
FREMENEIL, 2> CHTdiEmL, HRICHitoa s -5 v aREmHL T
MFHOPEPRHOPLEMETL, Z0RERET2S -5 vE&lRkeEa 5 - rORE
DI DN THIOHHELIRE 2 DO TH B ENP LM LB 5 1,
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P et = e

=3
R b=ESE=mOFBEHEAETTIEHESESEsEIC R DS
S > RO IMyERTFERTE O 2 5 — 457 1%
EUTIEMS R S Rl sa k> ko

]

(1) #
NO:2 BB L - THiOHMIIRE 22 L BB CHMEINTH S, Freemar; QBO 1325
ppm NO2 [ZAOBRIETEL 725 » FIZD T, Stephans gé)li 17ppmN O 2 (Z90H 8%
FBLiT vy MIDOOTHiOBHEILEZRBD TV 3, KT F reeman t’;%ﬁ 0.8ppmN O 2
K%Z@@%ﬁbk%vb@%ﬂ,it,Hmmﬁgwﬁ&5me02K6ﬁE%§§
bk?bxmﬁwﬁﬁw%%w1m5oih,%¢;®§4WmNOzawﬁE£&UW
AHMREL S v P ORCEHLERD TV 3, —F, E2FTMOSMELIzE” - Tl
DIBEALIE & BRI IR B S EB/ Y — V&KL, BEUROZEECE T
PHEEEAE BT L BRLIEE QNI 3 L2 RVELE GB—8) , 3o,
FEHEINO2 WX BIEHILDO A 4 = XL EBPTZFRELTS2—F (PQ) %4
WT Sy MCERBICHBELERL, 25 -5 vyREEERF v THi~eg B
B o zORER, MEEEREREO (s TmEhoL Fuky >y v (H
OP) EPROHOPHAMML, ZOBHO2S5 -5y vEAEIETY 34 Z0%lio
A= VERIHMLEL, MFETOHOPEPREOHOPAHIIETT 32 %20
WEL7, PIHOMEHOPEPROHOPLLOMMEHioa 55+ - ¥ HERTHP Q
KX > THEURBREEL - TRERLEN, o255 vyHRMEEI N3 - stk
ST 5, ZDHOMFEHOPERLRHOPHOEBETFILHOBE/LIEE DM - T
MRRESNE L L > Ta 55 F —YHERFIFHCARI N, MiEEHN LT
FEL, BRPOCHO2S -5 ySRENFHTI S -TRI Y, Hom#iizzo
EERETRIZBDOTHI EEHOSMITLAE,

—%, NO:z BB L-Tas -V vREBEEEMEC 3 L HEBCHBEESATL S,
OrthoefergD#il.lepm ONO2 &0.3lppm DNO, 3L 0.27Tppm ONO2 & 2.05
ppm ONOZA R SEMBFEL LB, D25 -5 v AREBEEETH 3 Prolyl
hydroxylase TEHAHEMT 3 L &#REL T 5, £/, Hacker 3,3) it 5ppm ODNO2

ZIBEMABLABEOS » + OWOEEER 5 — 5 v EREWRD 5 —5 VES~D “C—
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7uy yORYABEETE~N, Fialas—ryvao "C—ruy vVRYAREI Y
B3I EMONO2 BEICL>THIiD2 S -4 VERMEET S LE2HEL T B, —74,
Ch&ﬁﬁﬂKMhmmngnﬁhAX&—(VU?V%)K3%W®N02%HB@%
TBIdLMi0as -5 rveEMN4BEIOSIIBEIIIITETL, Z5AFVyEEDLPR
@hfﬁT?%C&%%%LTm%oik,Dmﬁzgnélmm0N02%l%E@%
BLIELEY FTRHITOR2 S -5 VEEMETL, —FCEPRFOL Fuky s
Y yENMEmT e LEHRELTWS, £/, Kosmidor I;fi)’?’Kucharz Es—/J%)NOz
REIZL-TENEy FORBE FoFy oy YEHEESEMT 30 L 2HEL, Kle
inerman S LI T O#FZEH D 2 5 - VvEEDETRMmME, ROk Fekyray v
= O Slg-ClgMBoRE b biREciERT 3 LA RBLTH 3,
COXIITHEAFRNTE, NO2 MDDz 5 -5 vERERET 2 L0 I FHENDZ—F
T, fioas -5 vEEOBRTEIISEITLOIERTIMED KB AO5NSE, D
LB ENO, HEDEIANO2 & BMMOEHEIEZICE DX S BERER
TRID, ENNEDLIBAIZXLATRI 5 T B3ONEH ST,

—ﬁ,kﬁﬁ%%gmﬁﬁ%%a@?é&?%ﬂ%a%mtﬂ*éﬁm@@%%aﬁﬁ
PR ABRMIRER S 5 DI EHRREIR F -V HHREOFELE CREHRE Fus vy 7o
UV:¢V7%:VR(HOPE)ﬁ%M?é:t%ﬁ%bTméoik,ngﬁé7
ANWE =Ny FZROTAELENO, ORFEELRPHOPLILE ORI FERIEOHE
PRDOONBILEHEL TS, ThoOFERE, ROHOPUMNKRERWE DL
%@%H%?étﬁ@br?¢nk%&f&5:&%%Lfm%oLbLﬁE,Noz&
AL > TROHOPAEMT 2B ST, FRHO P HEmo A b3 mk
FORWHENO: 20RRBELWEOAKEEREL LToEHEEEES 2 LTEDT
HETH 3,

AEERTUENO: 0ZBESERLERESERETV 25 -5 v REBERF 02t
RN, NFa-PRBECISTEONBREEL, ML 3N02 OEE
ERET B LERAD L&D, FAEZNMETEESN TV ARTHO Pl o
FTHRBEEHOMIT B EEH 2,
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(I) EBRMERUEE

2.1 B¥RUNO: OREHE

2MERTEHI0E4D J CL : Wistar RS » +% 10ppmNO2 XZ2nN¥nl, 2,
3, 4, 7, 10BLCI4BEESRRB LK, Kb, ICTHWEREF» YN-—EE—E
*®£ﬁammkb@&ﬁﬂ?ﬁ%%@@ﬁ&&ﬂ&@ﬁﬁ%vyﬁ—wﬁm%ﬁ%%+y
N—TH>, £, EWNERBRTREEEASOICL : Wistar RltS5 » F%E0.4, 1.25 &K
U 4ppm ONO2 ZiEFEI8HY BEIRE L, NO2 BRES IUHMOEE EE—FITH~
REBTITo 7. BB, BUHEROS » FOBIBHCEHOSBLAIE DB, REHLD
BrOILTDOTH T, i, EBMRBERTIEIHRBAEOSI, 0.4ppm B TP, 1.2 ppm
BEdppm BIZZNZENO6LDDOTH - T,

2.2 WORHEEROHREY % — F O

NO:2 BEETH, 5v FEx—FURETFCRIUERL, EW%25 -5 vaRlE
e Ll UREEEAER BS54 —7 VIt ANST 2 HEKER - SRS e
Lico BWEAELEL D ABABKEREAL CERECHEL, S7uy - #5252y
FAF - kD EERRTCERL, 10%KEYR— Me@B L, COREVR— &
200xg 5 PRIEODEEL, Bon/ LiEA TBARIGYEE S Monoanine oxidase (M
AO) FEHOMFECHO 2, B O LiFik12,000xe, 105MELOIEL, &6w20
% 105,000xz, G0SEHELAEAE L, &0 LEO—8%P Z —peptidase Bl (2 55
F—EHRED L0255 F - CHERTFEREOMEIHZ, B0 0LEFR0. 1 mM
EDTA#4050mMNa, K — 9 vEEER (pHT.5) COBMER (2R &

Superoxide dismutase(SOD) HEHOAIFEICHW,

2.3 Mo@E{LiEE R, SODRFEROME
HOBELIEE T B AZHY, SODEEOREEL &b BT~ FECR

2 %:o
2.4 235 —5 GHBERF O RIEE

MOMAOREM L 2 55 ) - FIHERFREOHEIE BB A FRIHE - 2. Hii

D P Z —peptidase FEHEDAEX 105,000xg E1F D 300ul 2T, BIETRL LIiF

42



HODP Z—peptidase FBHREHRCH 7, T4, FOL Fudsryray v & DOMEIE i
DEBAEPE AP THRL, Z0MEO0eE, 2V uRRECBL, dnloETke
12NIERRE 4 m 1 A, &\RA -7 V2T 120, 4BRIMKARL 7. 20 E s
WRAREFERCE 2o Ee, 25 -5 VYREEERTE LCOMiE Fasyray v
B, 25755 - EFHERFEEBLTP Z —péptidase BHELIROE Fudkyrny v
V7 F=VIE (HOPH) W BoBCl~abBef-TliEli, 55, SbEn
DRHOPLOBEINO 2 RBIHEORIZDWOTITF» 7,

2.5 MioEREENRR

OB ABERIBUERONO RETHHEUHEED 5 » MO TR L L5
DEWENT, WiEI0%FLY YCREELT M2 — Bk =-S5 7 4 AR 4~5 u
@ﬁ@@i%ﬁ&b,HmﬂwﬂM—Emm(HE)%%&%“M?%V@%%%L%&
L7

2.6 ImoEHE g kE

MEERAARES ) OLEROBEETH oL, MAKBREREEOMEED L5
C 2 BEMEROEREENORY, BEESLVORIEETHOhLI,
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(m & X

1. BHREFER

1.1 MWREEEWEKE

10ppm ONO2 2 2 BREEERELAL S v tOEKED LY OENOEESEIL L EROE
KEOBBEMERGIR L, 5k, HhoMidSHHoXRMA00) I 270 %
TiRL%, NO2 BES v FokES LY OEROBERILE 1 HE TR LEDY
BMoN2BETIHNBRLDI4Y%, 4BETE23%EML, 20RIETEMLI0H
BHTW28%iEmLiz, UL, HHETHUNEEDOLSVETET LR, NO2 2§ 2
HERDZOMEBEELZ T~ THBR OB THEEEERL, A&k 1 HED
SI4BEE THBREEDD BN o, TOBRNMONO REEICK MEEE O
B KGLIA DRSS OWEINZ X 5 2 EARESI NS,

1.2 WoREIREEATR

NO2 BT H BT AEE S M o I g TR OB & B OIS
SO NE S, 2, WRHCEEE L i R OIEANE b hk (237,
38,39,40) » UL, ML < B IR OZHLILE 5 it o 7. NO 2 5
ZIMHE T THEHIOEBEEIEETH -2 (K41,42),

1.3 A{bsrzdb

1.3.1 Mioas-—4FYrEggimFhot Fesvrny va

tFosy7ayy (HOP) BORLAMOD 5 -4 v&BLMBOL Fuky 7o
)Y (HOP) BOZBZLERMSIR L, WO25 -4 v&BENO, RE1EET
ETETLASE QHENG 4 BEEAFTERCIEML, 4 BETEHBRL D 12%0
HESHMER Lk, 20 0HEZCRABEO L ~LEESLTORAIAEETR
BTFL, dBEO6 WM EEE sk, T, BRI LMD s -4 vags
WRER & OB CEESEOMEE (7= 0.526, P < 0.001) A3» 5N, & OREN
S WEEEOHMO—EE2 5 — 5 YIRS ORI X350 TH 5 LT L, TH 3,
MAFHOHOPEMNO2 B 1 HEIBRL D 5 %EEET L3 B Hic 2R
VIR 572, Z0F% A BENSI0BBOTTHBRLY 5~ 7 %HmL, 1085w
WEEBHMER L, MBETEECHBELD 8 WERERTFLANEEELED 5L

4 4



Fo Eiz, BRI TELAMBFEHOPERMOHOPETRLA2 S -y YyEELIZIEE
TURBEBELERL, £, BYTCRT I EAMEORICIFERLIEOMEE (v =032
4, P<0.01) M@EDONL, ZOEFJIMEHOPEDHMMID 2 5 -5 »EFE DM

EBABDTHBI EERMLTNHB,

1.3.2 R rFusvruyv:2v7F=vik (HOPL)

MBI ENO: REHOMHEORFTHOPIEE G IRL A, B, WRBEFOREN
SIHEHOMBELTHWLZIED S » t OFERD ChiIMA /oD (n) X8 T
Hb, MEBBHTIIROHOPIMN 107.4+11.3TH -2 DIHLTNO2 BEHTIEZD
EEA388.62 3.4 &£75Y, HBHIOMHISKRENVELRLEEEZHED ONL, TORREIE
I4BEECMEHOPENHBHIOVBERECET LTV D EERTDH - .,

1.3.3 HisLUMEBERDP Z —peptidase FBHEDOZEIL

fiids KOMFED D P Z —peptidase W (2 557 —EHEEH) OFRZELER4SIZR
Lize NO2 R#E 1 ~2HEOHDP Z —peptidase FBHEOBEMIZT LA, SHETR
MRBLOETETL, 4HETEHBRLD 9% THEHTRI4%EEML ., LiL,
IOHHTWE THELDETHETL, MRBRHOI0MGECLEEZDIAEETRHEBELID 6%
BEFICETLL, £4, SHERZEOMOP Z —peptidase BHOBBEILMBEHO
PEDERZEMIEYULTEY, £, B4ICRT L 3HE~IMBEHDHOP Z —pe
ptidase FEME&IMEH O P& & ORICIIHESIEDOEE (v =0.389, P<0.05) 2% 5
nic, ThooERNS, MidP Z —peptidase BT 2B Ifioa s -5 >
SEMEEL, Z2O0NBEWMTHAL FuFy ) UAMBERCENT300EEE S
na, _

7P D P Z —peptidase FEMEIEINO2 BFE 1 ~2BEEII THBHLV12%~9%
BEEEMLIBECEHBL VIR sk, UL, 4BEICEHEBRLOITHIETL,
COUXNIEMEEETERELTOE, 0L, MFEPDOP Z —peptidase FEiEILN
DO P Z —peptidase FEM: & 3HRD CHBRBYISEEEELERL T,

1.3.4 FROMEO2 55 F - CHERFEEOZIL
i LOMIFHD 2 57 — ¥ MERF B OEBZERSOTRL ey Fid 2 55 5

45



FHERFEEEINO: RE I HE»SETL, SHERRELKYHEBEL V6% HIE
Fli, #0Dt, HeHEEL, THECEHBL~VCEL, 10BECEMEH#ELD 9
Y%iEmL, SOU~WIZIdHEE THEEL 2,

MFhoa 55+ - FHERFEEOREERIC, NO2 28 1 HENoET U hi
TRONLEEDETEREITIHETIHHBHELVIINEREDETICELE S, 20
%, 4BEREIHBL~LciEoE, THERISERBEX D20%EmML, o v~vidig
FI4HEHZE CHELA, ColiFhoa 55+ —YHERFREERmF RO 55 - €
BEE & 3THBEELERL TV, £, MibXUMEDa 35 — FHERFE
BB TAR O | HEMS 4 HEE CREEOBIWHEEZIEDOMHE (v =0.025, P<
0.00DA@BH ol B » ChodER»Mo, 1HE S dHEDOMBE2S5 > —F
MERTFEROBE TR0 55+ Y HERFOBE T L > TR - b0 L Ebh 3,
—7%, 4BERH#ZOmE2 > 7+ - YHERFREEOSESIEINE 4 ~108BE THEML
Wioass5dh—¥E2ELDETIHLBT0FTT7 — €k - THMBI SRS I Z30%
CHRZTHBTZOERMNRA LB > TMFERFCHESNTE LI LTI LEDNS,

1.3.5 JHii®Monoamine oxidase (MA Q) EHEDZIL

FoOM A ORI OB ZL £ BIS2C T L i, FOMA OTEREENO2 B 1 HEHA 53
MUAHBETRHRBHELID2TYS, THENSMB BT TIBEEL 0 26~34%HmL
f. %5, NO» RGHOMA OB | ~2 BEHZRS WRE X oM HEEE% Ui,

1.3.6 0 Superoxide dismutase(S OD) Tk BRALINEER O & Mo 2 5
¥ — C R ERFE O

0 S ODREIEE T B AETHE L L BE{LIVE R OEBZL 53R Lk, FioS
ODEMINO. Bf 3 HETHREL D I0%OBEERETERLAN 4 BEIHEL
NVEZETERER L, 208, THEMSIOHERMITHBRESZ VMDD K
Moo, 148 B IRE L 0 14%HINL, BEEERLI,
FOBBLISEREINO: RE2 HEAS2BTHMLR LY, 4HENS THHEM
FTRALV~MIZEL, REBEL DH80%OFESMIMER Lk, 20%RI0HEM 5148
B A TR L ~WziE5 2SR L, 4B ECRAIBREL YD 9 %OMmE & &% -
oo CORREE—E R RLABRIVEC-IJZETIHRIBERIDEL -2 0
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BaxbDLEL, KSHERXPUVRDODADF v YN—FHN I LI X OBENE Tnild
KT BEITHD, Kb, RMISRTITE( IBENSG 4 HEETOMOTB Af
Lo a 55y - FHERFEE & ORI EEESEOMEE (v =—0.585, P <0.001) %
@B oNt, Fl, OBHTRELNCRTIEKHOTBAEEMFERO2 S5+ —¥
MEEFEEE OB bEESBOME (7 =—0.402, P<0.05) 2@»onk, thd
DFEREMS, oo 557 - tHBERFEREOBET RO BR/ILEEERICEEST 7Y
— 5 A NDERBBECL > CHO2 55 F - FHERFIARERLEINE 2L 3
LEZOND, T, MFED2 557 - FHERFEROBETRIHTOAERMIZILS D
DEEDPN3, 351, 1HEDS 4BERERGEIRT T ELMOTBAMEMAOR
P& ol IEDOFE (v =0.528, P < 0.001) »@» 5 i,

2. BHEREER

2.1 MiEE=ELWESKE

0.4ppm, 1.2ppm BLU 4dppm NO2 18K AHIRTEL 125 » F DEREDH 12 DJiiiE
ERILEESIOA) WwRli, EKEHL ) OEERILE0. 4pon BLT 1. 2ppn TR
MBHERLDZNFNIUBESKETL TN, 4dppm BTEIBHLDI18KHIEMLT
Wiz, ULHL, BEEEEDONE o, HiEKERL 10ppmNO 2 REFEREFERR0.4,
1.2B& 0 4ppn FEBHBEHEEDLY I o, CNRODERENS, 4ppm BORNEE
EOEMIMOKRZILADESTH B LARBS NS,

2.2 HAbFRyZLt

2.2.1 Woas-¥v&E

EFody 7oy vECRLERO2S -5 VYEERZNZND S » F OEREREND
B, KEHLDOEMROE Fusky 7oy vtk - Tk, ZDREREHTD
B) Rlk, Aot Fusxy 7oy vyEHRZ0. 4dppm B TRABHIZDY Lo
2%, 1. 2ppm BETHBRELD 6 WETL, 4ppm BTIEBICHIREL 015%IEML TH
2o LML, WIONDFEZRIDONKE N oK. T, dppm BT25 -5 VEEDH
mﬁﬁgnt:&ﬁﬁ¢§@®N02mﬁE§§®4mmﬁfﬁﬁkﬁE6nk&m5%
HEHERE-HLTVS, 2O END, 4dppm NO:2 184 ABREHONMEERE QWM
O—EE2 5 -5 VYESOMEMI LD LEL ONDB,
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2.2.2 MmEHort rFosyrnyy (HOP) E&RPEFof:yrunyr:svy
F=vik (HOPLL)

H58D A) IFHOPE%, B) WROHOPLIERLUK, MFEHOPEX(. 4ppn
BTIHBRLIOINNBETLTWPIFTEZLIRDONT, $£4, 1.2ppn B & 4ppm 8
TEMBELEDO BT,

JROHOPLEX0.4, 1.2 5K 4ppm B L DHBHIDZNETNE%, 5% LT
RIETFLTW, LML, WIhOoFEZERRDONEh o, TDLIIINO2 184 A
FETCHMFEFHOPERLRHOPILIIMEMT 2 LG LAXMBRL VIETI W%
RUTz,

‘223 Wik O MEHO P Z —peptidase & (2 55 F — FHEEHE

BIS9D A) D P Z —peptidase #E#%, B) CMFEHD P Z —peptidase HiEER
Lo FiD P Z —peptidase WM SRHOPE &R 0.4, 1.2 85X 4ppm B2 & AR
BILDZNZTN6%, 24%BLT2B%ETL, 1.2ppm #2& 4ppm ZREXIRBEEE ORIICE
BEENRBDON, COREIOOa 5K F - EHREROBETICL > THioas ¥ v
SEMETLIRHOPLIWMET T 2d0EEL 5Nn3,

MFFDP Z —peptidase FEHEIZ0. 4 ppm B TIHHBHL O 12BIETFTLTOEN, 1.2
ppm B & 4 ppm BHTIIHBRHL D ZNETNI12% E36%63EML, 4 ppm ZHZ B & O
Kﬁﬁ%ﬁ%béntomﬁmpz—mmm%eﬁﬁuﬁwpz—WMMmeﬁﬁ&mﬁ
DFEALER LTV,

2.2.4 MEUm#EHRO 255> - ¥HERFEE

RE0DA) whioz2 55+ —¥HERTERE%, B) wliFhoa 555 - rHERTF
BRARLE, Ji02 55 F —CHEETERZ0. 4, 12550 dopn 8BS bHREL
DEZNETNIIN, 11%HIV0%EMLI, RDEML T/ DS dppn BTHIPEE
ZIEED o niih sk,

MFERD 2555 - FHERFEEOMEFEILLD10.4, 1.25X0 4ppn B &b H
BHL D Z2nen22%, 6% LTBREMLTORROTNRDIFEZIRD ONEh -
oo UL, COXI%a 55— ¥HERFEROMPIMFER COMMIcL -T2 5 —
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5 v ONREEMETL, RHOPLMETT2bDLEEAONS,

2.2.5 Hi®Monoamine oxidase (MA Q) & LD BEE{LIEE S

HI61DA) whiOMA OEREE, B) T B AR X 2Hi0OBRILIEE RS L,

0.4, 1.285&T 4ppm BOMOMA OFHILHBEL O ZhENn8 %, 20%H L U23
%ENO2 DREMEICHAZLTHML, 1.20mm HET 4ppn BIZGHBH & ORI
BEENED o,

0.4, 1.25XT 4ppm BHONOBPELIEE I BHL D ZNENI2Y%, 23% B LT
2% LML, HOMA O EFIL & 5 12N O 2 BEF I HAE L THIML T oo fe ASK BB
L OBICHERRRD SNiSh oz, F2IOMA O & BRLIE B OB XEDE
B (r =0.5564, P<0.001)»88Dont,
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vy % %

AMETHENO, OB LCBERRICLS5 v O, MFBSXITRPO S5
VRRHEEEF O ZLIc DD THN, ok & BBz DL TRE L, & DRER,
NO: BEIC k- CEEIC 25 -7 YREOETHEC D, Z0RMOBRIELCET
bDTHDIENPOLMEL ST,

10ppm NO2 BfE5 v FOWEEEILERE 2 BEMRCHEMULY, WoksamEl
MEEHE THBREZEDD B sk, COBENS, NO2 BEIC X S MEEEOHIMR
NERDUADBDTH B LRSI NG, ZOWEMLAERSO—FE2 5 -5V TH
BENPOMER ST, FiDas -5 rvE&EG 1 HETHRBIOETETLES L,

. 2HE S 4 HEHEOYCTRBCHML, 4BEIKET S P—#ELR, & OJv)\{Eb;thEI E]
T CHETANYHEETRIOBEO L RVEDIETFTL T (45 ,

NO: BHWL -T2 5 -4 vAREEAHE TH S Prolyl hydroxylase EiEA LR
% & Orthoefer gS) ko TEHESINTVSH, Hussain t’i?> WENO:2 &E#HRCHTiD
WML ER T AV Y (03) 25 v Fi20.2ppm 5 0.8ppm OEETRET S &, i
® Prolyl hydroxylase JEMNFEBEAV v OIBSOANEL ERL, ULHrHEEEDE
BLVEL BN, ZORBUHBLAVERZ CLEREL TV S, J0L S 5HED
5, NO2 EE¥IH T Prolyl hydroxylase FEHMEMNERL, Hioa s —5 v SN EE
LT3 EMEREhEN, a5 -5 vEEMETI34EEETRa S -5 Y&k
BTLTW2bD LTINS, —F, A—N—FFVF - 5VH1 (0%) i)*‘Pl]"olyl
Mﬁwﬂweﬁﬁ%%bﬁ5—Vyéﬁ%ﬁﬁ?éctﬁ??ﬁﬁ%éhfwgf+2&
AEBRONO: REOBASTRES LSRRI LS s -5y yEEFNEMLALT~10
BE@K@SOb%ﬁ#E?“MLTméb,MBE@&OKSOD EEIEECEmL
T30k as -y vaERT~I0HEOHIDETLTHaHHbH D, O OREE
BTH5SODEMEL2S — 7 VYEROBOBMEEZHHICHNT 2 L ETEE M-,

FioBBILIEEER & OB TAa B L, ioas S ryEENEECHEMLL1~48
B 3o BRLEERE EMAORER L ORICEEZIEDHER (r =0.528, P < 0.001) A
Bvont (B{56) . cOZEMd, TOBHTEHaS -y YEROEES DI, Hiio
BEALIE DY & ET L CIAOEHETMAOMERbSha 5 — 5 v O2EEEREL
THOB I EARBEIND, T, BELEESRODELEINRON THETEREX
BEE, s L OHEORENRZED O, Fioas -4 ryERICHHEMARON3
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C &, S0, BRLIEEEMNMET LB E IO RENRELZO, Moa s
L VERLETTAC b, T HEOREL A GBRLIEE S 2 5 — 5
EmLThadboEEbnd,

fioa sy F —EEEEioa s -5 vEE B45) BRERVSMZEmMUL 4 ~10
HE A THIBEL D HIML T e, & O, MIFHO P& MM L AX14E Hicika
5Vf—€%ﬁﬁﬁﬁﬁﬁ&@ﬁTb,C@%Kdﬂ%HOP%&%KRHOPR%%%
ﬁ&@ETLkoit,C®ﬁ®3ﬁff—ﬁﬁﬁﬁtMﬁHQPiémﬁKEGWQ(
7 =0.389, P<0.05) M@BDOIK, INOOERNG, MiToa s —F YEREGED
Hio (BT 5, Mbas5 -4 YyofEEE k> CQMBEHOPENEMT 20 &
RSN, —FH, 275 VORRCL - TlFERRPHtEnse Fusryrny
OB BAEE2 S - VicHET 3 00, MEBHEEAERY SNIlFEH O PEMD
¥ml THEWECR, Fclwiatia s -5y ERTEtta 5 -5 v adciEml T
2b50LELOND, LML, MIEHOPEMET LLI4BEE RO AEE S -5
YORBRIEATLEY, FialEas -4 UAEBELTVZDOEDELOND, HESE
PR onMgEREDE T, Widlas -7 vorRIEALDEZA 0ND,
fioa 55 -—FHERFEEEINO: B | ~4HEZHAITHREHEHLIOETLTY
7z Kenley l’o#é)l;tNOz BRBICK o THEERINS peroxyl radical PEICINO2 &R
L Tperoxynitrate ¥4 5( ROO - +NO2==ROONOz2) & &%%ﬁ%bfhéo
P oroxyl radical KRHERINSN: & RIS LCBBHURS £ 0T 5, BE Prvor 5 i
in vitro OEBNS 255 F—ERI SRy —EEHEHEET 5 a1 —antitrypsin H%
Tert —butyl peroxynitrate 2k - TAREHILINZ & EHEL TS, KFEERTIE
1~4BEHioBR{LEEE L a5y —FHERFEE L OREEZROME (r
=—0.585, P< 0.00D) A% b, ThiEINO2 REW XL DHIT peroxyl radical BB
5 L7288 ERR, % & Uperoxyl radical A Speroxynitrate DER I, Zhic
& -T2 55 - ¥HERFIAERAS AT 2 AREERBEL TV S, -7, fio
235 —EHERFEEOEFTENO2 BEICL - Tperoxynitrate RMERS T2 5
5 —EHERFERERLL TV R Db EERONL ), Tk, MFHO2SSH
F-FHERFEROETE, 1~4BEHOMEMmEO 2 55+ —FHERFERE S O
WHEZEOWHE (r=0525,P<0.0D)2RDoNnTHEIL, 361, 1~4HEOD
MR D2 545 - EHERFEE S oBR{LIEES L oM bFESBOMEN (r=
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—0.402, P<0.00) MEHONTWVBRIERBENMD, MTa 55 —EHERFHperoxy
nitrate DESHBDIK L > THESNE LRI VRIZDTHB S, ZDLIBENO
: REVHO2 55 - FHERTFEROBE TP QBEEMHoBA& LENLTH3, L
ML, POBEOBELERZHE2 5 F - FHERFERENMETLTCHMAEFTOHO
PEHMMET, GLALIH~3HTRETHHARLIZZETHDB, £, fioas—
FrE&eEbloRHICEPQOBADL I IRETES, & LAY 2EmAR
Lo SNODFRERE, NO2 BEWIC 255 —FHERFERENMETLTCH 2 S —
FURRIEELZVW I EERL TV S, 25 K UYHREMGELBRVOERE LT O
BIchioa 5455 —tHERFMET T 20 LREERCio2 55 —FERBBETFTLT

LEDID, HB3VRIOEED2 S5 ) —FHERFEROET T2 5 —4 v onmsn
RELZVLODEDELONS,

MmEFD 2 55+ - FHERFERERHOBELEENTER L ~icEd 3 4 HEWED
5 THEICAG TEAECHEML, Jhic-Thiioa sy F -YHERFEED ML 2,
Kkamn;mm2%m0N02K%ﬁbkhAX&—Td%§IBEK%®%7D?
T -EEEAEmML, 2EERRIIERO e sy —YHERESENLTO 305 En
L, MiFho 7y 7 —FHEFEEOENEHO w77 - ¥ERAFAHLTHLIZ &
ZRBEL TS, AERTHOL4HBECRITRIO2 55 F —FREERIH B L 0 1Em
LTz, i, HiOBBILEESBAV~VCET 2EENSMFETO 2 55 F — ¥
FRFEENEECEMT 20 P QOBAL—RL TS, JO0LIKI A0, I
B2 55 F - FHERT O MO BBLEERSEK L~ T 2 B irkEs
SN, KENMRIBIELL-THEMT 2255+ —F, ba0ik7rnsr7 —EEREH
B3 5D FER2 55 F - FHERTFERACSR LOETC KB LT3 b0 &%
AboNd, NO2 BEMHEETHE, CoLdBMETDa 55 F —¥HERTF O
Hoefioa sy —¥HERFOMMCL - THO2 55 5 - ERERENMETT 3 b0
EEZoNn3,

VIE, 10ppm NO2 BETHIOBRKEELERE—2DF &R ELTHio2 5 -5
VERMEEL, 25 -5 vEEOHEMERRIC S —5 v OZUEAMEE LTI o gdEr
AEIY, Fi, EE-LHEELEEY 3, o, o255 YaRbE’L T
WHOHOPREBIMY 2, 208, WD 5 —5 v HHRANES BRI IO BgE L5

TN

DONSHYNIEERZIREL LY, T, WOBBLEER 25 -5 vaBRET
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4%, LML, fioasyF—rHERFHEEOHEME 2 55 F —EREHOETIEX -
795 -5 YONREMETFL, MEOHOPEPRHOPLMETT 5, COLIE—
HEOBEENTHOBHILNREC 3D0THE I MWLM ET o7,

%, 0.4, 1.25X0 dppn NO2 184 ARG TRINEEEZ 4 ppn HOSTHIML
TR KFEEEOThOBEDHBREEDD Eh ok, 4ppn BHOMEBEEOHE
MLHOKRIPAOKRS ORI LB b EELONEN, KERHIELL2S Y VEE
wiEmA R SN0 dppn OB TH 7. T ORERNS, Z oy o—ERika 5
—Vv&ﬁu&abm&%iénéo:@%%m%¢;abﬁokNozwwE@®§ﬁ
RIS T dppm BED 5 v F ORI B THHELARED Sl L0 I REENEHRL b—
%9 3,

—%, MEHOPELMHOPI MY 22 &35, LLUARHOPLILIXNO: #
g ) FRICONTIE TS 2M%R L, < ORHOPHOETORER, MmiE-eh
D25y F —CHERFEEIMGDEN O BECERELTHEMLTNAI L, Tk, BT
WD 55— CREENANO, BECEFELCETLTINS I L3P0, fiva s -
FYDHREEMEFLTNAI LR EZDDEBA OGNS,

9 55 F — FHERFEREOERI SV T IO BB LR 0B - ThincE
ERECD, REMEC B LTI -THEMT 3255 F €97 057 — i X BHH
BOFREY C DB TZOARMEA L »> TIFEPERES AT EI LIZL D
BOEEZOND, £, 0.4, HLU 1. 2ppm BETH2 5 5 — I ERFEECEm
ARESNZH, Fioas -5 vEIHENLTHEY, COFERELT, TORKEONO:?
%@fd:5—¥vé&mai@ﬁ@brwﬁm:&a&%mb%bnmmoﬁwgmé
&4mmNozwﬁﬂgﬁﬁmﬁmﬁﬁwmﬁbfmamogt,&g%ﬁ4mmNoz
0TH HERES v F OWTIHISH A RECHERL THELAEICEITL TV A I LEREL
TV, cOLSTERMS, 4dppm NO:2 BEHRTHI8Y ARZELETCOHMO2 S -5
VABRMMEEL TV B ERESERI NS,

Z*EEBZL?)&? » Fiz0.3ppm, 0.5ppm 3L 1ppm NO2 Z30H, 60H B LT 1108
B, 20k 8pom NO2 A#HBEZEY 3 ERME Fuky 7o) yEI—HINIIEM
A ARENOEE i - TR CHBL<VIZRD, LADIOHREINO2 REN
BOBEAOFAECES B0 LEREL TV B, AKKEO 10pemN O2 BlEFRTE T HILE
HOPEPRHOPHIRAGUHEERI TIETLTNS, TOXIRI &b, FEK
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0.4, 1.285%T 4ppn NO2 187 ARBORETRHOPEMNHEHLVETLTY
275, FnLEcmBEBHOPEPLRHOPIAS—EIEML, Lo d 4ppm BHDENPFKITIE
muzmkﬂﬁﬁﬁ%ienéo%¢g®m4meoz9%3%@@%@?@%@%&
LABDTVIEY, TOLSEIEMS, PIICIFEHOPEPRHOPILAHEMY 5 &
HHhn 3B, Hog#bidE onvordblnin, £k, Woas -5 Y&K
u%m@&mﬁgiﬁaﬁcxémﬁﬁﬂ%aéi@—ﬁ@%%ﬁéﬁ,NOz%ﬁ@E
WLz N THTSENEE 2D EELONL D, ZLT, 4dppm BTRH25-5 V&
BROEH#EE, MAOBHOHMMEOATHWRZ &6 5 —F v OREFEEROEE, B
wa sy —ERERFOMEME 255+ —EEEOBRTIRL 22 5 -5 VO REENME
FFaI stk T, PQEOBELREHRCIiOBREILNERET 3D EFA 5Nn5,
KRELYE OREHEICET 2EENHERICE T, NO2 FEERERPWRES D
E¢Hopﬁﬁﬁm;zgim%ﬂ%énfﬁb,:®E¢HOPk®%m$$®ﬁ%m
ARELWEOEKREEKIESL LTOTHELFET 2 LTl THEHELBEILONS,
AERFEENSFHOPLOMMBEEREZ 2L, zoEmElioa s -5y vaRey
AR T B SR LB EEAGND, T, BRNCERENO, KEGSNAE
ST TBRLIEEAEML TEENEC Y, 235 7 —FHERFFEEIFEsha 7 -
5y SERAME S N THOBHELIE - 2R EIEETS AW, - THOE#iLoR
NoABELLAHOPEMET LTV AEHOANEEL RSO IRSBLOND LN,
—%, BRHOPIoMMIMSEREOBERTH 22 55+ — FHERFRBEAMET Uik
FRBSIbRIDIBEEALOND, o TEFHARICEVLTOMERD2 55 —
FRHERFEEOZELETRZ CLIBDTEETH B, 255 F - FHERFEEN
53 KRELYE O HSHETBORAL X - THML LD, BEFLLYT 3HELER
B BRET 2 ENTENERPHOPEROEMOBERELVERICERELSIZ DL
Eiond, S1RL0B L OEEMEOHARERPERPYOEELEORANLS HK

HL(HMRLEDBITFETH B,
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v) &

NO:2 2lbs LCERREEREITY, v Foa s -4 YRHEERFICOWT, i
DEEHEL & DEIE TR L 72,

10ppm NO2 2 EHBZCHIGOBRBILIEE R 4~ T BE M THRED 1.8 &I
Wimlic. ZOFRETL, YBECIIHBLNMCESW, o2 s -5 vE&8l2
H~4BEIChGFCRECHEML, 4HBECEHBH LI2fRcEmLl 2, o108
BiEFEd 25 14HETHIOBEEOULVEDIE T L, WD P Z —peptidase i (
255 F —EEREE Blioas -5 rEEsmEsEmlLiz 4B~10BHECH I THEMmML,
CoRmERE Fesyrayy (HOP) EdbiEmML T, 20, MBEHZE2S
5 —EREEIIHRBELIOETL, CoRZMFEHOPEPRHOPIRBIETFL A,
i, foasyF-YiHEiMFEPHOPELOEBREERIEDOME (r=0.389 P
<0.05) BB oONLI LMD, FioasHFF—YEBEEOEMCL sTHitoas -5
VORWEEL, MEFTHOPENEMYT 22 &AM SN, —F, b XUmERo
255 ) —EHERFEREZ I B~4BEHIEOITET LR, MoBEBLEEEIr B85S

b

LAOVICELREZRO TEEN O 4B B 3 Ba L 0Nl 2 0Z{bit P QR EERD
A LENL TR, Bk, 255 F - CHERFERMEFLL 1B~4HETHPQ
BREERBROGELEL LS CoBRLEEE o2 5457 - FHERFREE L ORI
BEZBOMEE (r=-0.58 P<0.000A#E» SNk, LhL, ZOBYE, Hoa
5 vAROETOMBEHOPEOMMILE: 5P QOB RS - LEENE O
72 BidMonoamine oxidasefEtEit 1 HEAMOHML 25 -5 Vv OZEEMEEL THBZ
EASRE I NI, WEFMBRTITH, 4HE LB ICRE OSSR s N,
i, WEEREL THEL O MHEEOEHIRETH -7z, 10ppm NO2 REFERTIL
Sk, OBBLIEEOEMCE > THoa s -5y YERMEEL, 25 -4 V&
MHINT 3, RLca s~ v OREBMMEE LIOBRMELIEC 0, £k, Inias-Llila
BUIEEST 2, SO, Hioas -5 raRSEELTNFERTOHOPE MY 5, %
D% S —F VRN EASBRICIHOBHELIRED o N5 4 BEIC ZEREXRE L
2D, il WMOBBKLEER 25 -5 vEEBETT B, LAIL, oasryry—+
MHERFEEOEME 2 55 F -~ ¥BBEEOMETICL T, 25 -5 YOoREMETL,
MFFOHOPERPRPHOPEMETT 3, ZODK D B—HOBEL T ORHEILD
BC2bDTHBIENPONER 5,
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0.4, 1.25&T 4ppm NO2 187 ARFEEIRTIL dppn FHOATEREWIEL 2 fiio 2
= vEBRMEMLL, MEHOP®EE, JRHOPIIINO,: BEEELTETT 3
AR Lic, ShEEByc, fioa 55 ) —EFHERFEEEINO BEIIREL
cHEmML, o2 sy F—ERERIEL. 2R LT 4opm BTHEEICET LR, MIOMAO
ElES X UBEBLIEEEEINO : EECEREL THEML 2,

o DRRNS, MOBBRLIEENEMT 2N £FEISH AETHE, Hioa 545
—YHERFEHRHOMEME 255 F - FHREROBETE L - Ta s 5 VHREMET L,
ZORRIRHOPEMETY 2, 2L T, 205 b\nzt){&‘b‘ LT3 4ppm BT

—FrEREREBRECHENL O, CoBEIMd t‘o 7)*’%&’%!,7*: 4ppmn NO2 518
AREDZ v + ORNCREDOBHELNRBD SNl &V IIRBENBFERE I —FL T3S,
i, MoBRLEEERIHOBELIISRIL, FEToa 545+ - tHERFOE
BRAREL, MiE%EA U TiiciEms 3o LiEflanik,
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F2FE IR & TR 55

TELEE (NO2) WIBOFKA S —PEPHOL VY v RETRTORERREICE
W, BRIBELORDICL > THELZ—BINEARELINETH 5, RICKIBHET
2 OBRENEBIE D LD REAOBENLEINTHS, #-T, NO2 Ok
RN B L IARRRCHET 3 FHEZOERER IS 3D OBOTEETH 3,

NO2 FE{bdsH, PRBOFERICE TEALTHEEERS ERIBL, e ZWRESE
PEELII SR T, HBoMEREER L T» 3RE0BRLITHEEELS ok
EHOFRERZINTVS, COLBNO2 OFEO—ERIIIEE 0@k LB L T
ZOTRHBOMEZIONTVS, FE, NO2 BEICL - CHCEERRLRIEIR 2
5 EWThomas HICKDISGBFIHIDTERE S N, LHL, Z0H%E  OPFREMNN
O2 REIC L ZBRRLIEE DI A R A e BRI LS - 7o,

—%, NO2 BELX > THOBHELENE 2 3B HESIRTVS, B, BE
DOBEBILICEE T 3 EEREN2 7 -V Y RBEREBERI T EMH LM ENDDD
255, NO2 K& 2HiDEHEVERZNCLOL S BBEENTRI 200 BT oM T
s,

AFRIINO 2 OAEEEERHO—IRZE LT, NO2 ZEICL - THEBBRILRIEIE
TEBEMNEIMEWSMCL, BIIREBELRIE & iEk b b imiiag & o B2 5 o
W BEEbBIT, MoK T 2NO 2 OFHEMRHED EF VERESD T, %
HBEbE 25 -5 Y REOE, SME L, '

B—ETHUNO: oz, HEMSITERREICLSS5 v I Offis XU Whole body
DOEEBR{LIEEREE & BLBIREED o HEREHHT 2 O PiB LR S O 2L Z IRy
WIRETL, WEOBENETNL, ZoBR, SRESICEREONO: BHEICL 58
BLIEE oA R L & v ik Y % — b Thiobarbituric acid (TBA) X
I EEORERC L > THOMNCT B ENTER, T, BERSBEEET COBER{L
FEEARRIIN O BEIREFELCHEML, BIINO2: ORBHRICEKEFEL THEMT s &
NS ER 5, T, BEMLIFEAER & PiE LI TTHAE SEFAYIC A SR T &
LF2b0TH3EMHOMER T,

10ppm NO: 2 FERIBREERTIEELIEESR L1 BECEDS L, Zo%kadciim
L., 3~4BEHTCREMIEL, DU LIOHETEMBL VIR 52, —7,
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BELIRE SR oMe LFm RS, B LY EOIES X7 BSHIX 1 BETIKT
350, BERAMEERNREMICET EIOFEINY, 5~ 7 BHEIE RSN
WL, MHEEZOUNVERRFL, BBRLIEEAER S THBNTH ke —F, 7Y
~ 5V ANEHRET IRBIEYETH S VitaninE OZ{L BB LIEEE R DL & 45
LT, TORRMNS, VitaninE EBRALRISEBITNRICE ED 320
& ofmlAN o BB S N5 BHBHERFO—2TH5 EMPHLMER 57,

0.4, 1.28&T 4dppm NO2 4 » AROEZHREBRER CILBELIEE £ 1310ppm
NO:2 EDIGEX DTN EN L EISHEERD 35, NO2 EEICKEL THmL,
ZOB—BHBU VRSN, REPHOEEC DN THUEMT 3230 TH2 2 &5
Homeloi, BRIMNRBIREERESOOWIES YN HESHERNO, BEMH
TIEMLU A, 2 ORBEBREIBELEEOMNC O TETL, HBL~xMmzE-D
&, PROBEBILIEE & PR ELERL 2,

0.04, 0.4 5% 4ppm NO2 ® 94 H, 184 AL LU2TH AHIEZOBHERT LB
BALIEE AR & BRI R EER CEENEROEER LT H ), WHEOB{LED
LOMPRITH 7z, TBAKIC X BHi0BELIEERINO 2 BEOHMICE TR
L, Lad 34 A, 187 A cRBIHoRRICONTHEMST 20k LT, BELMRH
FEERRHIEENERO4 A ALV I A, 18 A LREYBOBE I >NTETF L%,
PRP LY VR K B IBELIEE AR T 0.04ppm NO2 97 ABFZEIFEN S 3 it
BIOFECHEML, Z0EMEINO: EEIEEL, »ONO2 RENEOEE IS
TEML TV, LML, 4ppm 2TABRBOBETEIY VERBUG LABFLTO:,
=%, AMRLELCEBHER 0 Y =2 OB T4ppn NO2 %2182 BBIESZLAZS » b
DR TILHaE O RECHOBMELIRBD oh, Fi2TH» AHEZE L 25 » F OFiT ik
REOREOREETT 25, MoBM{LiZ18) ARBRSL 0 ECEITLTVE I L
AREZINCHOMI STV S, TOXHIRI EHho, BELEEENETENT 30
I o THiDBHELAEITS 2%, BRINCIOHHEILABRIIT 3 4ppm NO2 2TH A E
DR R TR OET LR BRABERIETI 200 TH 2 &AWL, it
> T4dppm NO2 RE2TH AHOBRLEEROBTRMOMEEZERT 5dD TN
AW ONERD, T, BEREORIMIMESR, 35bbiioRik&BEEL Ty
B HEH AR S 7,

VIEOBEL Y, FELHEREN O REOYMOBBMLIE £k & » THES
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n, ZOERBINCEELRIERLININE—IFITHY, NO2 ZFEOELID
NTHELEBTIREMET L, S BRLIEENRLIEDICEMT 50 THB I LNHWS
MERY, MRBEZOWMEONG v ANPEREEOMRHCWA LRFICE C 3TN 5
EHERE NI,

BIETUNO2 &L - THOBHENE Z 2 2 7 = X2 2RWT 2FBRE LThici®
BLIRE AR L, EUEcEEERAD OBHLER S T &N TV 3REHO
NZa—t (PQ) THWTERINCIEHEELTER L, % ORIEBIZICH Y B0 Bk
{LIBE AR & B LB R O EILETARNO2 REBEOHS LR L, BIZZOETH
%@ﬁ%kt@%@?n5—¥vﬁ%%§ﬁ¥uomrb%N,%@@&k%géﬁkm
Bl DD TIRET L e, ZORR, PQERSLALBSTHMOBELIEE LK & it
MR IEN O2 REDLES LRRICHHEBBERXTEILT I NP oI LR 51, T
HH, PS5O ROBEMLIEE AR IC U THREFBE S OB LR HRESZD
MBRLEYE OIS v ESHAFHEI N, ChodPRRICET 2 LHOBE{bEES
B UVICR D, 20k, BREDRERBEEEPESY Y7 BSHEN R I
BT9 2 LHUBRUMEERSLIEVICEITTZ2H0TH 2 &NHHBL, Pt
& B BEBALIEEE R IS B R TH 2 EBH LN ER 5, T,
PQIZ X B0 HLBE IO BBRLIEESER & dFBCEEL a5 -7 v Rghc
AEPREIY, WOBHLCEL Z AWM ERB ok, BELEEERCEES T2~
NW=FFYF - S5T01 (0:) a5 VYEREFHBIEFTTICHONTN BN,
ZD0: DRENO: £EMILT 2 Superoxide dismutase WEEDEMMSED W SR,
HENTED 3P QAR5 L -TCa s - YARMEEL TV B Z &SRB E N, &
7z, PQrBHHicEas - YHREBEDa 55 F —¥EEEEET S L CMEH
D235+ —EFHERFEROBETIRONE, O, fioa 55+ - ¥HERFEE
EBBRLIEE R S OB HESBEOEBMIRY S hid, BEREOHEMFHLY 25
5F - tHERFBEEOBETRHOFNETRO &0, 255 F - FHERFERD
BT AR EERICEE T 2EMEBECL > TRERILINE I LK B3 EEION
5oik,m%wmn55%—Eﬂ%ﬁ?%ﬁ@@?ﬁ%?@Kﬁﬁkﬁ;éb@&%b
nNd, COLHBNOa S5 ) - EHERFEEOETICL T, P QUkEHYTCRIEO
25— YREMEEL, ioas Y yvERNETETI L, a5 -5 YonR
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Lo TFERCHtichase Fuoyy oy y (HOP) ®PRBE Fukyrny v
7v7F=vik (HOPLL) 23 5, oz 55 - - EHERFREHEOIETIC X 3 i
D25 = VHROBEEEIMO2 S —FIHERFERELMEHOPE L OBIcE
ERBOMHEELIRD o BRI oINS, 20, MEHO2 55 F - EHER
FREMESEHOBEAEEEMEM L 2BRCERCHENL, Fo2 55 5 — Y HERTE
HHMF S TRAVIIEML &, FiclhfLRCEREOEMARShEVLERE LTI
EREENES LT 35 - HERFEESAEELI NS D, 30 -
Trur7 —EEENGED, Z2hiL-sTasy+ —FHERFERENAG I AT 2
BHTHAI LRSI NK, TOXI %255 F - FHERFEROEMMER S h 2K
CWRMFHOPEPRHOPIRAIMOZ{LL ICETL, Mioas -4 vyauicidid
maa@» onic, £/, 25 —% v OLEFITH I M % Monoamine oxidase (MAOQO) 7EH
DML, RHEFRIC b ZERELCTHOBBLERZ I s )N TE R, ShdORKE
Mo, PQIZLBHiOMHELE, MEENMLLWTO2 55— CHERLEN oM
LoTas -5 rH@EIRlcn20 LRI, 25 -5 vAR0EE 25 -5 voxu
BREECL->TRIBDOTH B LHFBENL, T/, BRFESCHENMAES
REBRCMFRO 2 55 ) - CHERFBEESZRISENT 201, MoBEibiess
g sRBCHsEESh, RENMECIIERL-TASHFF—Eh3kTesrT
—EREENEE Y, ThERAET 3D CE T2 S5 S - FHERTOSRMNRA LS
Sl LiEEani, LML, ZadBRHiOa 5 -5 v AREI Liiogdko
BERNCZ 2 &P oM EiE ok,

BEETEEUNO,: 0RMRERERLBEEZERLITY, 25 -5 vREEERT
DEALEFN, PQOBEEHRL, MOBHILIIHTANO oEHERFT 2o &%
Bz, ZORBEPQOBELIETER 2N 5 -+ Y RECESIE L OSgEbc
BLHDTHB ENPLMEL -7,

10ppm NO2 2 BB RBERCINO25 -5y YERET2HEN SABITEML,
4~10BEHE I TRDMEML L, LAHL, 2 BB TCETT 3 HEERLE, 0B
RALIRE & S BREFOP o JHTEML, 4~THEEII TR LML A 2 8%k
EXHB U NIVICR 5 2, RHZMNRR T THE, 4B ECHOBHELIER S N
Bt OREIL T HEL D MBEEO FMNBRE LK o 7, & Ok 5 SEEMNS il
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BoRENSRon/: THETREEL ZHABSTICBELEEE 25 -5 vHatEmlcn 3
boLBbnlk, —F, 275 vEFRT B0 Sy - CHEBREHO2 5 -4
SEMNROEMST ZEHCEmML, o, MEHOPEDHML i 2 Hllkcida s
7 — CRTEI B L~ VL DIET L, © OB, MFHOPEEECRHEHOPHED
HBLRVEIDETF LR, £, fioasy5 - FHEREOFTOHOPE L OBIICE
BREOCHENIRD bhic, JORRNS, MO 5 -5 vEEHERd MY 5 EH
D 75 F —EREENEML THRAMEET 2, Bbas5 -5 vofREEED ik
STHMFHEFHOPEMNEMT 2bDTHI EAWHOMEL 5, —F, HiBLUMFED
2757 - CHERFEREINO ZRWINCIETL, MoBBLIEE ML 2 ik,
ORBUCHML, Z20ZRWIZIEP QBREEROBELEHUL TV, c0L5%25
5 - YHERFEEOEMIM TRENMEC I Lk - THEMT 322555 -0
077 —E RSN OMEERRS £ BRI MRT 20EB S0 BEEINTL 3
bOLEBEAON, ZOWMORHIINO2 £5F 2:EMER MO 2 55+ — EPREER
T3adbDEBbnk, £k, Hoass5+ -—EFHEBRCETAEOALZBICEPQ
DBEGELEC L S CHiOBRKERE L 2 55 F — Y HERFER & ol EE B OH
EEIRD O, LHL, ZOETEL->THO2S -5 YHRMEET 2L D 5EHE
HiBond, PQOBELEERSHEENEONE, 25 -5 YOI H T M3 Mon
oamine oxidase ( MAO) TEHIEINO: EZFUIHHOEBICIEML, oK EHio
BREERE S OHTHESEOHEN ED b nk, OEERENS, HoBE{bIeE R
KXo TMAODPEERE N, 25 -5 VORBIEEL TV EASREI Rk,
PEDORFELD, 10ppm NO2 BRETRITOBEHLEE Mg <oz s —» v
SERMEEL. 25 -F YEENEMT 3, ALK, 25 -5 YoREMEEL o
MBS D, £k, RRECHEEIRES 3, COB, o255 vSRbEHEl
CTHAHOPEHWIMT 2, 208k, a5~ vHRIESBRBICTHOBHEILIRD 5
NBFPICIEECHEEOREIBREL 2D, £k, HOBRILEEE, 25 -5V
SRIMETT 3, UL, Fioa sy - cHERFEROHME 2 55 —vEERD
ﬁTnxafna—VV@ﬁﬁ%#ﬁTL,m%HOPE%EHOP&ﬁ@T?5°:Q
L O B—HOBEENTHOWHAIR 2D THI &AW oh &R ok,

0.4, 1.25XT4ppm NO2 181 AEDEMRZTERCII 4o HOZTHiO2 5 —
TYEENEFHEMLL, MFEHOPEWIEMS 22 &7, RHOPHIINO: EED
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ERICONTETT AR L 2. Sh&EHBRgClio 2 55 F - FHERFEE L
NOQ: EED LRI ONTHEMY 2WEmERL, £k, Woasy - YHRERLL2 S
x04mmﬁ?ﬁ§mﬁTbho%@MAO%@%&U@&&%EEMNOz%&tm#
LCHEmL 7z,

hoDEENS, MOBRILEENHEUEMT 2NO: REBAMARTE, oas
54 —FHERFEROEME 2 55 F —EREROEBTIEX > T2 5 -7 YR REIME
FL, 2082, RHOPEMETY 3, 2LT, ZONRENSREROBETL TS 4ppn
ﬁf:5—Fv§§ﬁ%m15bmﬁﬁéca%%e#amoko:@%%uﬁ¢JQm
Lz dppm NO2 BREISHTAEHOD S v + ORICBREOHEHERNIRD oni L iFE
SIRERED—RLTHY, NO2 ENBZEORETR, PQOBGLELLICaS
— 5y OHREDET bHOHHLER I IERDO—2TH B I &ARBE N, Tk,
O BELIEE I EELIISEBIL, ThdFETo2 557 F - FHERTFERER
LT 5 b0 LSk,

—%, KRRELWEOREZECHET 3 EFNHE THEEN O FLRIMBIERCBIE
HORHHOPEMNEMT 3 &EMNMESNTHY, ZORPHO P o OR
HZzOESEEOTALEEET 3 L TERDTCEETH D, AERERPORHOPLD
WIMBEAEZL 2L, Z0EMIFOa 5 -5 vARESENSFRCRET S LKL S L
I oNd, T, BHICERENO: KEBINLGES BRI EIEML TE
EHRECD, 2545 F —FHERFRBES N 5 —F VHRIIH S THORHEL
R ZAERRIBETS AV, o THOWELOEN OS2 LLLAHOPIEAMETL
T AEPIOBAEZTELS IREROND LAKL, —F, RHOPLoEmdhicE
REOERTH B2 55 F —FHERFERENMETLEYRBSGIEIDI5LZA 0N
2, BEo TESWHRCEVLTHMFERO2 55 F -~ FHERFEEOZEMERH S &
EDTCEETH BN, 255 - ¥EERFEEND 5 KRELZME O LR ELRE O
RA & - THIMLI2 Y, BFLEDY 3RRERRIC SEIT 5 2 L2TENLIRD
HOPHOWMOERE LD FHICHERLS 3b0EEL0N5, 5RIELDS  DFL
WEORSHELERIMOEERLOEN O S SLFHLAMREED S TETH S,
DIt EBIAHETNO 2 REW L 2BELINELAR & Z /g 2 HiE LR
B0 BE A o i d 3 Lok xtd 3N Oz O BB bR ARX & Fi
a5 —5vXEomhroikat L,
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1) Glutathione peroxidase as a member in peroxidative metabolic pathway

265H + ROOH----F%__5  GSSG + ROH + Hy0 —-mmmmmmmmmmmmmmmmmmmeeee (4)
G6P —~— NADP* é—_—> 2GSH —~— ROOH _
G6PD GR A T —— (i1)

6PG &~ NADPH — ~— GSSG ¢—"—> ROH

2) Enzymes for maintenance of reducing potential (NADPH formation)

66P + NaDPT---S8E0_____ R YT R —— ()

R T R O —— (i1)

Isocitrate + nNaDpT-IC0H__ o _ oxoglutarate + C0, + NADPH -----eeoemee (ii1)
3) Glutathione S - transferase as a peroxidase

B + ROON ~S-T2SR. G50 + RO (ENSIIALIE]smmmsrmmmomin oo ()
411 GSOH + GSH ====cemee ->  GSSG + Hy0 (Non Enzymatic)-----==-==-mmu-mm- (ii)

2GSH + ROOH =====-=- =  GSSG + ROH + H20 (Net Reaction)

4) Superoxide dismutase

Cu - Zn SOD in cytoplasm, erythrocyte (soluble)

gg o ggg } in mitochondria
- + S0D 3
205 + M ----220es 0, + HO,

1

cf. Haber - Weiss Reaction (05 + Hy0, === 0, + OH + OH™)

5) Disulfide reductase for maintenance of SH - group

(Exchange of inter and/or intra molecular disulfide)

Membrane - S - S - Protein ---—  Membrane - SH + Protein = SH -===(i)
Membrane - S - SG —=-=feameaan — Membrane - SH + GSH -===ceeeeaaa- (i)
Protein = S = SG ====ccmeeeaae - Protein - SH + GSH ===eeceoeeaee- (ii1)
CYSting =ssrssvamsmanmmmmmmmms > 2 Cysteine =—--eeemeemccccaaaaaoo (iv)

ABBREVIATIONS. GPx : Glutathione peroxidase. G6PD : Glucose 6-phosphate
dehydrogenase. GR : Glutathione reductase. 6PGD : 6 Phosphogluconate
dehydrogenase. ICDH : Isocitrate dehydrogenase. GSH-Tase : Glutathione S-

transferase. SOD : Superoxide desmutase.
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GPx activity, % of control
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Days of 10 ppm NO, Exposure
The initial values were: 2.07 = 0.23 p moies/min/100 g body weight
for ethane exhalation (®), and 24.5 = 1.5 n moles/g lung for
thiobarbituric acid reactants (O), 88.8 = 2.9 (n moles nAPp*
reduced/mg of protein/min) for GPx (@™ ). The dashed straight line
shows the initial level, and the dashed curved Tine shows the
difference between ethane exhalation rate and TBA reactants forming

rate. The values are expressed as mean = SEM-(n=6-12).
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Days of 10 ppm NC, Exposure

The {nitia1 values (n moles NADP+ reduced/mg of protein/min) were
88.8 + 2.9 for GPx (O), 124.3 + 3.5 for GR (@), 126.6 = 5.9 for
G6PD (m ), and 145.4 £ 5.6 for 6PGD (O ), respectively. The

values are expressed as mean * SEM (n=6-12).
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Days of 10 ppm NO, Exposure

The initial values were: 125.8 + 8.8 (n moles/hr/mg of protein)
for DRS (@), and 18.8 + 0.5 (units/min/mg of protein) for SOD

(O). The values are expressed as mean = SEM (n=6-12).
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Days of 10 ppm NO, Exposu&e
The initial values were: 1.11 = 0.05umoles of nonprotein-
sulfhydryls/g+lungs (O), and 33.2 = 1.1 pg of de2-a-tocopheol/g-

lungs (®). The values are expressed as mean * SEM (n=6-12).



Ethane Exhalation
(p mol/min/100g body weight)
|

TBA reactants
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Weeks of NO, Exposure

Control values of ethane exhalation were located between 2.20 and
2.62 p moles/100 g B.W./min., and control values of TBA reactants
located between 34.1 and 46.2 moles/g-lungs from the first through
the 16th. week. GPx activity in this fiqure was measured using
cumene hydroperoxide as substrate. Control values of GPx were

located between 145 and 111 n moles of NADP+ formed/mg protein/min.
( O ; control group, ®; 0.4 ppm group, g; 1.2 ppm group,

® , 4 ppm group)
(*, p<0.05;***, p<0.001)

GPx activity, % of control



E7 0.4, 1.2%%d4ppm NO2 4 #AEIRBLA S v PO I VT F4 ViETTEEE
(GR) EftEsrna—z—6—Y vEbkEHE (G6PD) FEHOZEREL

A
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GR activity
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G6PD activity, % of control

1 1

clr 2 4 8 12 S
Weeks of NO, Exposure

Control values of GR activity located between 110 and 78 n moles
of NADP' formed/mg+protein/min. and control values of G6PD
activity were located between 69.5 and 44.8 n moles of NADPH
formed/mgeprotein/min. from the first through the 16th week.
(O control group, @ ; 0.4 ppm group, O, 1.2 ppm group,

®; 4 ppm group)
(*, p<0.05; **, p<0.01; ***, p<0.001)
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Weeks of NO, Exposure

Control values of SOD activity were located between 29.6 and 18.¢
units/mg protein/min., and those of DSR activity located between
126 and 92 n moles of cysteine formed/mg-protein/min., from the
first through the 16th week.
( © ; control group, @ ; 0.4 ppm group, O; 1.2 ppm group,

W ; 4 ppm group)
(*, p<0.05)
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Weeks of NO, Exposire

Control values of NPSH were located between 1.10 and 0.95 umoles/g
of wet lungs.
{ O ; control group, @ 0.4 ppm group, O3 1.2 ppm group,

W ; 4 ppm group)

(*, p<0.05; **, p<0.01; ***, p<0.001)
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Glutathione peroxidase ( O ), glutathione reductase ( m ), glucose-

or #

6-phosphate dehydrogenase ( O ), 6-phosphogluconate dehydrogenase
( ® ), superoxide dismutase ( ® ) and disulfide reductase (a)

activities, and non-protein sulfhydryls ( @ ), TBA reactants ()

and a-tocopherol ( & ) contents.



®11 0.04, 0.4 % 4ppm NO2 2B~ 9, 1BRU2THBMIEZL~S » F OIERD
Iy VEEE

4.5¢

tt*{

jusr/.)

4.0

Ti*t

1 (194%)

3.5

20

' (121%

%
‘(206%)
(124%)

%)

2.5

(180%)

2.0 elico%!

x|

%)

(135%)

Ethane Exhalation (p moles/I00g body wt/min )

| 5L Goow
%/.)

1.0}

O & coz oa 2.0

NO2 concentration (ppm)

O ; 9 months, O; 18 months, @®; 27 months,

* p<0.05, ** p<0.01, *** p<0.001



B412 0.04, 0.4 % T 4ppm NO2 &+ 9, 18RT2ITHAMEZRLAE S » FOERH
vy VEES

<
= E 2‘0- i g
:g 5 1t100%) T
—_ = -
Q o I.Q- *
< 8 «T '(164% .
i
o & 1.0F tco% LU53%) ~<Q | 144%)
c O (114%)
= N
& @ (100%)
& o 05F

g

o O_ L o e 1 | B 1

c 0.04 0.4 40

NOo concentration (ppm)

O; 9 months, O; 18 months, ®; 27 months.

* p<0.05



13 0.04, 1.2%T*0.4ppm NO2 &% 6, IRTI8H ARERRERLAS v FO
BRBMIs vEES

E
E 2.5¢
~
3. 197 %)
m
S
S 2.0+
; * EE(174%)
0 (158%)
(=)
=
— (136%) [143%)
c |I.5F
.24
=]
=) (114%)
£ |
>
L
2
S |.0f
— L
w OI! v/ ! ! !
0 0.04 0.12 04

NO, concentration (ppm)

® ; 6 months, o ; 9 months, ©; 18 months.

* p<0.05, ** p<0.01, *** p<0.001



Mt
o

NO: ZHEZS v DL v

ERI IS FF Yy -

N—=FF4—

7
€ (GPx), Fwy s vERH#E (GR) 702 —2—6 —Y vERKES

Z (G6PD) EHEOZE(L

Rats exposed to NO, for 9 months

[ Rats exposed to M0, for 18 months

Experiment 1 Experiment 2 Experiment | Experiment 2
Mean + SD (%) Mean ¢+ SO (%) Mean + SD (%) Mean & SD (%)
total protein Control 92.4 + 7.7 (100%) 85.9 + 4.9 (100%) 95.0 + 10.4 (100%) 83.2 + 3.8 (100%)
0.04 ppin | 92.7 + 4.2 (100%) 82.7 + 2.5 (100%)| 96.3 + 9.5 (I101%) 87.2 + 3.6 (105%)
(ma/g-Lung). 0.4 ppm| 96.7 + 4.4 (105%) 88.7 + 14.5 (103%) | 99.7 + 3.7 (105%) 92.5 + 6.6 (111%)*
4.0 ppm|101.3 ¢+ 3.0 (110%) 87.3 + 6.3 (102%)| 93.0 + 5.2 ( 98%) 85.1 + 3.2 (102%)
GPx-Cumene - 002/ Control |[181 +28 (100%) 253 +29 (100%)|150° + 9 (100%) 266 + 17 (100%)
_ 0.04 ppm {204 + 10 (112%) 240 +20 ( 95%)|154 +13 (103z) 279 + 10 (105%)
(nmoi/mg/min) 0.4 ppm 193 '+ 9 (107%) 252 +33 (100%) 162 + 15 (108%) 191 £ 17 ( 72%)***
4.0 ppm 200 + 91 (110%) 269 +40 (107%) (150 + 20 (100%) 229 &+ 14 ( 86%)**
GPx-i120,° Control 109 16 (100%) 155 +18  (100%)
0.04 ppm 109 £ 17  (100%) 159 +15 (102%)
0.4 ppm 118 +19  (109%) 1M1 £ 13 ( 722)**
4.0 ppm 133 +25 (122%) 139 + 10 ( 89%)
GR Control 85.9 + 15.0 (100%) 94.8 + 8.4 (100%) 87.4 + 4.1 (100%) 94.6 + 4.5 (100%)
) 0.04 ppm | 89.9 + 3.8 (104%) 89.6 + 5.8 ( 95%) | 90.0 + 14.8 (104%) 88.4 + 2.5 { 94%)
(nmo1/mg/min) 0.4 ppm | 92.9 + 5.4 (108%) 96.2 + 11.2 (102%) | 86.4 + 4.4 ( 99%) 67.9 + 6.6 ( 72%)xw=
4.0 ppn [102.8 + 5.0 (120%)* 109.3 + 10.9 (115%)8 97.5 + 9.6 (112%) 95.3 &+ 7.3 (101%)
G6PD Control 48.7 + 11.6 (100%) 61.3 + 8.5 (100%) | 67.2 + 11,2 (100%) 79.2 + 6.6 (100%)
) 0.04 ppm | 57.4 + 10.5 (118%) 52.5 ¢ 3.9 § 86%) | 76.8 + 17.5 (114%) 89.1 + 8.6 (102%)
(nmo1/mg/min) 0.4 ppm | 65.8 + 9.9 (135%)* 57.8 + 8.1 ( 94%)| 80.7 + 11.6 (120%) 60.0 + 9.3 ( 76%)
4.0 ppm | 86.8 + 9.2 (178%)***79.7 + 10.7 (130%)*| 100.8 + 11.4 (150%)**+80.3 + 9.5 (1012)
a) GPx-Cumene-00l shows qlutathione peroxidase assayed by Cumene hydroperoxide as a substrate.

b) GPx-H202 shows glutathione peroxidase assayed by hydrogen peroxide as a substrate.

*p <0.05, ** p < 0.01, *** p < 0.00]



#3 NO: EH#EZS v OO Vs FAY S—FPF3VR7x5—¥%, §X8DHDB

FYWN, TS5FN, BLUTLZEFY—-S—-I53vR7=25-EFHDOZE

Rats exposed to NO, for 9 months

Rats exposed to NO, for 18 months

Experiment 1

Experiment 2

Experiment 1

Experiment 2

Mean + SD (%) Mean + SD (%) Mean + SD (%) Mean + SD (%)
Aryl-S-transferase Control 2.88 + 0.52 (100%) 3.29 + 0.31 (100%)| 3.42 + 0.13 (100%) 3.13 + 0.23 (100%)
0.04 ppm | 3.10 + 0.34 (108%) 3.05 + 0.33 ( 93%)| 3.07 + 0.41 ( 90%) 2.63 + 0.31 ( 84%)
(nmo1/ma/min) 0.4 ppm| 3.36 + 0.24 (117%) 3.19 + 0.46 ( 97%)| 3.53 + 0.38 (103%) 1.99 + 0.14 ( 64%)***
4.0 ppm| 3.06 + 0.18 (106%) 3.00 + 0.56 ( 91%)| 3.00 + 0.29 ( 88%)* 2.20 + 0.15 ( 70%)***
Aralkyl-S- Control |42.0 + 7.6 (100%) 44.9 + 2.8 (100%)| 31.3 + 0.6 (100%) 45.5 + 2.5 (100%)
transferase 0.04 ppm [44.0 + 2.4 5105%) 42.0 +6.7 (94%)|30.1 + 3.0 ( 96%) 44.9 2.8 ( 99%)
(nmio1/mg/min) 0.4 ppm|47.4 £ 3.0 (113%) 45.6 + 5.7 (102%)]32.8 + 4.3 (105%) 31.8 £ 1.5 ( 70%)***
4.0 ppn|46.4 +2.7 (110%) 41.4 +4.9 ( 92%)|29.1 + 1.5 ( 93%)* 35.9 2.7 ( 79%)***
Epoxy-S- Control 2.69 + 0.35 (100%) 2.10 + 0.35 (100%) 2.86 + 0.45 (100%)
transferase 0.04 ppm | 3.04 + 0.58 (113%) 2.49 + 0.39 (119%) 3.35 4+ 1.13 (117%)
(nmo1/ma/min) 0.4 ppm| 2.86 + 0.24 (106%) 2.33 + 0.85 (111%) 2.42 + 0.56 ( 84%)
4.0 ppm| 2.27 £+ 0O 2.43 + 0.57 (116%) 3.05 + 0.52 (107%)

.24 ( 84%)%

*'p < 0,05; *** p < 0.001



£4 NO: BHERZS » tOROFALEY -A% (TBA) RisH¥WESOZL

Rats exposed to NO, for 9 months

Rats exposed to NO, for 18 months

Experiment 1 Experiment 2 Experiment 1

Experiment 2

Mean + SD (%) Mean t+ SD (%) Mean + SD (%)

Mean + SD (%)

TBA values Control 52.8 + 4.9 (100%) 39.6 +1.5 (100%) | 54.9 + 4.1 (100%) 46.9 + 2.9 (100%)
(Fluorometric) 0.04 ppm | 52.9 + 3.1 (100%) 37.6 + 2.4 ( 95%) | 56.2 + 4.1 (102%) 52.4 + 3.5 (112%)
(nmoi/g-Lung 0.4 ppm | 54.9 + 3.8 (104%) 38.7 + 1.4 ( 98%) | 64.0 + 3.8 (106%)** 55.3 + 3.6 (118%)**
4.0 ppm [ 66.2 + 4.4 (125%)***41.1 + 1.4 (104%) | 69.8 + 3.2 (127%)***57.8 + 4.6 (123%)**
* p < 0.05, ** p < 0,01, *** p < 0,001
£5 ERERCSIEINO: ERFHOIY vEECRITES
Control 0.04ppm-N02 0.12ppm-N02 0.4ppm-N0z
TBA valuesa) 26.0 + 0.8 (100%) 29.3 + 2.2 (113%) 29.6 + 1.2 (114%) 39.7 + 3.2 (153%)
of diets
Ethane®) R LT 1 % TR — 2.09 t 0.16
Exhalation

a) n moles of MDA/g-diet.
b) p moles of Ethane/100g body wet/min.
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(0 — ; Control group, A --- ; PQ administrated group, A — PQ ; 16w

stop group). The values are expressed as mean % SD.
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Control values of TBA reactants were located between 17.0 and 26.8 n
moles/g+lung, and control values of NPSH were located between 0.69 and 1.10
u moles of nonprotein-sulfhydryls/gelung from the second through the 24 th
week ( @ --- ; TBA reactants, O — ; NPSH). The values are expressed as

mean + SD (* ; P < 0.05, ** ; P < 0.01, *** ; P < 0.001).



B 25 ~72-F (PQ) R#Efk55» tOMiOsrva—2—6 -y vERBI/KEFE
(G6PD), 6—hRFI2x— thAEHE (6 PGD) RUEZHN
SH (NPSH) EDZEZL

of control

%
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Periods of PQ administration (weeks)

Control values of G6PD activity were located between 134.7 and 189 n moles
NADPH+ reduced/mgeprotein/min, and control values of 6 PGD activity were
located between 80.8 and 129.5 n moles NADPH" reduced/mge-protein/min from
the second through the 24th week (O --- ; NPSH, 4 —; G6PD, A — ;
6PGD). The values are expressed as mean % SD (* ; P <0.05, ** ; P <0.01,

wx% : P < 0.001).



B 26 ~3a2-F (PQ) RERES» tOWMOI LY F4 ViETHE (GR) , 7
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—¥ (SOD) FEHEDOEELE(L
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N

Control values of GR activity were located between 95.1 and 145.6 n moles
of NADP+ formed/mg-protein/min, and coantrol value of GPX-Cumene-OOH
activity were located between 75.7 and 157.1 n moles of NADP+ formed/
mg-protein/min, and control values of SOD activity were located between
27.3 and 47.5 units/mgeprotein/min from the second through the 24th week (@
; GR, m ; GPX-Cumene-OOH, g ; SOD). The values are expressed as mean (* ;

P < 0.05, ** ; P < 0.01, ** : P < 0.001).



£6 NZa—BRERLRO2 LAEOHOTBAM, ¥FE4#SH (NPSH) =
Inwa—2—6—Y vEBKE#EE (G6PD), 6—kzxA27 23— Bk
Fi##% (6PGD) , swsF4 vEn#E (GR) , SNy FFyn—F 2y

F—% (GPx) RUR—N—F %Y F - F 41 R45—F (SOD) EHOZ{L

Control group PQI6W,Stop group | PQ/Control

M+ SD M £ SD 7e) P
TRA(200xg) a) 23.6 + 2.7 35.7 + 8.2 |I51 PC0.05
NPSH b) 0.79t0.19 0.73+0.69 |32 . non
G6PD ¢) 165.2 £+ 13,7 158.8 + 15.0 |9  non
6PGD 8.7+ 7.1 729+ 3.3 |8 P.01
GR 138.% * 15,8 137.6 % 2.6 99 non
GPx-Cumene 1) 146.3 + 7.9 121.4 + 9.9 |83 P¢0.0l
GPx-H,0, 2) 8.4+ 7.3 755+ 7.3 |84 P0.05
SOD dy 37.7+ 1.7 35.9+ 6.0 |9  non

A) The values are expressed as n moles/g*lung for thiobarbituric acid
reactants. ‘

b) The values are expressed as u moles of nonprotein-sulfhydryls/g-lung.

c) The values are expressed as NADP+redued/mg'protein/min.

d) The values are expressed as units/mg-protein.

e) The value shows percent ratio against the value of control group(100%)

19 GPX-Cumene-OOH shows glutathione peroxidase assayed by cumene
hydroperoxide as a sustrate

2) GP_-H,0, shows glutathione peroxidase assayed by hydrogen peroxide as

X 22
substrate



Hydroxyproline contents
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The values are expressed as mean + SD (* ; P < 0.05, ** ; P < 0.01).
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HOP/Cre x 103 (ma/ml in urine)
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Periods of PQ administration (weeks)

The values are expressed as mean ( © — ; Control group, & --- ; PQ
administrated groups, A — ; PQ 16 w stop group) (* ; P < 0.05, ** ; P <
0.01).



Contents of HOP in lung, and HOP/Cre
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( A --- ; TBA reactants, @ — ; Lung HOP, O --- ; HOP/cre).
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Hydroxyproline contents in serum
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Control values of HOP in serum were located between 18.0 and 23.5 ug/ml,

and control valuse of PZ—peptidése activity in serum were located between

50.6 and 58.5 units/mg-protein/hr from the first through the 8th week (O —

; Serum HOP, @ --- ; Serum PZ-peptidase). The values are expressed as

mean * SD (*

; P < 0.05).
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Control values of collagenase inhibitor activity (CI) in serum were located
between 17.7 and 21.6% inhibition, and control values of CI activity in
lung were located between 25.5 and 33.9 % inhibiton from the first through
the 8th week (O --- ; Serum CI, @ — ; Lung CI). The values are

expressed as mean * SD (* ; P < 0.05).
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( 0 ; Control group, @ ; PQ administrated group).



B33 ~N7a2—tE1l, 2HEDS - FOWMOTB AL 2 25 F—EHHERFEHR
DFER

r =-0.557
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Collagenase inhibitor in lung ( % inhibition )

( 0 ; Control group, @ ; PQ administrated group)
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Control values of MAO activity were located between 3082 and 3491

units/gelung from the first through the 8th week (*** ; P < 0.001)
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The values are expressed as mean + SD at the 24th week. Superoxide

dismutase (14,000 units/kg B.W) was injected via tail Vain (O — ; SOD, ®

--- ; Lung HOP) (* ; P < 0.05, ** ; P < 0.07) -



T N7a—rEREEHINF2—EERILEED2 4 HEDS » FHRMp Ha
, REAZHE (PaCO02) RUBRESE (PaO2) 0Zfk

Group M + SD % P
Control 7.40 + 0.02 100
pHa PQ(24W) 7.38 + 0.03 100 NS
PQ(16W,Stop«24W) 7.35 ¢+ 0.05 95 NS
Control 29:74 £ 3.0 100
PaC0, | PQ(24W) 27.9 ¢+ 3.6 9y NS
mmHg PQ(16W,Stop«24W) 2.9 ¥ 2.4 111 NS
Control 101.8 + 6.0 100
Pa0, PQ(24W) 87.2 +10.2 86 P<0.05
et PQ(16W,Stop:24W) 97.2 + 6.5 9y NS




B36 10ppm NO2 K 2HEEBRBLL S » FOWEESE : AEL L HAKEOEREL

Lung wet wt., to body wt
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Exposure time ( days )

Control values of lung wet weight ratio were located between 1.17 and 1.25
Tung wet weight/body weight x 103, and control valuse of water content
ratio were located between 0.766 and 0.782 lung wet weight — lung dry
weight/lung wetr weight from the first through the 14th day (O --- ; Water
content, ® — ; Lung wet wt. to body wt). The values are ekpressed as

mean + SD (** ; P < 0.01, *** ; P < 0.001).
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Control values of HOP in lung were lccated between 0.832 and 0.958 mg/left
lung, and contrel values HOP in serum were located between 44.8 and 50.7
ALg/ml from the first through the 14th day ( O --- ; Serum HOP, @& — ;
Lung HOP). The values are expressed as mean + SD (* ; P < 0.05, ** ; P <

0.01).
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Hydroxyproline in lung ( mg / left lung )

( @; Control group, O NO2 exposed group)




B47 10

Hydroxyproline in serum ( ug / ml )

ppm NO2 BEJ v tOficMFOL Fukvy7uy Y (HOP) B0

Fard
r=0.324
251 P< 0.0
50+
45r
Lor
L
t“'i 1 1 i IS 1 1
0 0,7 0.8 0.9 1,0 1.1 1.2

Hydroxyproline in lung ( mg / left lung )

( @ ; Control group, O; NO2 exposed group).




%8 10ppm NO2 W2 #EBEZ L5 PORBE Fuky 7y v : 2L7F= vk
(HOPL) o%it

No Control N02 eXPos
1 100.4 105.8
2 124.0 8L.4
| Q0,9 87.2
4 111.9 78.8
5 100.5 89.4
e as5.,7 86.1
7 118.8

8 117.1

MEAN 107.4 88.6
SD 11.3 8.4
% 1007 83%
P P<0.01

The values are expressed as HOP/Cre x 103
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PZ-peptidase in lung, % of control
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Control values of PZ peptidase activity in lung were located 6.23 and 7.95
units/mg. protein/hr x 103, and control values of PZ-peptidase activity in
serum were located 51.2 and 75.9 units/ml from first through the 14th day
( g --- ; Serum PZ-peptidase, m — ; Lung PZ-peptidase). The values are

expressed as mean * SEM.
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Hydroxyproline in serum ( ug / ml )
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PZ-peptidase activity in lung ( Units/mg.prot/hr ) X 103

( @; Control group, O N02 exposed group).
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Control values of collagenase inhibitor (CI) activity in lung were located
18.5 and 26.5 % inhibiton, and control values of CI activity in serum were
located 20.3 and 25.1 % inhibiton from the first thrqugh the 14th day (O

--- ; Serum CI, @ — ; Lung CI). The values are expressed as mean * SEM

(* ; P < 0.05).
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( @; Control group, O3 N02 exposed group).
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Control values of MAO-activity were located 2445 and 2913 units/gelung from
the first through the 14th day. The valuse are expressed as mean * ST (* 3

P < 0.05, ** ; P < 0.01, *** ; P < 0.001).
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SOD activity (% of control)
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Control values of TBA reactant were located 17.7 and 31.% n moles/g-lung,

Exposure time ( days )

and control value of SOD activity were located 26.0 and 33.3 units/mg.

( 10J3U0D JO % ) SIUDIINAJ Yg|

protein/min from the first through the 14th day (@ — ; TBA reactants,O

---; SO0D).
< 0.01).

The values are expressed as mean * SD (** ; P < 0.01,

ko

P



Collagenase inhibitor in lung
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Collagenase inhibitor in serum
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A study on biochemical effects of nitrogen dioxide on the rats
---- Alterations of 1lipid peroxidation and of related

factors in collagen metabolism ----

Takamichi Ichinose
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SUMMARY

Nitrogen dioxide(NOZ) is a common air poliutant cewsing from the
reaci.icn between nitrogen and oxygen in condbusting process such as boilers
of factories ard automobile engines. L[speciaily, atmaepharic N02
concentration in large cities is comparetively high lev:l, most of persons
has anxicties about it's health effests. Therefore, te clarify the
piologicai effects of NO2 on the Tiving Dody is very irpcrtant ©o establish

3
i

the basis of preventive medicine in 1ife environment.

NOZ is a high oxidizing substance and causes varisus pathological
injury in lungs. Generaliy, it is considered that peraridation of
membrane lipids causes to effects on cell damages and on many toxic
process, and the toxic action of NO2 may be an result From Tipid
peroxidation.

An evidence that NOZ egxposure causes 1lipid peroxidation in ino was
shown by Thomas et al. using new method of conjugated diene. Thereafter,
many investigators have tried to measure the 1ipid peroxides in tissues,
but, they have failed to measurs the lipid peroxides foifowing exposure to

NG In this report the author has estabiished the mechod tov measure these

o
1ipid peraoxides in tissues.

On the other hand, many reportc on lung fihrocis caused oy exposurs te
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high and low-level of NO2 have been published. Recently, it has been
clarified that active oxygen species concerning with 1ipids peroxidation
causes to an abnormal changes in collagen metabolism. There is, however,
no evidence that biochemical changes induced by-NO2 exposure occure to the
lung fibrosis. |

As a step to clarify the biochemical effect of NO2 exposure on the
living body, this study was performed and this study contains of three
parts, first is to determine whether lipid peroxidation is caused by
exposure to NO2 or not, second is to clarify the relationship between the
changes of 1ipid peroxidation and the antioxidative protective systems 1&
Tungs of rats exposed to N02, and third is to examine an experiments on an
model of lung fibrosis, and the effects of NO2 on pulmonary fibrosis was
investigated from aspects of lipid peroxidation and collagen metabolism.

In the first chapter, 1ipid peroxides in rats lungs and in whole body
were examined to clarify the relationship between the changes of lipid
peroxidation and the antioxidative protective system, to which acute,
subacute and chronical exposure to NO2 were performed. Lipid peroxidation
measured by ethane exhalation and thiobarbituric acid (TBA) reactive
material increased after the exposure to N02, and the 1ipid peroxidation
increased dose-dependently, and it changes dependent on the period of NO2
exposure, but the changes of the antioxidative protective systems is very
complex.

Activities of antioxidative protective enzymes such as glutathione
peroxidase(GPx), glutathione reductase(GR), glucose-6-phosphate
dehydrogenase(G6PD), 6-phosphogluconate dehydrogenase(6PGD), disulfide
reductase(DSR), and super oxide dismutase(SOD) in the 105,000xg supernatant
of lung homogenates decreased slightly at the first days. Thereafter, they
increased to their maximum levels from the 5th to 10th day, and their

maximum levels were maintained until the 14th day. The time course of



non-protein sulfhydryls(NPSH) was similar to that of the antioxidative
protective enzymes. The patterns of change in these protective enzymes and
NPSH were symmetric to that of lipid peroxidation after the 3rd day. In
contrast, the amount of Vitamin E, that is a free-radical scavenger,
increased to maximum at the 2nd day, and returnedlto the initial Tlevel.
The change of Vitamin E was similar to that of lipid peroxidation.
Therefore, vitamin E may be an initial factor to prevent from the
peroxidation and it may be transported from other organs, mainly the Tiver.
In subacute experiment, rats were exposed continuously to 0.4, 1.2 and
4 ppm NO2 for one, two and four months respective{y. Lipid peroxidation
and the reaction of TBA values increased and are dependent on the NO2
concentrations, but the increases of these values were slower than that of
rats exposed to 10 ppm NO2 and then these values returned to the initial
level. Thereafter, they had a tendency to decrease dependent on the
increase of lipid peroxidation. The activities of antioxidative protective
enzymes and the contents of NPSH increased at the first week and reached to
their maximum levels at the 4th week. And the activities of antioxidative
protective enzymes decreased gradually until the 16th week, but the Tevels
of NPSH were maintained until the four months. Changes of antioxidative
protective enzymes showed an inverse relationship to that of Tipid
peroxidation. In chronic experiments, rats were exposed continuously to
0.04, 0.4 and 4 ppm NO2 for 9, 18 and 27 months respectively. The
formation of lipid peroxides increased with higher NO2 concentrations and
exposure period. The 1ipid peroxidation increased significantly in the 4
ppm NO2 group of the 9-months and in the 0.4 and 4 ppm NO2 groups of the
18-months exposure. The activities of antioxidative protective enzymes in
lung of rats decreased gradually from 9 months-to 18 months, changing
inversely the formation of Tipid peroxides. An ethane exhalation

increased significantly-from the that of control in the 0.04, 0.4 and 4 ppm



NO2 exposure for 9 and 18 months, and a dose response relationship was.
clearly observed. Furthermore, ethane formation of rats exprosed to 0.04
and 0.4 ppm NO2 for 27 months also increased to twice of the control level.
But after the exposure to 4 ppm NO2 27 month, the ethane level returned to
the control level. In the meanwhile, in a pathological experiment
projected at the same with this experiment, the lung fibrosis and the
thickness of alveolar wall in lungs of rats exposed to 4 ppm NO2 for 18
months were observed by Takenaka et all. Furthermore, they observed that
the thickness of the alveolar wall decreased than that of rats exposed to 4
ppm NO2 for 18 months, and thef]ung fibrosis progressed than that of rats
for 18 months-exposure these facts show that, the lung fibrosis gradually
progresses following the increase of 1lipid hydroperoxides and prolongation
of the NO2 exposure period, and, when lung fibrosis was formed finally,

the amount of exhaled ethan of rats exposed to 4 ppm NO2 27 months
decrease, this shows that the decrease of 1ipid peroxides did not recovery
signal to the normal state of lungs. Therefore, the lung fibrosis may
relate to the formation of 1ipid peroxides.

These results showed that the ability of the antioxidative protective
systems to protect cell from oxidative damage increasing in the early time,
and then they decreased gradually. On the other hand, lipid peroxides
increased temporaly in the early time, but they returned to the control
level. Thereafter, they increased gradually, again. It was confirmed that
the forming process of cytotoxic lipid peroxides altered inversely with the
protective system. This supposed that lung disease would be caused, as a
balance of lipid peroxidation and the ability of the antioxidative
protective systems exceeds a limit of homeostasis.

In the second chapter; using paraquat(1, 1-dimethyl-4, -4'-dipyridy-
1ium dichloride, MV, PQ), a simulation experiment was performed to

investigate the mechanism of lung fibrosis. PQ is widely used in



agriculture and it has been well known to cause severe interstitial
pneumonia and fibrosis in human and animal, and to forming lipid peroxides.
An experimental model of lung fibrosis in rats was induced by following
intra-peritoneal injection of PQ. The relationship between the changes of
lipid peroxidétion and the antioxidative protective system in lungs during
the time course was investigated and the development of PQ-induced Tung
fibrosis was compared with the results obtained by exposure to NOZ‘ And
the relationship between collagen metabolism related factors in the course
of development of lung fibrosis and lipid peroxidation were examined.

It was ciarifed that the time-dipendent changes of 1ipid peroxidation
and the antioxidative protective systems in lungs varied inversly as well
as the changes observed by exposure to N02. It was found that the
antioxidative protective enzymes such as G6PD, 6PGD and NPSH in lungs were
inducted to protect cell from 1ipid peroxides increased in early time of
PQ i.p. and when they increased to the maximum level, 1ipid peroxides
returned to control level, thereafter the antioxidative protective enzymes
and the NPSH decreased gradually with a time course of administration of
PQ and the lipid peroxidation increased inversely to the antioxidative
protective system. The antioxidative protective abf]ity against lipid
peroxide was temporary action. Furthermore, that lung fibrosis progressed
by abnormal change of collagen metabolism related to 1ipid peroxidation in
the developmental course of PQ-induced lung fibrosis.

On the other hand, it have been known that superoxide anion
radica](Og) participate with 1ipid peroxidation enhanced collagen
synthesis. The transformation of superoxide radical was supported by the
increase of superoxide dismutase activity in lungs PQ-treated rats.

It suggests indirectly that collagen synthesis in lungs of rats
administrated PQ, was enhanced. The activities of Tung's and serum's

coliagenase inhibitor, which inactivate collagenase. decreasad in the early



time. At this time, a significant negative relationship between lipid
peroxides and collagenase inhibitor activity in lungs was observed, but the
decreasing-time of collagenase inhibior activity in lungs was earlier than
the increasing-time of 1ipid peroxides in an early time. These results
suggests that the decline of collagenase inhibitor activity was inactivated
by reactive oxygen species, which concerns with 1ipid peroxidation, and
that the decline of collagenase inhibitor activity in serum was due to
inactivation of collagenase injhibitor in lungs. The decline of
collagenase inhibitor activity like this promotes to the collagen
decomposition in lungs in an early time, at the same time the hydroxypro-
line excreted to serum by collagen decomposition and the urinary
hydroxyproline:creatinine ratio (HOP ratio) increased. The fact that the
decline of collagenase inhibitor activity in lungs promote collagen
decomposition in lungs was supported by this result, that is a significant
negative relationship between the collagenase inhibitor activity in Tungs
and the hydroxyproline content in serum, was observed. Thereafter the
collagenase inhibitor activity in serum rapidly increased after the
increase of lipid peroxides in lungs , but the increase of collagenase
inhibitor activity in lungs was less than that in serum. As for the
reason, it was supposed that the collagenase inhibitor was inactivated by
reactive oxygen species or was neutralized by their proteases, causing
increase of proteolytic enzymes at an inflammation. When the increment of
collagenase inhibitor activities in lungs and serum was observed, the
amount of hydroxyproline in serum and the urinary HOP ratio decreased
inversely against the change observed in the early time, and the collagen
content in lungs increased gradually. The activity of monoamine oxidase
(MAO) concerning with formation of cross-link of collagen increased, and
interstitial pneumonia and lung fibrosis were confirmed by morphological

chservation. These recults suggested that PQ-induced lung fibrosis was



caused by suppression of collagen decomposition on account of the increase
of collagenase inhibitor actibity in lungs, associated with the rapid
increase of collagenase inhibitor in serum, and by a promotion of
collagenase synthesis and cross-link of collagen. The increase of
collagenase inhibitor activity in serum after the increase of 1ipid
peroxide in lungs was due to the promotion of synthesis of collagenase
inhibitor in liver, becouse of that increment is due to nutralized
collagenase and proteolytic enzymes increased by inflammation, that is
coused by 1ipid peroxide-induced injury. As a result of the increase of
Tung collagenase inhibitor activity, a degradation in lung collagen is
suppressed, and that cause to lung fibrosis.

In the third chapter, to clarify the effects of NO2 on the lung
fibrosis and the alteration in related factors of collagen metabolism
in rats exposed acutely and chronically to NO2 was examined, comparing with
the results of PQ administrated rats. In this experiment, lung fibrosis
was observed at the 7th and 14th day by morphological observation, but
thicking of the wall of the alveolar duct and adjacent alveoli at the 14th
day was slightly thinner than at 7th day. This fact suggested that the
lipid peroxide and the collagen in lungs increased in the wall of the
alveolar duct and alveoli at the 7th day. On the other hand, when the
collagen content in lungs increased, collagenolytic enzymes and serum HOP
increased too. Thereafter the collagenolytic enzymes, the hydroxyproline
content in serum and the urinary HOP ratio decreased than that of control
level and a significant relationship between the collagenolytic enzymes
activities in lungs and the hydroxyproline contents in serum was observed.
These results 5uggest that the collagen synthesis and decomposition were
promoted in lungs.

The time-dependent changes of the collagenase inhibitor activities in

lungs znd in serum showed a similar pattern to that of the collagenase



inhibitor activities observed in PQ administrated rats. This increment of
the collagenase inhibitor activities was induced to protect lung tissue
from decomposing confusely by collagenase and protease increasing by
inflammation. When the collagenase inhibitor activity in Tungs decreased,
a significant negative relationship between the Tipid peroxides and the
collagenase inhibitor activity in lungs was observed as well as that
observed in PQ administrated rats. But there was no evidence that the
collagen decomposition was promoted by the decrease of the collagenase
inhibitor activity in lungs. This result was different from that

observed in PQ administrated rats. The activity of MAO in Tungs
participating with the formation of cross-link of collagen increased
rapidly from the first day to the 4th day, at the same time, a siginificant
relationship between the lipid peroxides and the MAO activity was observed.
This results suggest that the formation of cross-link of collagen was
promoted by MAO, that was activated by the 1ipid peroxidation. These
changes in enzymes cause to the thickening of the wall of the alveolar
duct and alveoli slightly.

In chronic experiment, the collagen contents in lungs increased in 4
ppm N02 exposure group, and the urinary HOP ratio was decreased with NO2
concentratons higher. The MAO and amounts of the 1ipid peroxides in lungs
increased dose-dependently to the concentration of N02. These results
show clearly that the collagen content in lungs increased in the 4 ppm NO2
group, in which the ability of collagen decomposition decreased
exceedingly, and this is in agreement with the results of the morphological
observation, and lung fibrosis was observed in the 4 ppm NO2 group. It
suggests that decline of the ability of the collagen decomposition is also
a factor to occur lung fibrosis in long-term exposure to NO2 as well as PQ
treated rats.

We must pay attentions to the decrease of the urinary HOP ratio from



an aspect of lung fibrosis. On the other hand, the increase of urinary HOP
ratio may occur by the decrease of the collagenase inhibitor activity that
continues for a long-term, that is a factor to induce pulmonary emphysema.
Therfore, to investigate the changes of collagenase inhibitor activity is
very important in epidemiological study. If we can show cleary and
experimentally the causes of the increase and the decrease of the
collagenase inhibitor activity by comparative long-term exposure to some
air pollutants, we may be able to understand more exactly the meaning of
the increase of the urinary HOP ratio.

From these results, the author clarified the formation of 1ipid per-
oxides and a role of the antioxidative protective systems to lipid
peroxide, that induces cell damage, and the effect of NO2 on the Tung

fibrosis, from the aspects of lipid peroxidation and collagen metabolism.





